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    Burn Care: Introduction 

 Understanding the critical needs of the burn patient is vital to the delivery of 
the necessary treatment if we are to limit impact of the burn injury and return 
the patient to their preinjury health and functional status. Burn Care for the 
surgeon is a ready resource for those caring for burn patients. Covered in a 
clear and well-organized approach are topics covering the physiologic 
response to the burn injury and what treatments are required during the early 
treatment phase and recovery.

Chicago, IL, USA Richard L. Gamelli   

   Foreword   
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ix

 There have been tremendous advances in the management of burns. Within 
the past few decades, patients with massive burns, who in the past were not 
even resuscitated, are now surviving. It is now expected that children and 
young adults will survive and live productive lives. In the past it was expected 
that the elderly did not have a chance to survive sizeable burns but as the 
population ages, the number of elderly burn patients also increases. The care 
of the older patient has also become more aggressive and outcomes are sur-
prisingly good. The focus of burn care is to optimize functional and cosmetic 
outcomes so that the survivor can return to a productive and enjoyable life. 

 Fortunately, most burns are relatively small so survival is not the issue but 
even small burns treated poorly can lead to life-long problems. If a small but 
deep hand burn is not treated optimally, then the resulting scar can limit func-
tion and lead to an unproductive life. While many caregivers feel that they 
know how to treat such small burns, it is surprising how little knowledge 
exists for the management of these problems. The American Board of Surgery 
no longer requires burn experience during the training of surgical residents. 
Plastic surgery training emphasizes a burn experience but the training of the 
acute management of burns is sketchy at best. Many non-surgeons manage 
small burns (pediatricians, family practitioners, emergency physicians) but 
their training is limited. The decision as to when a burn might need surgery is 
one of the most important considerations to optimize its outcome. Those phy-
sicians who train in the vicinity of a burn center may be exposed to burn care 
but as the number of burn centers decreases the availability to interact with a 
burn team decreases. 

 The purpose of this textbook is to provide the basic medical and surgical 
management of burns. The target audience is the non-surgeon, the trainee, 
residents, and those surgeons who want exposure to the basic principles of 
burn care. The book is also a reference for those surgeons who are training to 
become burn surgeons. Finally, the principles can be applied to anyone who 
manages burns in the third world. The book does not focus on highly advanced 
techniques but stresses burn care using simple, inexpensive and straightfor-
ward techniques that can be used by any caregiver.  

  Sacramento, CA, USA     David     G.     Greenhalgh      
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      Epidemiology of Burn Injuries 
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          Introduction 

    It is estimated by the American Burn Association 
that approximately 486,000 patients suffered 
burn injuries that required medical treatment in 
2013 [ 1 ]. A total of 3240 deaths were attributed 
to burn  and inhalation   injuries during this time 
period, including 2855 deaths from residential 
fi res, 300 from vehicle fi res, and 85 from other 
sources. The odds of a US resident dying from 
 exposure   to fi re, fl ames, or smoke is 1 in 1141. 
For comparison, the odds of dying in a motor 
vehicle accident are 1 in 112. Data from the 
Centers for Disease Control’s (CDC)  Web-based 
Injury Statistics Query and Reporting System 
(WISQARS™)      showed that in 2013 there were 
3220 fatal and 405,327 nonfatal burn-related 
injuries [ 2 ]. Over the past fi ve years there has 
not been a signifi cant change in the number of 
burn injuries. The average number of fatal burn 

injuries was 3122, while the mean number of 
nonfatal burn injuries was 412,597. Tables  1.1  
and  1.2  show the breakdown of fatal and non fa-
tal burn injuries      according to age for 2013.

    In 2013, there were 1,240,000 fi res reported in 
the United States [ 3 ]. These  fi res   caused 3240 
deaths and 15,925 injuries. Of these fi res, 487,500 
were structure fi res, which caused 2855 deaths 
and 14,075 injuries; 369,500 were residential 
fi res, which accounted for 2755 deaths and 
12,200 injuries; and 188,000 were vehicle fi res, 
which caused 320 deaths and 1050 injuries. A  fi re   
department responded to a fi re every 25 s, and a 
structure fi re was reported every 65 s. One fi re 
injury was reported every 33 min, and a fatality 
occurred every 2 h and 42 min. Residential fi res 
accounted for approximately 4 % of burn admis-
sions. However these patients had a 12 % mortal-
ity rate compared to a 3 % mortality rate for 
patients burned in other types of fi res [ 4 ]. This 
difference in mortality is attributed to the preva-
lence of inhalation injury in residential fi res [ 5 ].  

          Prediction of Mortality 

 Prediction of mortality is critical to evaluating the 
process of care and providing triage criteria, in 
addition to analyzing and standardizing popula-
tions for research purposes [ 6 ]. There are several 
formulas used specifi cally for predicting mortal-
ity in burn. Formulas commonly used to predict 

        S.   Maximus ,  M.D.    •    V.  C.   Joe ,  M.D., FA.C.S.      (*) 
  Department of Surgery, Burn Center , 
 School of Medicine ,   Orange ,  CA ,  USA    
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mortality include the  Ryan Score  ,  Baux Scores  , 
and the  Abbreviated Burn Severity Index (ABSI)  . 
The  Ryan Score   is based on a study that included 
adult and pediatric patients admitted between 
1990 and 1994 and identifi ed three variables as 
major risk factors for mortality: burn size greater 
than 40 %  total burn surface area (TBSA)  , age 
greater than 60, and the presence of inhalation 
injury [ 6 ,  7 ]. Mortality was found to be a function 
of the number of the risk factors present, and this 
study showed that inhalation injury signifi cantly 
contributed to mortality [ 7 ]. The classic  Baux 
Score   was introduced in 1961 in order to predict 
mortality after burn injuries. It was defi ned as: 
 age  +  percent body burned  =  Baux Score  [ 8 – 10 ]. 
Traditionally, a Baux Score of 100 is associated 
with a mortality of 50 %. This method of scoring 
has been criticized for overestimating mortality 
risk since so many advances have been made in 
antibiotic therapy, surgical therapy, and critical 
care. In 2010, Osler et al. modifi ed it to account 
for the presence of  inhalation injury   [ 10 ]. The 
revised score,  R-Baux  , is defi ned as:  age  +  per-
cent burn  +  17 (if inhalation injury is pres-
ent) = R-Baux Score , which is then converted into 
a percent mortality. The advantage of the Baux 
score is that it is simple to perform quickly. 
However, more accurate predictions can be made 
using more complex statistical analysis [ 10 ,  11 ]. 

       The  Abbreviated Burn Severity Index (ABSI)   
was formulated in 1982 by Tobiasen et al., 
and it was derived from multivariate logistic 
 regression [ 12 ]. The ABSI score is based upon 
fi ve variables—sex, age, presence of inhalation 
injury, presence of full-thickness burn, and 
TBSA. It provides a probability of survival as a 
percentage based on the aforementioned vari-
ables. These formulas all were developed using 
nonhomogenous populations with  TBSA   ranging 
from 0–10 % to 90–100 %, and they have been 
validated in other studies [ 13 – 17 ]. Although sim-
ple to use and shown in studies to have predictive 
value, none of them has been externally validated 
in a population consisting only of extensively 
burned adults  and      children (TBSA >20 %) [ 7 ].  

   Table 1.1     Fatal burn injuries   by age group (2013)   

 Age  Burns  Age adjusted rate 

 Fatal burn injuries—2013 

 0–4  165  0.83 

 5–9  101  0.49 

 10–14  51  0.25 

 15–19  62  0.29 

 20–24  100  0.44 

 25–29  103  0.48 

 30–34  102  0.48 

 35–39  118  0.60 

 40–44  141  0.68 

 45–49  209  0.99 

 50–54  257  1.14 

 55–59  329  1.55 

 60–64  312  1.72 

 65–69  242  1.66 

 70–74  219  2.06 

 75–79  234  3.05 

 80–84  230  3.99 

 85+  241  3.99 

 Total   3220    0.95 

   Table 1.2     Nonfatal   burn injuries by age group (2013)   

 Age  Burns  Age adjusted rate 

 Nonfatal burn injuries 2013 

 0–4  63,297  318.59 

 5–9  21,706  105.52 

 10–14  15,654  75.81 

 15–19  28,107  132.84 

 20–24  45,134  197.99 

 25–29  37,379  173.21 

 30–34  33,640  158.20 

 35–39  25,318  129.15 

 40–44  26,510  127.15 

 45–49  26,421  124.58 

 50–54  24,034  106.54 

 55–59  21, 091    99.51 

 60–64  11,539  63.67 

 65–69  9653  66.08 

 70–74  4740  44.68 

 75–79  4589  59.76 

 80–84  2732  47.35 

 85+  3736  61.84 

 Total  405,327  131.28 

S. Maximus and V.C. Joe
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    Causes of Burn Injuries 

  Cooking   is the leading cause of residential fi res 
and residential fi re injuries [ 18 ]. From 2007 to 
2011, there was an average of 156,600 residential 
fi res per year in which cooking equipment was 
deemed to be the cause of the fi re. These fi res 
caused an average of 400 deaths per year and 
5080 injuries. Ranges with or without ovens 
caused the majority of fi res started with cooking 
equipment (57 %), and unattended equipment 
was the leading cause of cooking fi res. Overall, 
43 % of residential fi res were thought to cooking 
related, and they accounted for 38 % of home fi re 
injuries and 16 % of home fi re deaths. 

 In 2011, heating equipment was reported to be 
the cause of 53,600 residential fi res. This 
accounted for 14 % of all home fi res, which was 
the second highest single cause, after  cooking  . 
16 % of home fi re deaths involved heating equip-
ment, which was third highest after cooking and 
smoking. Overall, heating equipment was 
involved in 400 deaths and 1520 injuries. 
 Stationary and portable heaters   were the most 
common equipment involved [ 19 ]. Defective 
heating devices and the improper use of heating 
devices accounted for a higher proportion of 
deaths in low-income areas [ 20 ]. 

 In 2011, 90,000  smoking-related fi res   occurred 
in the United States, being one of the leading 
causes of domestic fatal burn injuries. Fires 
started by smoking materials were associated 
with an estimated 540 deaths, 1640 injuries, and 
$621 million in property damage. One out of four 
of those fatalities was suffered by someone other 
than the cigarette smoker. Most of the deaths 
resulted from fi res that started in bedrooms, liv-
ing rooms, family rooms, or dens. Smoking- 
related fi res accounted for 8 % of all fi res, 20 % 
of associated deaths, and 9 % of injuries [ 21 ]. 

 Nevertheless, the long-term trend in fi res 
caused by smoking materials has decreased by 
73 % from 1980 to 2011. This decline is attrib-
uted to the decline in smoking, standards, and 
regulations requiring mattresses and upholstered 
furniture to resist cigarette ignition and a recent 
adoption of fi re-safety regulations among ciga-
rette makers. Canada and the United States have 

passed laws that require all cigarettes sold to have 
reduced ignition strength by ASTM Standard 
E2187-04. Fire-safe cigarettes are made with two 
or three thin bands of less-porous paper that act 
to slow down a burning cigarette. If a fi re-safe 
cigarette is left unattended, the burning tobacco 
will reach this paper and self-extinguish. 
New York was the fi rst state to adopt the fi re-safe 
cigarette requirements in 2003. In 2000–2003, 
smoking material fi re deaths averaged 43 per 
year. After implementation of the bill, smoking 
material fi re deaths averaged 25 per  year   in 
2006–2008, a 42 % drop [ 22 ]. 

 Sleeping while  smoking   was the primary fac-
tor contributing to 31 % of all home smoking 
material fi re deaths, while alcohol or drug impair-
ment and physical disability both accounted for 
18 % of deaths. Age was a factor in 10 % of those 
deaths. Up to 50 % of burn patient fatalities have 
a history of alcohol use, and alcohol intoxication 
has been shown to increase the risk of infection 
and mortality in burn patients [ 23 ]. Forty percent 
of home fi re deaths involving smoking were 
started in the bedroom, and 35 % were started in 
the living room, family room, or den. Not sur-
prisingly, smoking-related home fi re deaths 
peaked during winter months, with the highest 
rate of deaths in December  t  hrough March. 

 There is an increasing association between 
 cannabis   and burn patients. Several states have 
legalized the use of cannabis for medicinal pur-
poses, while others also have legalized it for rec-
reational use. The use of cannabis in the US 
population has increased from 6.2 % in 2002 to 
7.0 % in 2014, [ 24 ] but this rate has increased 
more quickly in burn patients. A recent study 
from the University of Kansas using data from 
the National Burn Repository 2002–2011 showed 
6.0 % of burn unit patients testing positive for 
cannabis in 2002. This number increased to 27 % 
in 2011 (P=0.0022). That study showed that 
fl ame injuries, which accounted for more than 
60 % of injuries, were the most common type of 
injury caused by cannabis. They were followed 
by scald injuries, which accounted for approxi-
mately 15 % of injuries. This study also found 
that patients who tested positive for cannabis had 
larger burns (TBSA 12.94 % vs. 10 %,  P  < 0.001), 

1 Epidemiology of Burn Injuries and Burn Care
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longer length of stay (13.31 vs. 12.6 days, 
 P  = 0.16), longer ICU length of stay (7.84 vs. 
6.39,  P  = 0.0006), and more operations (2.78 vs. 
2.05,  P  < 0.001). These patients tended to be male 
(80 %), were less likely to be insured (25.2 % vs. 
17.26 %  P  < 0.0001), and were younger, on aver-
age (35 years old vs. 42,  P  < 0.0001) [ 25 ]. The 
increased association between burn patients and 
cannabis use may be due to the physiologic and 
psychological effects of cannabis on the patient, 
as these effects  ma  y lead to increased accidents. 
As more states legalize cannabis, it is safe to 
assume that there may be a correlating increase in 
these types of burns [ 26 ]. 

  Playing with fi re   caused an average of 49,300 
fi res between 2007 and 2011, and it resulted in an 
average of 80 deaths. A child under six started 
43 % of these fi res, and the majority of these fi res 
were caused by males (83 %). Sixty-four percent 
of these fi res began at home, and the remainder 
began outdoors or at educational properties. For 
outdoors fi res, 24 % were started during the 
month of July and were thought to be infl uenced 
by Independence Day-related festivities [ 27 ]. 

 Burn injuries due to  recreational activities   are 
an ongoing problem for many communities [ 28 , 
 29 ]. A total of 9600 fi rework-related injuries 
were treated in US emergency rooms, 26 % of 
those patients were under the age of 15, and 68 % 
were male. Sixty-one percent of these injuries 
were to the extremities, and the hand or fi nger 
was the most commonly injured extremity at 
46 %; followed by the leg at 11 %, and the arm, 
shoulder, or wrist accounting for 4 %. Most of the 
remainder of the  injuries   were to the head (34 %), 
and eye injuries accounted for 17 % of the total. 
89 % of fi rework-related injuries involved fi re-
works that were approved for consumer use by 
Federal regulations [ 30 ]. 

  Outdoor campfi res   are another frequent cause 
of burn injury. A retrospective study done by UC 
San Diego that examined data from 1999 to 2007 
found 241 patients admitted to their burn center 
during that time period. Each year, 12–39 patients 
were injured by these types of fi res, and 84 % 
were men. Patients fell into two age groups: 2–9 
years old and 18–64 years old. The beach was the 
most common location for recreational fi re inju-

ries. Alcohol was a contributing factor in 60.6 % 
of adult burns, and 80.7 % of patients sustained 
partial-thickness and full-thickness burns. 36.6 % 
of  these   patients required skin grafts, and the 
mean length of staying was 8.6 days [ 28 ]. 

 In order to  prevent injuries from recreational 
fi res  , New Mexico implemented a ban on them 
from June to August 2011, due to the prevalence 
of drought, high winds, and uncontrolled wild-
fi res. The New Mexico Burn Center then looked 
at the results of the ban on recreational fi res and 
charts from burn patients admitted from May 27 
through September 6, 2010 were compared to 
burn patients admitted from May 28 through 
September 5, 2011 [ 31 ]. There were a total of 14 
burn injuries in 2010, compared with 4 in 2011, 
which represents a statistically signifi cant 
decrease in admissions ( P  = 0.02). There was a 
total decrease of campfi re-related injuries from 
91 in 2010 to 25 in 2011 [ 31 ]. Legislation aimed 
at limiting recreational fi res during summer 
months seems to be effective in preventing injury. 

 Arson is another leading cause of fi res which 
accounted for 420 annual deaths, 1360 civilian 
injuries, and $1.3 billion dollars in property dam-
ages. The majority of these fi res (75 %) were out-
doors, while 18 % involved structures, and 7 % 
were  vehicle fi res  . Structure fi res accounted for 
92 % of deaths due to arson, despite accounting 
for only 18 % of the total. A majority (51 %) of 
arson fi res occur between 3 p.m. and midnight, 
and according to  FBI statistics  , two out of fi ve 
individuals arrested for arson are under 18 years 
of age [ 32 ]. 

  Electrical fi res  , which are defi ned as a fi re 
involving electrical failure or malfunction, 
accounted for 47,700 home fi res in 2011. They 
resulted in 418 deaths and 1570 injuries. 16,400 
nonresidential electrical fi res were reported to the 
US fi re departments, and these resulted in 13 
deaths and 243 injuries [ 33 ]. High voltage 
(>1000 V) electrical burns can result in severe 
injuries, and they account for an estimated 1000 
fatalities annually in the United States. Electrical 
injuries represent 3–5 % of burn unit admission 
annually [ 34 ,  35 ]. Electrical burn injuries result-
ing from attempted theft of copper have become 
more frequent as the value of this metal rises 
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[ 36 ]. The commercial price of copper tripled in 
2006 [ 37 ], and since then, this has been reported 
as a risk factor for electrical burn injuries 
[ 38 – 40 ]. 

 Although it has been  estimated   that 486,000 
burn injuries occurred in the USA in 2013, the 
exact number of burn injuries that occur in the 
USA is not known. Only 21 states require report-
ing of burn injuries, two states only require 
reporting of burns resulting from assault or arson, 
and seven others only require burns >15 % TBSA 
be reported [ 41 ]. Therefore, the total number of 
annual burn injuries in the USA is estimated by 
extrapolating data collected in these states [ 42 ]. 

 Not all patients with burn injuries require  care   
at a burn center. Approximately 25,000 patients 
met criteria for  burn center care   (Table  1.3 ). 
There are 128 self-identifi ed burn care facilities 
in the USA, and only 62 are verifi ed by the 
American Burn Association. Geographic access 
to verifi ed burn centers and self-identifi ed burn 
facilities varies greatly across states and regions 
in the United States. Eighty percent of the popu-
lation lives within two hours of some type of 
burn center via ground or air travel. However, 
one- third of the US population must be trans-
ported by air in order to reach an ABA-verifi ed 
 burn   care center within 2 h [ 43 ].

          Patients and Complications 

 The American Burn Association maintains the 
National Burn Repository (NBR)  database      that 
contains data sets of acute burn admissions begin-
ning in 1947. A total of 203,422 records of 
patients from 99 hospitals in 36 states and the 
District of Columbia have been contributed to the 
database. The NBR releases an annual report 
detailing patients that are treated at burn centers 
in the USA [ 44 ]. The 2015 NBR reports refl ect 
data from 2014. 

 Some key fi ndings from the  2015      NBR report 
include:

•    Over 68 % of burn patients were men.  
•   The mean age of all reported cases was 32 

years old. Children under the age of fi ve 
accounted for 19 % of the cases, while patients 
age 60 and older represented 13 % of cases.  

•   The  mortality rate   for all cases was 3.2 %, and 
it was 5.7 % for injuries from fi re and fl ame. 
Mortality increased with an increase in  TBSA     , 
and patients with TBSA > 90 % had a mortal-
ity rate of 85 %. More than 75 % of reported 
burns were less than 10 % TBSA, but these 
cases had a mortality rate of 0.6 %.  

•      The most common  etiologies   of burn injuries 
were fi re/fl ame and scalding, which accounted 
for almost eight of every ten reported injuries. 
Scald injuries were most prevalent in children 
under fi ve, while fi re/fl ame injuries were the 
most common in all other age categories. Nine 
percent of burn injuries were of unknown 
etiology.  

•   Seventy-three percent of burn injuries with 
known occurrence  locations   happened at 
home. 72 % of cases were identifi ed as non- 
work- related accidents, and 13.7 % of burn 
injuries were work-related accidents.  

•    Child abuse   was suspected in 1.1 % of patients, 
and 1.1 % of burn injuries were self-infl icted.    

 The 2015  NBR Report   further noted that the 
average length of stay (LOS) for patients with 
burn injuries declined from 9.3 days to 8.6 days 
from 2005 to 2014. During that same period, the 
mortality rate slightly increased from 3.1 to 3.2 % 

   Table 1.3    Mortality rate based on  total   burn surface 
area (2013)   

 %TBSA 

 Lived  Died 

 Mortality rate  Cases  Cases 

 0.1–9.9  133,242  864  0.6 

 10–19.9  25,660  699  2.7 

 20–29.9  7156  659  8.4 

 30–39.9  3082  621  16.8 

 40–49.9  1532  561  26.8 

 50–59.9  798  463  36.7 

 60–69.9  515  417  44.7 

 70–79.9  284  347  55.0 

 80–89.9  185  461  71.4 

 >90  96  544  85.0 

 Subtotal  172,550  5636  3.2 

 Missing or 0 %  24,369  867  3.4 

 Total  196,919   6503    3.2 

   TBSA  total burn surface area  
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for males, while it decreased from 4.9 to 3.6 % 
for females. Advanced age, burn size, and inhala-
tion injury were all related to an increased risk of 
death, which has also been validated in other 
database studies [ 45 ]. For patients under the age 
of 60, with a TBSA between 0.1 and 19.9, the 
presence of inhalation injury increased the likeli-
hood of death by almost 24 times. Other studies 
have also shown signifi cant increases in mortality 
with the presence  of   inhalation injury [ 46 ]. 

    A correlation exists between complications 
and number of days on the  ventilator  . In total, 
7.6 % of patients experienced complications 
including arrhythmia, bacteremia, cellulitis, 
blood/systemic infection, pneumonia, respiratory 
failure, septicemia, urinary tract infections, and 
wound infections. Patients with zero ventilator 
days had a 7.1 % complication rate, patients with 
1–3 ventilator days had a 22.3 % complication 
rate, and patients with >4 ventilator days had a 
59.5 % complication rate. Pneumonia was the 
most frequent clinical complication, occurring in 
5 % of fi re/fl ame-injured patients and over 40 % 
of  patient  s with 4+ ventilator days.  Pneumonia  , 
alone, has been shown to increase burn mortality 
by 40 %, while the combination of inhalation 
injury and pneumonia leads to a 60 % increase in 
death. Children and the elderly are especially 
prone to pneumonia after burn injuries, due to 
limited physiological reserve [ 47 ,  48 ]. Duration 
of ventilation may actually be a cause of some 
complications (pneumonia). However, it is more 
likely a marker of severity of illness, and it cor-
relates with other complications that occur in 
critically  ill   patients [ 42 ]. 

  Infection   is a common problem in burn units, 
and it is thought that up to 75 % of deaths occur-
ring after the initial resuscitation period are 
attributable to infectious complications [ 5 ]. Burn 
injuries cause signifi cant  immunological stress  , 
and  wounds   are at risk of bacterial infection due 
to breakdown of the skin barrier as well as to 
alterations to innate and acquired immunity [ 5 , 
 49 ]. Methicillin-resistant  Staphylococcus aureus  
( MRSA  )    is a frequent cause of nosocomial infec-
tion in burn injuries, and their prevalence is 
increasing due to extended hospitalization and 
antibiotic therapy [ 43 ]. A 2014 retrospective 
study by DiMuzio et al. reviewed data from acute 

burn patients in a pediatric burn hospital from 
2004 to 2011 [ 50 ]. They found that the incidence 
of MRSA increased from 20 % in 2004 to 45 % 
in 2009 to 2011. The most common infectious 
organisms were  Staphylococcus aureus  (25 %), 
 Pseudomonas aeruginosa  (13 %), and  E. coli  
(6 %). The Infectious Disease Society has pub-
lished guidelines on the use of broad spectrum 
antibiotics for serious bacterial infections, and 
they recommend a susceptibility of greater than 
80 % based on the institution’s antibiogram [ 51 , 
 52 ].    With the increasing use of antibiotics, emerg-
ing multidrug-resistant bacteria outbreaks 
( MDRB  )    in burn units have become problematic. 
A systematic review by Genessay et al. in 2015 
analyzed 29 peer-reviewed articles on such out-
breaks [ 53 ]. They found that the most common 
organisms in MDRB outbreaks were  MRSA      and 
 Acinetobacter baumannii , with mortality rates 
among infected patients ranging from 0 to 33 %. 
Sixteen screening studies of staff showed carrier 
rates of 0–20 %. There was a lack of consensus 
on how to manage such outbreaks, because 
implementation of isolation precautions does not 
always suffi ce, and unit closure was necessary in 
fi ve of the outbreaks.     MDRB   infections are 
responsible for increased morbidity and mortality 
in burn patients, and management is diffi cult due 
to multifactorial transmission and limited thera-
peutic possibilities [ 51 ]. 

  Diabetics   are at particular risk for multisystem 
complications, given their alterations in vascular 
supply. McCampbell et al. reviewed data from the 
New York Presbyterian-Weill Cornell Medical 
Center from 1996 to 2000. They found that 167 
diabetics from 18 to 65 years old had a higher rate 
of full-thickness burns (51 vs. 31 %;  P  = 0.025), 
skin grafts (50 vs. 28 %;  P  = 0.01), burn-related 
procedures (57 vs. 32 %;  P  = 0.001), and infec-
tions (65 vs. 51 %;  P  = 0.05), in addition to longer 
LOS (23 vs. 12 days;  P  = 0.0001). Although there 
was no statistically signifi cant difference in inci-
dence of specifi c infections, the rates of cellulitis, 
wound infection, urinary tract infection, line infec-
tion, and osteomyelitis were consistently higher in 
the diabetic population. Scald burns were the most 
common etiology, while fl ame burns were the sec-
ond most common [ 54 ]. Another study done by 
Kimball et al. who collected data on 43 diabetic 
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patients with isolated leg or foot burns from 1999 
to 2009 showed that diabetic patients had signifi -
cantly higher burn ICU admission rates compared 
to nondiabetics with similar injuries (16.3 % of vs. 
8.5 % of patients,  P  < 0.001), total length of hospi-
tal stay (14.1 vs. 9.8 days,  P  < 0.01), and renal fail-
ure (4.7 % vs. 0.6 %,  P  < 0.05) [ 55 ]. A study in 
2013 from the University of California, Davis 
Burn Center, found 68 adult diabetic patients with 
 l  ower extremity burns. It also showed that the 
most common etiology was scald burns, and the 
patients had increased complication rates. They 
found that the majority of lower extremity burns 
resulted from intentional exposure to heat sources. 
These patients also showed increased morbidity 
and mortality [ 56 ]. The presence of diabetes and 
 peripheral neuropathy   is thought to hamper these 
 p  atients’ ability to detect injuries, and they can 
lead to a more complicated hospital course. 

 Patients with  perineal and buttock burns   are 
another group of patients with high infection 
risk, as these wounds have a contamination risk 
as well as shear stress that is always present [ 57 ]. 
Although these wounds occur infrequently (inci-
dence as low as 1.2 % in the United States popu-
lation), they are quite diffi cult to manage, and 
these patients often experience systemic infec-
tions and complications. Several studies have 
shown that one-third of patients with perineal 
injuries die  wit  hin 48 h of injury, and their over-
all mortality ranges from 25 to 50 % [ 51 – 54 ]. 
For these patients, data supports the use of pro-
phylactic ostomy, especially if the burn directly 
involves the anus. However, its use does not 
seem to affect mortality [ 57 ]. Most published 
studies  recommend   reserving the use of divert-
ing ostomies for complicated patients, but there 
are no large volume, randomized clinical trials 
[ 58 ,  59 ]. 

 Breakdown in terms of  race   showed that 
113,407 (58.6 %) of patients were white, 38,226 
(19.8 %) were black, 26,926 (13.9 %) were 
Hispanic, 8622 (4.5 %) identifi ed as other, 4743 
(2.5 %) were Asian, 1550 (0.8 %) were Native 
American, and 9.948 were identifi ed as unknown. 
Of note, nonwhite burn patients outnumbered 
white patients in ages 0–5, while white patients 
 outnumbered   nonwhite patients in all other age 
groups. 

 In the end, 86.7 % of patients who suffered 
perineal burn injuries were discharged to home, 
while 5.7 % of these patients required home 
health services. Another 2.7 % were discharged 
to a rehabilitation facility, and 2.2 % were dis-
charged to a skilled nursing facility. Finally, 
2.5 % of patients were transferred to another hos-
pital, extended care facility, another service, or to 
another acute burn facility. Only 0.4 % of these 
patients were discharged to  inpatient   psychiatry.     

          Burn Geography 

 The South and the Midwest had the highest over-
all fi re rate for the 5-year period from 2007 to 
2011, with 5.4 fi res per 1000. The South had 12.8 
average fi re deaths per 1 million people, while the 
Midwest experienced an average of 13.0 deaths 
per one million people during that period. The 
Midwest also had an average injury rate of 71.8 
for the fi ve-year period, which was 27 % higher 
than the national rate. The South had the highest 
death rates for most community sizes under 
100,999. Mississippi had the highest average fi re 
death rate at 27.5, and it was one of the top ten 
states in poverty, level of education, rural factors, 
and composite race index. When 5-year averages 
of fi re-related deaths are compared by state, cor-
relations in states with higher death rates include 
poverty, race, smoking, rural settings, and educa-
tion [ 60 ]. Colder weather during the winter, sub-
standard housing, and a lack of adequate smoke 
detectors are all thought to be risk factors for 
home fi res [ 3 ]. Racial differences in house fi re 
death rates have been shown to decrease as 
income increases, which implies that the death 
rate from fi res is an effect of economic status [ 61 ]. 

       Mobile homes have been found to carry twice 
the death rate compared to other types of hous-
ing. 65 burn patients were admitted from 2002 to 
2004. The average age of these patients was 39; 
77 % were male, 67 % were white, and 79 % 
were residents of Georgia, South Carolina, 
North Carolina, and Florida. The patients had an 
average TBSA of 21 %, 64 % had an associated 
inhalation injury, and 69 % of those patients 
required ventilator support. The average LOS per 
TBSA percentage was 1.01 days. 88 % of these 
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patients had preexisting medical comorbidities. 
74 % were smokers, 64 % were alcoholics, and 
28 % were uninsured. In 40 % of the cases, the 
cause of the fi re was unknown. In 31 %, the cause 
was accidental explosion, and 29 % were due to 
other causes. 40 % of the burns occurred between 
December and February [ 27 ]. 

 An estimated 25,000 vacant residential build-
ing fi res were reported annually in the USA from 
2010 to 2012. These accounted for 7 % of all 
residential building fi res, which resulted in 60 
deaths, 225 injuries, and $777 million in property 
loss each year [ 62 ].       Vacant residential buildings 
are rarely maintained, and they often serve as 
sites for illegal activities. The homeless popula-
tion often uses these properties as shelter, 
although there is little known about the buildings’ 
overall condition. Only 12.6 % of these struc-
tures had working smoke alarms, while only 1 % 
had automatic extinguishing systems present. 
By comparison, only 3 % of US households lack 

functional smoke alarms according to the US 
Consumer Product Safety Commission [ 63 ]. 
37 % of vacant residential fi res are intention-
ally set (37 %), while other causes include the 
presence of open fl ame (13 %), carelessness 
(11 %), other heat sources (8 %), and electrical 
 malfunction      (7 %).  

       Types of Burns 

     Flame Burns   

 Flame and fi re burns are typically associated with 
the highest risk of death and complications, when 
compared to other etiologies [ 44 ]. They result in 
the most common admission to burn centers, 
with 42.6 % of admissions in the NBR. Table  1.4  
shows common burn injuries as well as consider-
ations with these injuries. The most common 
cause is non-work-related accidents (72.6 %), 

   Table 1.4     Types   of burns—complications, treatments, considerations, and referral criteria   

 Type of burn 
 Common 
complications  Treatments  Considerations  Referral to burn center 

 Flame  Inhalation injury, 
 pneumonia   

 Partial thickness—daily 
antibiotic dressing 
changes or occlusive 
dressings (Biobrane) 
 Surgery for full-thickness 
burns and partial-
thickness burns unlikely 
to heal within 3 weeks 

 Assess for 
inhalation injury, 
consider early 
intubation if signs 
of respiratory 
distress 

 Partial thickness 
burns with 
TBSA > 10 %, burns, 
Third degree burns, 
burns involving face 
hands, feet, genitalia, 
perineum or major 
joints 

 Scald/contact burns  Cellulitis  Partial thickness—small 
blisters can be left intact 
 Wound care with daily 
antibiotic dressing 
changes or occlusive 
dressings (Biobrane) 
 Up to 40 % of grease 
burns may require 
excision and grafting 

 Children at higher 
risk of full-
thickness injury 

 Electrical burns  Pneumonia, 
wound infection, 
cellulitis 

 Aggressive wound 
exploration, early 
debridement 

 Can have very deep 
burns with muscle 
necrosis, joint 
destruction, and 
vascular thrombosis 

 All patients with 
electrical injuries 
should be referred to 
burn centers 

 Chemical Burns   Cellulitis    Removal of offending 
agent, dilution with 
high-density shower 
for 20–30 min—no 
immersion 

 Systemic toxicity 
can occur 
 Injuries often 
deeper than initially 
thought 

 All patients with 
chemical burns 
should be referred to 
burn centers 

   TBSA  total burn surface area  
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while 72.8 % occurred in the home. Work-related 
injuries accounted for 12.7 % of fl ame and fi re 
burns, and recreational fi res cause 6.6 % of these 
injuries. These types of burns are associated with 
the highest rate of complication, and the rate 
increases with age. The overall complication rate 
was found to be 16.4 %. Infants had complication 
rate of 12.8 % of complications, patients under 
20 had a 6.6–10.8 % complication rate, and those 
over 80 had a 27.8 % rate. Pneumonia was the 
most common infection, as it accounted for 
11.9 % of all complications, and it occurred in 
5.0 % of all patients. The next most common 
complications were urinary tract infections 
(3.3 %) and cellulitis (2.3 %). In all, 17.6 % of 
these patients had excisions, and 12.4 % under-
went grafting.

         Health care providers should be particularly 
vigilant for inhalation injury in patients injured by 
fl ame burns, particularly when fi res occur in 
closed spaces. Smoke inhalation has a signifi cant 
effect on morbidity and mortality of fl ame burns, 
as inhalation injury is reported in 14.9 % of these 
patients. Smoke inhalation is associated with a 
22 % mortality rate, while patients without smoke 
inhalation have a 2.8 % mortality rate. Patients 
with fl ame burns should be assessed for signs of 
inhalation injury upon initial assessment. Dyspnea, 
burns involving the oropharynx, singed hairs, and 
cough are risk factors for inhalation injury. If any 
of these signs is present, humidifi ed oxygen with a 
non-rebreathing reservoir mask at a rate of 
10–12 L/min should be administered. Patients 
with respiratory compromise or distress should be 
intubated and ventilated with 100 % oxygen. 
Since edema in the upper airways typically devel-
ops 12–24 h after the injury [ 64 ], intubation should 
be used liberally in patients with any sign of upper 
airway injury. Patients who are not intubated 
should be monitored closely with continuous 
checking of pulse oximetry and arterial blood gas-
ses to assess both oxygenation and ventilation. 

 Surgery is reserved for full-thickness burns or 
partial-thickness burns that are unlikely to heal 
within 3 weeks. As previously mentioned, 
patients with partial-thickness burns greater than 
10 % TBSA should be referred to a burn center 
for further  managemen  t [ 65 ].  

     Scald Burns      and Contact Burns 

    Scald injury is the second most common mecha-
nism of injury reported to the NBR over the last 
10 years. Eighty percent of these injuries occurred 
in the home and 94 % were classifi ed as acciden-
tal. Intentional injuries accounted for 3.9 % of 
scald injuries. Unlike fl ame burns, scald injuries 
are associated with an overall low rate of compli-
cations, and complications are mostly infectious 
in nature. Cellulitis was the most common com-
plication, occurring in 2.2 % of patients and 
accounting for 17.7 % of total complications. 
Urinary tract infection (1.4 %), pneumonia 
(0.8 %), and wound infection (08 %) were the 
next most common complications, and they 
accounted for 11.2 %, 6.6 %, and 6.4 % of com-
plications, respectively. The most common pro-
cedure these patients undergo is excisional 
debridement (18.9 %), while 12.6 % require skin 
grafts. Mortality from scald injuries correlates 
with TBSA, and the overall mortality is less than 
1 % for these types of injuries. However, mortal-
ity exceeds over 40 % in burns with TBSA >70 %. 

       A 10-year retrospective study of hot oil scalds 
from the Yorkshire Regional Burn Center showed 
an increase in the number of admissions from 
1995 to 2004, with a peak occurrence in ages 1–5 
and 30–40 age groups. TBSA of adults and chil-
dren were found to be similar (7.15 vs. 7.23 %, 
respectively), but the incidence of full-thickness 
injury in adults was twice that of children (67 % 
vs. 26 %). In the 1–6 year age group, 92 % of the 
injuries were due to pulling a handle or cord of a 
container of hot liquid [ 66 ]. 

       Contact burns make up 8.4 % of NBR entries 
in the last decade, with 75 % of these injuries 
occurring in the home. 80 % are non-work related, 
and less than 3 % are suspected to be intentional 
injuries. This group was reported to have a 7.2 % 
complication rate, with complications rising with 
age. Patients age 20–29 have a complication rate 
of 7.6 %, while those between 70 and 79 have a 
21.2 % complication rate. The most common 
complications were cellulitis (2.2 % of patients), 
UTI (1.2 %), and wound infection (0.8 %). 
Pneumonia and respiratory failure only occurred 
in 0.8 and 0.7 % of patients, respectively. 
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Contact burns had an overall mortality of 0.7 %. 
Only 10 cases with TBSA over 40 % were 
reported to the NBR in the last decade. Overall, 
19.5 % of these patients underwent excisional 
debridement, and 12.5 % required skin grafts. 

  S     cald burns secondary to grease are particu-
larly damaging, with 40 % of patients requiring at 
least one excision and grafting procedure [ 67 ]. 
Patients with partial-thickness scald burns that 
are not caused by grease can be managed conser-
vatively. Multiple studies show that conservative 
treatment with wound care is superior to early 
excision [ 68 ,  69 ]. Occlusive dressings such as 
Biobrane and amnion have been shown to have 
superior results in terms of LOS and pain for 
treatment of partial-thickness burns, and they also 
can be used in these  typ  es of burns  successfu     lly 
[ 69 – 71 ].  

     Electrical Burns   

 Electrical admissions comprise only 3.6 % of all 
reported admissions in the 2015 NBR report. 
However, these patients tend to have some of the 
most devastating and debilitating injuries. The 
majority of electrical burns occurred in the work-
place (60.8 %), while 30.8 % occurred in the 
home. Case reports of electrical injury also have 
been reported secondary to cardioversion [ 72 , 
 73 ]. Unlike fl ame, scald, and contact burns, there 
is not a linear correlation between age and risk of 
complications. Patients aged 1–2 have a 1.7 % 
complication rate, while patients 2–5 had a 1.3 % 
complication rate. Patients aged 20–29 had a 
complication rate of 13 %, which was second only 
to patients over 60 (13.5 % complication rate). 
The overall complication rate was 10.5 %, which 
is second only to fl ame burns (16.4 %). Pneumonia 
is the most common complication rate reported, at 
a rate of 2.1 % and accounting for 10 % of all 
complications. Wound infection (1.4 % of 
patients), cellulitis (1.4 %), septicemia (1.2 %), 
respiratory failure (1.1 %), and urinary tract infec-
tion (0.9 %) were the next most common compli-
cations. Of note, renal failure occurred in 0.8 % of 
these patients, and compartment syndrome 
occurred in 0.7 %. The main mechanism of elec-
trical burn damage is thought to be the abnormal 

fl ow  o  f electrons fl owing throughout the body, 
which causes heating and poration of the cellular 
membranes. Damage is secondary to increased 
transmembrane potentials induced by strong elec-
tric fi elds [ 74 ]. Injury is also produced by depolar-
ization of muscles and nerves, which initiates 
abnormal electrical rhythms in the heart and brain, 
resulting in both internal and external electrical 
burns [ 40 ]. These types of burns are diffi cult to 
manage, because quantifi cation of burn extension 
and localization of the point of  ent  ry are diffi cult 
to ascertain [ 75 ]. These patients typically have 
very deep burns with muscle necrosis, joint 
destruction, and vascular thrombosis. The upper 
and lower limbs are the main parts of the body 
affected by electrical injuries, and there is a high 
rate of hand and digit involvement [ 75 ]. The pro-
tocol for treatment during initial resuscitation of 
these patients should follow general burn man-
agement principles. The optimal management of 
these patients includes aggressive wound explora-
tion and early debridement [ 76 ]. It  is   recom-
mended that these patients be referred to burn 
centers for further management [ 65 ].  

     Chemical Burns   

 Chemical injuries accounted for 3.4 % of the data 
reported to the NBR, and they occurred most 
commonly in the home (42.9 %). 45.9 % of these 
injuries were work-related. Cellulitis was the 
most common complication, and it occurred in 
2 % of this group of patients. Wound infection 
(0.9 %), pneumonia (0.9 %), and urinary tract 
infection (0.9 %) were the next most common 
complications. Sepsis was rare after chemical 
burns, and it developed in only 0.6 % of patients. 
17.8 % of patients underwent excisional debride-
ment, and 12.8 % required skin grafting. Initial 
trauma primary and secondary assessment still 
applies to patients with chemical burns, and the 
offending agent should be removed immediately 
[ 77 ]. Copious, high-density shower should be 
done with tap water for up to 20–30 min to remove 
the chemical. Patients should not be immersed or 
placed in a tub, as this can cause spread of the 
chemical to unaffected areas. Dry chemicals 
should be brushed off before shower is initiated 
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[ 77 ]. Systemic toxicity is a concern with chemical 
burns.  Hydr  ofl uoric acid can cause hypocalcae-
mia and ventricular fi brillation [ 78 ], and formic 
acid exposure is associated with intravascular 
hemolysis, renal failure, and necrotizing pancre-
atitis [ 79 ]. Respiratory failure may also occur 
with inhalation of chemicals. It should be man-
aged similarly to smoke inhalation injuries, with 
early intubation for those patients exhibiting signs 
of respiratory distress. The extent of chemical 
burn injuries is often deeper than it seems exter-
nally, as many agents cause unusual tanning and 
have local anesthetic properties. Due to the unique 
and diffi cult nature of these injuries, it is recom-
mended that  th  ese patients be referred to burn 
centers for treatment as soon as possible [ 65 ,  80 ].  

     Intentional Burns   

 Intentional burns include both deliberately self- 
infl icted burns and assault burns. These patients 
represent a unique patient population in terms of 
clinical presentations and outcomes. A study 
from the University of Alabama at Birmingham 
by  Reilan  d et al. compared 96 patients with inten-
tional burns to all other burn injuries. The inten-
tional burn patient group had a higher mean 
TSBA (26.1 % vs. 13.8 %), a higher percentage 
of men (85.7 % vs. 55.7 %), a longer mean LOS 
(19.9 days vs. 13.2 days), a higher incidence of 
inhalational injury (20.8 % vs. 8.7 %), a higher 
rate of mortality (20.0 % vs. 9.8 %), and a higher 
likelihood of elevated blood alcohol content 
(14.6 % vs. 7 %) and positive drug screen (11.4 % 
vs. 0 %). The most common location of inten-
tional burns involved the arms and hands 
(76.0 %), the trunk (69.8 %), the head and neck 
(67.8 %), and the legs and feet (55.2 %). In all, 
64.6 % of intentional burn patients were African- 
American, compared to 29.3 % in the other burn 
group ( P  = <0.0001). 10.7 % of the intentional 
burn patients were discharged to a psychiatric 
facility (0 % in other group), while 7.1 % were 
discharged to jail (1.8 % in other group) [ 81 ]. 

    Data is contradictory when analyzing patients 
with self-infl icted burn injuries. Single-institution 
studies have shown that intentionally injured 

burn patients have higher mortality rates—up to 
double the odds of death—than do those with 
unintentional mechanisms of injury [ 82 ]. Patients 
with intentional burns also have been shown to 
have larger TBSA, longer LOS, and higher mor-
bidity and mortality [ 83 ]. A retrospective cohort 
study by Thombs et al.    reviewed data from the 
NBR from 1995 to 2005 controlled for explicitly 
matched patients with self-infl icted injuries for 
the presence of psychiatric disorder. It did not 
fi nd any statistical difference in terms of mortal-
ity, ICU LOS, or total hospitalization [ 84 ]. 
Patients with self-infl icted burns may be hesitant 
to report their injuries as self-infl icted. Studies 
have shown that up to 45 % of patients show a 
discrepancy between the reported etiology and 
appearance of the burn [ 85 ]. Patients with self- 
infl icted burns may benefi t from psychological 
evaluation and  treatmen  t.      

    Conclusion 

 Fatalities from fi res and burn injuries are not as 
prevalent as those occurring from other mecha-
nisms of injury. Mortality from burn injuries has 
improved over the past 50 years due to advance-
ments throughout the spectrum of care. 
Nevertheless, burn injuries remain a signifi cant 
source of trauma that require general surgeons 
and general plastic surgeons, as well as burn sur-
geons and burn reconstructive surgeons. While 
there are commonalities in the pathophysiology 
of burn injuries regardless of the specifi c mecha-
nism of injury, understanding the differences in 
terms of risk, natural history, and complications 
helps guide approaches to treatment, prevention, 
and triage to higher levels of care.     
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          Introduction 

 The physiologic changes that occur following a 
burn injury are both local and systemic. In the 
early decades of the 1900s, burn shock was the 
greatest threat to the survival of a burn patient; 
however, through the advancements in burn 
resuscitation, our management of shock has 
improved to the point that the management of the 
burn itself is now critical to the patients’ out-
comes. From the perspective of looking at the 
 systemic effects   of burn, one of the fi rst advance-
ments occurred due to the work of Frank 
Underhill. By studying the victims of the Rialto 
Theater fi re in 1921, he demonstrated that burn 
shock which was not properly resuscitated was 
associated with increases in hematocrit. It was 
felt that this increase occurred due to fl uid and 
electrolyte loss from the burn injury and was 
indicative of a plasma volume defi cit [ 1 ]. The 
idea that burn shock was secondary to intravascu-
lar fl uid loss was studied further by Cope and 
Moore following the Cocoanut Grove Nightclub 

fi re in 1942. They introduced the concept of burn 
edema and the replacement of fl uids using a  body 
weight- based formula   [ 2 ]. A number of other 
body weight-based formulas have been devel-
oped and are utilized in current practice and will 
be discussed further in a later chapter. 

 An understanding of both the burn and its sys-
temic effects is critical to the care of the burn- 
injured patient. The etiology of the burn can play 
an important role in determining the treatment 
and the extent and type of underlying physiologic 
derangements. Additionally, the physiology of the 
skin itself plays a role in determining the severity 
of injury, the systemic manifestations, and how 
the burn progresses. Despite technologic advances 
in many areas of burn care, clinical assessment of 
the wound remains the standard technique for 
determining burn wound size and depth. Ideally, 
someone with experience caring for burn wounds 
will perform this  assessment  . Assessment of the 
wound, its depth, and its etiology are critical, as 
these determine not only the type of treatment 
needed (surgery versus topical wound care) for 
the wound but also its healing potential. Typically 
it is accepted that burns that are going to heal 
within 2–3 weeks do so without hypertrophic 
scarring or severe functional impairment. 
However, there have been many studies that pro-
mote early  surgical excision   and split- thickness 
skin grafting as a method for improving survival 
and other outcomes from major burns [ 3 – 6 ]. The 
challenge now is determining which wounds 
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will heal within 2–3 weeks (and thus have mini-
mal scarring) and which wounds require skin 
grafting. To do this, one must have the clinical 
acumen to predict which wounds will take longer 
than 2–3 weeks to heal. 

 Beyond the local tissue injury, extensive ther-
mal injury results in derangements of the cardio-
vascular, respiratory, renal, and integumentary 
systems that interact to create the recognized 
entity of burn shock. These physiologic changes 
lead to hypovolemia through the loss of fl uid and 
protein in both the burned and non-burned tissue. 
A severe burn injury can result in signifi cant 
 hypovolemic shock  . This infl ammatory response, 
when paired with the tissue trauma, leads to the 
formation of local and systemic edema as well as 
the expression of mediators associated with 
infl ammation and trauma [ 7 – 9 ]. Even when the 
initial hypovolemia is corrected, there remains a 
signifi cant systemic infl ammatory state. The 
increases in pulmonary and systemic vascular 
resistance and decrease in myocardial contractil-
ity remain even after the hypovolemia has been 
corrected and the preload is adequate [ 10 – 13 ]. 
This dysregulation of the cardiovascular system 
can exacerbate the systemic infl ammatory 
response and lead to accelerated organ dysfunc-
tion [ 8 ,  9 ,  14 ].  

    Types of Burns 

     Flame and Flash Burns   

 Flame and fl ash burns are the most prevalent 
burns admitted to burn centers in the USA repre-
senting almost half of admissions. Flash burns 
generally occur due to the ignition of fl ammable 
gases such as natural gas, butane, propane, or 
gasoline. The vapors of these gases are signifi -
cantly denser than air (3–4 times heavier for gas-
oline, 2 times for butane, and 1.5 times for 
propane) and therefore can accumulate in 
enclosed spaces. When these gases are used inap-
propriately as a fi re accelerant or in the produc-
tion of butane hash oil, there can be an explosion 
[ 15 ]. The explosion of the highly fl ammable 
vapors leads to intense heat for a very short 

period of time. Accordingly fl ash burns tend to 
affect exposed skin that is not protected by cloth-
ing (unless the clothing itself ignites shifting a 
fl ash burn to a fl ame burn). Because of the quick 
exposure times, fl ash burns are often partial 
thickness and frequently do not require skin 
grafting, but can have high percentage total body 
surface area (%TBSA) affected (Fig.  2.1 ). Many 
fl ash burns, however, end up needing grafting. 
Additionally, they can cause upper airway burns, 
edema, and inhalation injury.

   While fl ash and fl ame burns are often com-
bined for reporting purposes, they tend to have 
very different effects. Flame burns tend to be 
deep partial thickness or full thickness because 
the duration of exposure to intense heat tends to 
be longer than that experienced during fl ash inju-
ries (Fig.  2.2 ). They tend to require surgical exci-
sion and grafting as treatment due to their depth. 
Traditionally many fl ame burns have been the 
result of house fi res; however primary prevention 
efforts aimed at the proper use of smoke detec-

  Fig. 2.1    This is a typical fl ash burn that led to well- 
demarcated burns to the forearm. The forearm was 
exposed, while the upper arm was covered with the sleeve 
of the shirt. The burn is of indeterminate depth       
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tors have been successful in reducing the number 
of these incidents. Currently the more common 
causes of fl ame burns include careless smoking, 
automobile accidents, and the ignition of cloth-
ing. Frequently a fl ammable liquid is involved 
(66 % of the time) and gasoline is the most com-
mon liquid (63 % of cases) in these burns as well 
[ 16 ]. Gasoline-related burns occur during the 
summer months and refl ect  the   increased use of 
gasoline for farming or recreation purposes (bon-
fi res, burning leaves, boating, yard work) during 
this season. The highest incidence of fl ame burns 
occurs in those aged 15–29 years, and like all 
burns, they tend to occur more commonly in men. 
The most common contributing factor in fl ame 
burn injuries is a high blood ethanol level (28 %) 
leading to 51 % of those on fi re using inappropri-
ate attempts to escape the fl ames which leads to 
deeper burns [ 17 ].

       Scald 

  Scald burn injuries   are the second most common 
cause of burns in adults in the USA and the most 
common cause of burns in children under the age 
of 4 years [ 18 ]. While burn prevention has been 
very successful for other types of burns, the inci-
dence of scalds has changed very little despite 
multiple educational programs. Liquids, grease, 

or steam can cause scald burns. Scalds caused by 
liquids or grease can be further divided into spill 
and immersion scalds. Most scalds are fi rst- or 
second-degree burns, but third-degree burns can 
result, especially with prolonged contact 
(Fig.  2.3 ). The depth of the scald burn depends on 
the temperature of the liquid or steam, the thick-
ness of the skin, and the duration of contact 
(which is somewhat determined by the viscosity 
of the liquid). The hotter the liquid, the shorter 
the contact time is needed to cause the same 
depth burn. For example, at 140 °F (60 °C), water 
causes a third-degree burn in 5 s, but when the 
temperature is increased 156 °F (69 °C), a similar 
burn will occur in 1 s. At 120 °F (49 °C), it would 

  Fig. 2.2    This is a typical deep fl ame 
that was the result of a self- 
immolation with gasoline       

  Fig. 2.3    This is a deep scald burn to a hand that was 
dipped into hot water       
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take 10 min of exposure to liquid to create a 
third-degree burn. Liquids that are thicker in con-
sistency, such as soups or sauces, and therefore 
stay in contact with the skin longer, cause deeper 
burns. As opposed to fl ash and fl ame burns, areas 
exposed to hot liquids tend to sustain more shal-
low burns than clothed areas. Clothing holds the 
heat and keeps it in contact with the skin longer. 
As length of contact is critical in determining the 
depth of burn in scald injuries, immersion scalds 
are more often deeper than a spill scald with liq-
uid at the same temperature [ 19 ,  20 ].

   The treatment of scald burns also depends on 
the type of liquid that scalds the patient. Burns 
that are caused by grease and hot oil are generally 
deeper and are often full thickness. The most 
common scenario for sustaining grease burns is 
when a patient attempts to carry a burning pan of 
oil out of the house rather than putting a lid on the 
pan to extinguish the fi re. This leads to a recog-
nizable injury pattern where patients present with 
burns to either a single hand or the wrist (which 
is actually a fl ame burn) or more diffusely if the 
pan is dropped or the patient slips on the oil and 
falls [ 21 ]. Grease or oil burns require excision 
and grafting in 30–40 % of patients [ 22 ]. Tar and 
asphalt burns  are   another special type of scald 
injury. These burns are often deep, but the depth 
of the burn cannot be fully assessed until the tar 
is removed. Unfortunately tar is not easily 
removed from the patient and special consider-
ation must be given to its removal. Tar can be 
removed by application of a petroleum-based 
ointment (such as bacitracin). This ointment is 
placed under a dressing and is changed every 
2–4 h until the tar has dissolved. 

 The most signifi cant scald injuries tend to 
occur in patients who cannot feel or perceive the 
discomfort of prolonged immersion (diabetics 
soaking their feet in hot water) or in patients who 
are not capable of escaping the hot water (young 
children, the elderly, or people with cognitive or 
physical disabilities that limit their ability to 
function independently). Because this latter 
group is an extremely vulnerable group, there is 
always a concern for non-accidental injury when 
they sustain scald injuries [ 23 ]. One must be cog-

nizant of the risk for non-accidental burn and 
consider whether the story matches the pattern of 
injuries and look for patterns of burns that are 
suggestive of abuse even if the story of burn is 
plausible. These include circumferential extrem-
ity injuries and symmetrical burns to the buttocks 
and perineum (see Chap.   23    ). It is best to involve 
a burn surgeon if abuse is suspected given their 
experience with burn distribution and etiologies. 

 Scald burns are often partial thickness and can 
be managed nonoperatively if it is thought that 
they will heal within 10–14 days. Deep burns 
should be treated with excision and autografting 
early. Burns that are intermediate between super-
fi cial and deep should be excised and grafted 
whenever it becomes clear that they will not heal 
with local wound therapy in 2–3 weeks. This 
strategy was confi rmed by Desai et al. [ 24 ] who 
compared children with large scald burns (greater 
than 25 % TBSA) that were either excised early 
(within 72 h) or after 2 weeks post injury. The 
children in the latter group were found to require 
excision of signifi cantly smaller areas, and half 
of these delayed patients achieved reepithelial-
ization without surgery. The ultimate decision 
depends on the likelihood of scarring. Small 
grafts in the middle of large healed areas are 
often more unsightly than healed burns with 
small scars.  

    Contact 

  Contact burns   are the result of physical contact 
with a hot object. Common objects that cause 
contact burns are cigarettes, heaters, fi replaces, 
stoves, ovens, irons, exhaust pipes, soldering 
equipment, industrial equipment, and hot coals. 
These burns are generally small in size, but can 
be full thickness (Fig.  2.4 ). As with scald burns, 
the depth of contact burns can be predicted based 
on the temperature of the object that is contacted 
and the duration of the contact. Additionally, the 
situation surrounding the contact burn must 
be considered because there can be associated 
injuries which infl uence both the depth of 
the burn wound and concomitant resuscitation. 
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For example, a contact burn sustained in an 
industrial setting might involve contact with hot, 
heavy objects leading to deep full-thickness 
burns and crush injury. In these patients, the 
 physician must anticipate the possibility of myo-
necrosis and  myoglobinuria and alter their resus-
citative efforts to account for this by increasing 
the amount of fl uid given and targeting a higher 
urine output. Similarly burns sustained from 
contact with engine blocks after car crashes tend 
to be deeper than perceived and require signifi -
cant excision and often require fl aps for cover-
age [ 25 ]. Contact burns in children most often 
involve the palm and fi ngers. These tend to occur 
when toddlers put their hands on a hot object 
such as a woodstove, fi replace door, iron, or 
oven door [ 26 ]. Young children tend to freeze 
when in contact with a hot surface so the dura-
tion of contact is longer than for adults whose 
normal refl ex is to immediately pull away. These 
wounds are often of intermediate depth and heal 
within 2–3 weeks, and while they require wound 
care and hand therapy, they do not require sur-
gery if they heal in 2–3 weeks. Burns to palms 
that are deeper, especially in toddlers, are at risk 
of developing contractures and therefore require 
excision and grafting. Small hand burns are 
often treated with full-thickness skin grafts, but 
larger burns can be treated with split-thickness 
skin grafts with good cosmetic and functional 
outcomes [ 27 ,  28 ].

       Electrical 

 An electrical burn results from the passage of 
electricity through the body with  high-intensity 
heat   generated as the patient becomes an inadver-
tent resistor. Electrical burns comprise only a 
small percentage of admissions to major burn 
centers (5–7 %) [ 29 – 31 ], but they may be the 
most devastating of all thermal injuries on a size- 
for- size basis as they involve both the skin and 
deeper tissues (Fig.  2.5 ). These injuries cause 
approximately 1,000 deaths per year in the 
USA. This results in a mortality rate of 3–5 % 
[ 32 ]. Burn injury due to electrical sources has 
three potential components. The fi rst is a true 
electrical injury caused by current fl ow. Injuries 
can occur due to contact with either high- or low- 
voltage energy sources. Secondly injuries can 
result from the electrical fl ash (arc), which is 
generated as superheated ionized air fl ashes from 
the source to an object. These brief exposures to 
heat often result in burns that behave and are 
treated in much the same way as other fl ash 
burns. Finally, a fl ame injury can result from the 
 ignition   of clothes or the surrounding structures. 
These injuries are generally treated as any other 
fl ame burn would be treated. Electrical burns of 
all varieties have preponderance for affecting 
young working men employed as power com-
pany linemen, electricians, construction workers, 
laborers, and crane operators [ 33 ].

  Fig. 2.4    ( a ) This is a typical contact burn of a leg being 
held against a hot engine block after a car crash. ( b ) With 
excision, it can be seen that this burn was a combination 

of crush and contact with the hot metal. These burns are 
often very severe       
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   The severity of electrical burns is dependent 
upon the voltage, current, type of current (alter-
nating or direct), duration of contact, and resis-
tance at the point of contact. Injuries caused by 
<1000 V are considered low voltage, while those 
caused by sources that are 1000 V or higher are 
considered high voltage. In general low-voltage 
injuries are localized and more superfi cial, while 
 high-voltage injuries   are associated with greater 
deep tissue injury [ 34 ]. In the USA, indoor wiring 
operates on an alternating current at 120 V, and as 
such most injuries are low voltage except in spe-
cialized industrial settings or incidents involving 
high-voltage electrical lines. Low- voltage injuries 
rarely cause signifi cant tissue damage. They often 
present with small deep thermal burns at the con-
tact points. The one special situation in which a 
low-voltage injury can cause signifi cant injury is 
when a child chews on an active electrical con-
nection [ 35 ]. The moisture in the child’s mouth 
completes the circuit and causes severe burns 
inside the mouth and on the lips. If these burns 
involve the oral commissure, they are at high risk 
for late contracture and need to be followed 
closely with aggressive OT, splinting, and stretch-
ing regimen (Fig.  2.6 ) [ 36 ,  37 ]. High-voltage inju-
ries tend to cause more deep tissue injury. These 
injuries often hide extensive deep tissue destruc-
tion underneath external wounds that are rela-
tively small. Most high- voltage electrical burns 
are work related involving construction workers, 
linemen, utility, and electrical workers.

   With respect to current, the vast majority 
(~99 %) in the USA is alternating current, which 
reverses its polarity 120 times per second. Due to 
this fact, half of the time is spent positive with 
respect to ground and one-half is spent negative 
so one does not know whether a given point on 
the body contacted the wire or the ground making 
the terms “entrance” and “exit” wounds no lon-
ger appropriate. “Entrance” and “exit” have now 
been replaced by the term “contact points.” 
Additionally alternating current causes  tetanic 
muscle contractions  . This can result in either 
throwing the patient away from the contact or 
drawing them into continued contact with the 
source of electricity. This inability to let go of the 
electricity source increases injury severity 
because of prolonged contact time [ 38 ]. 

  Fig. 2.5    There are two views of a classic high-voltage 
electrical burn to a hand. In ( a ), the contact with the wire 
on the palm can be seen. The current also affected the 

forearm. The hand is in the classic fi xed and fl exed posi-
tion ( b ). The hand was ultimately amputated       

  Fig. 2.6    This child sustained a typical commissure burn 
that resulted from chewing an electric cord. This small 
burn is quite disfi guring       
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  Resistance   is also critical to determining the 
extent of injury in electrical burns. At the level of 
the skin, high resistance is protective, but within 
the body, areas of increased resistance are at 
increased risk. Areas of dry calloused skin are 
partially protective as they have twice the resis-
tance of normal skin and fi ve times the resistance 
of wet skin. In the body the tissue resistance is 
lowest in the nerves and highest in the fat and 
bone. While in theory the current would be dis-
tributed in proportion to resistance throughout 
the body, this has not been seen to be the case in 
animal models. These models have shown that 
the body acts as a single uniform resistor rather 
than a collection of separate resistors [ 39 ]. 
However, as electricity travels through the body, 
the electrical injury is converted to heat. This 
results in deep muscle necrosis adjacent to the 
bone as these areas have the highest resistance 
and retain the most heat. This is especially true 
in the periosseous tissues between two bones 
such as the radius and ulna or the tibia and fi bula 
[ 40 ,  41 ]. The increased retention of heat as well 
as the fact that there is less surface area for dis-
sipation makes these areas particularly sensitive. 
In fact, the severity of injury is often inversely 
proportional to the cross-sectional area of the 
body part which is involved because of these 
factors. This leads to more destruction of the fi n-
gers, hands, forearms, ankles, and feet, while the 
damage has been traditionally thought to be less 
to the trunk and abdomen unless the injury is 
directly to those areas [ 42 – 44 ]. It has also been 
felt that the internal solid organs are generally 
preserved and protected from damage but recent 
animal studies suggest that this may not be the 
case. A recent study using a rabbit model of elec-
trical injury found that there was severe injury to 
blood vessels and necrosis of vascular walls, 
which led to severe progressive muscular necro-
sis during the 72 h following injury. Additionally, 
they noted that there was evidence of injury 
to solid organs remote from the contact points 
such as the heart, lung, liver, and kidney [ 45 ]. 
This high-energy model does not refl ect the 
 clinical situation where major organs are 
rarely damaged. 

 When it comes to treating patients who have 
sustained electrical injuries, it is important to 
remember that they differ from other burn 
patients in likelihood of two important complica-
tions of burn injury: fl uid resuscitation and need 
for  fasciotomies  . First, patients who sustain elec-
trical injuries require increased amounts of fl uid 
resuscitation per percent burn due to the myoglo-
binuria and acidosis secondary to the muscle 
destruction. If the increased fl uid resuscitation 
fails, then fasciotomy, debridement, or amputa-
tion must be considered. Regardless of the devel-
opment of  myoglobinuria  , these patients often 
require fasciotomies early in their hospitaliza-
tions due to tissue swelling and compartment 
syndrome. Due to the risk for compartment syn-
drome, affected extremities must be monitored 
closely. Fasciotomy is indicated for any sign of 
progressive peripheral neuropathy. If patients do 
not require immediate debridement, then a defi ni-
tive operation can be postponed till post injury 
day 3–5. This allows debridement to take place 
before bacterial contamination but after the areas 
of deep necrosis are fully delineated [ 46 ,  47 ].  

    Chemical 

  Chemical burns   are the result of chemicals con-
tacting the skin. Many chemicals have the poten-
tial to cause damage to the skin and these injuries 
are relatively common. The  American 
Association of Poison Control Centers (AAPCC)   
 National Poison Data System (NPDS)   2013 
annual report demonstrated 199,838 cases of 
exposure to cosmetic/personal care products; 
196,183 household cleaning substances; 85,033 
pesticides; and 33,081 hydrocarbons [ 48 ]. While 
these numbers have decreased somewhat over the 
last decade, there are still a signifi cant number of 
exposures. Although chemical burns comprise 
only 3 % of all burns, they are responsible for 
almost 30 % of burn deaths. The majority of 
these deaths are the result of the ingestion of 
chemical substances [ 49 ]. In addition to inges-
tions, the most common sites of injury are the 
face, eyes, and extremities. Like electrical burns, 
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chemical burns often occur on the job, especially 
in industrial settings; however they can result 
from contact with chemicals in the home as well. 
They often result from inadvertent contact with 
hazardous chemicals, cleaners, or solvents, but 
they can result from an assault. Usually these 
burns are caused by strong acids or alkalis. 
Unlike other burns where time of contact is 
 usually limited, that is not always the case with 
chemical burns. The factors that contribute to the 
severity of a chemical burn are the concentration 
of the chemical, the quantity of chemical, the 
manner and duration of contact, mechanism of 
action of the chemical, and phase of the chemical 
agent (liquid, solid, or gas). The various mecha-
nisms of action include reduction, oxidation, cor-
rosion, protoplasmic poisoning, vesicants, and 
desiccants described in Chap.   16     [ 50 ]. Chemicals 
continue to cause damage to the skin until they 
are diluted by the fl ushing of the skin or inacti-
vated by a reaction with the tissue. Burns that are 
caused by acid are generally less severe than 
those caused by an alkaline substance. Acids 
cause coagulation necrosis and precipitation of 
proteins that “tan” the skin which limit further 
penetration into the deeper tissues. Burns that are 
secondary to alkaline compounds lead to lique-
factive necrosis of the cutaneous and subcutane-
ous lipids that leads to the destruction of deeper 
tissues [ 51 ]. Chemical burns can appear decep-
tively superfi cial as they may only be a brownish 
discoloration of the skin, but they are often deep 
dermal or full thickness. An example of this is 
burns caused by wet cement (calcium oxide 
[CaO]). These burns do not become symptomatic 
for hours after contact, and often by the time they 
seek medical attention, the wounds are so deep 
that they require skin grafting [ 52 – 54 ]. 

 The initial management of all chemical burns 
is dilution of the chemical with copious water for 
15–20 min. In the ideal situation, this would 
occur at the scene of the incident, prior to trans-
port to the healthcare facility. In fact, almost all 
industrial and laboratory workplaces now have 
showers and areas for eye wash that facilitate the 
dilution of chemicals from the skin and eyes 
should an incident occur. The only exception 

to the use of irrigation as treatment is those 
chemicals, which  are   powders. Powdered chemi-
cals, such as dry concrete, cement, and sodium 
hydroxide, should be brushed off of the skin prior 
to the utilization of irrigation. Although at fi rst it 
might seem like a good idea to neutralize the 
alkali with acid or the other way around, but this 
is contraindicated. When you attempt to neutral-
ize either an acid or an alkali, this can induce an 
exothermic reaction that can lead to a thermal 
injury on top of the chemical injury. While most 
chemical burns are treated with dilution followed 
by excision and skin grafting if necessary, some 
chemicals have specifi c treatment algorithms. 
The treatments of burns caused by specifi c chem-
icals are addressed in Chap.   16    .  

    Frostbite 

  Frostbite   (covered in detail in Chap.   17    ) is consid-
ered similar to a burn wound in terms of its infl am-
matory response [ 55 ]. In fact investigators 
hypothesize that frostbite follows Jackson’s model 
for burn wounds which will be discussed later in 
this chapter [ 56 ]. Frostbite results when local tis-
sue temperatures fall below freezing. There are 
two pathophysiologic mechanisms that lead to tis-
sue damage in frostbite. First, there is direct cel-
lular damage that occurs due to cold insult 
[ 57 – 60 ]. Pathologically it is noted by the forma-
tion of extracellular and intracellular ice crystals 
which lead to direct injury to the cell membrane. 
This results in water leaving the cell and cellular 
dehydration due to a change in the osmotic gradi-
ent [ 61 ]. This in turn results in a change to the 
lipid and protein conformations and alters the bio-
chemical cellular processes that maintain homeo-
stasis [ 61 – 65 ]. The rate of cooling infl uences the 
timing and the extent of the development of extra-
cellular and intracellular ice crystals. Faster cool-
ing leads to the development of intracellular ice 
crystals and more severe cell damage. When cool-
ing occurs more slowly, there is an increase in 
extracellular ice crystal formation. Eventually, as 
the temperature drops, the intracellular crystals 
develop irrespective of the rate of cooling. 
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 The second mechanism of injury in frostbite is 
progressive tissue ischemia. Tissue ischemia 
results from microvascular pathophysiology.  A 
  number of processes were identifi ed that lead to 
these microcirculatory changes. There appears to 
be a transient vasoconstriction of arteriole and 
venules, which leads to concomitant microem-
boli [ 66 ]. The venules are more profoundly 
affected than the arterioles most likely due to low 
fl ow and the role of stasis in the pathophysiologic 
process of frostbite [ 67 ]. When thawing occurs 
the blood fl ow is restored to the capillaries, but 
then the blood fl ow subsequently diminishes 
within minutes. Within 20 min of rewarming, the 
blood fl ow completely stops. A similar process is 
observed in models of random skin fl aps after 
reperfusion. It is believed that this occurs second-
ary to reactive oxygen species [ 68 ]. Seventy-
two hours following restoration of blood fl ow, 
there is a signifi cant loss of the endothelial lining 
and fi brin deposition in the capillary beds. 
Examination of the endothelium reveals swell-
ing, fl uid extravasation, and endothelial cell 
 dilation [ 69 ].   

    Determinants of Burn Severity 

    Skin Biology 

 The skin is the largest organ of  the   human body 
comprising a surface area of almost 2 m 2 . It is 
composed of three layers: the epidermis, the der-
mis, and the subcutaneous fat. The epidermis is 
the thin, tough, outer layer of the skin. It varies in 
thickness throughout different areas of the body. 
At its thinnest it is 0.05 mm on the eyelids and as 
thick as 1 mm on the soles of the feet [ 70 ]. The 
epidermis is derived from ectoderm. It is mainly 
composed of keratinocytes. Keratinocytes begin 
their life cycle at the basal layer of the epidermis 
and then migrate to the surface over 2–4 weeks 
[ 71 ]. The outer layers of the epidermis are divided 
into the stratum spinosum, the stratum granulo-
sum, the stratum lucidum, and the stratum cor-
neum (see Chap.   8    ). Keratinocytes lose their 
nuclei in the stratum lucidum and by the time 

they reach the stratum corneum they are fl attened 
dead cells. The other two cell types in the epider-
mis are melanocytes, which produce melanin 
pigment that serves as a protection against ultra-
violet radiation and Langerhans cells which are 
responsible for phagocytosis and antigen presen-
tation. Burn wounds that are confi ned to the epi-
dermis will heal without surgery or scarring. The 
 keratinocytes   that proliferate to heal an epidermal 
wound originate from the basal layer of the epi-
dermis as well as from the dermal appendages 
(hair follicles and sweat glands). Even wounds 
that only involve the epidermis can have perma-
nent pigment changes due to the depletion of 
melanocytes after injury which regenerated more 
slowly and less predictably than keratinocytes 
[ 72 ,  73 ]. Deeper burns tend to have more pigment 
problems than those that are more superfi cial. 

 The epidermis is connected to the  dermis   in 
the basement membrane zone through the epider-
mal projections called rete ridges that interdigi-
tate with the dermal papillae. The dermal–epidermal 
junction is stabilized by the keratinocyte-derived 
collagen VII anchoring fi brils that extend into the 
dermis [ 74 ,  75 ]. When the skin is burned to the 
level of the dermal–epidermal junction or deeper, 
then the anchoring fi brils are damaged. These 
structures often take longer to regenerate and for 
the dermal–epidermal junction to fully mature 
(on the order of weeks to months) than the over-
lying keratinocytes. In addition, it takes time for 
the rete pegs to redevelop. Because of this, even 
seemingly minor insults to newly healed skin can 
lead to shearing, blistering, and epidermal loss. 

 The majority of the skin’s thickness is made up 
of the dermis. Its thickness varies with age, gen-
der, and body location. The dermis is a thick layer 
of fi brous and elastic tissue. The dermis is derived 
from mesoderm and is divided into the papillary 
dermis which is superfi cial and the reticular der-
mis which is the deeper layer. The principal cell 
of the dermis is the fi broblast which synthesizes 
both collagen and elastin. The majority of the 
structure of the dermis is provided by collagen 
fi bers that are organized to provide stretching and 
tensile strength [ 76 ]. The elastin fi bers provide 
the elastic recoil of the skin. The nonfi brous com-
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ponents of the dermis are called ground sub-
stance.  Glycosaminoglycans   are its main 
components, and it functions to maintain the 
semifl uid matrix of the dermis and to regulate cel-
lular cross talk [ 77 ]. Running through the matrix 
of the dermis are the dermal plexus of capillary 
vessels, sensory nerves, and adnexal structures of 
the skin. The adnexal structures include the sweat 
glands, sebaceous glands, and hair follicles which 
originate in the dermis and traverse the epidermis. 
   These structures are lined with epidermal kerati-
nocytes. Due to this lining of keratinocytes, the 
adnexal structures provide the epithelial cells 
necessary for reepithelialization after a partial 
dermal burn injury. The blood vessels of the der-
mal plexus aid in the healing of the wound by 
delivering the necessary nutrients to the cellular 
structures of the dermis and epidermis. Finally, 
the sensory nerves are also affected when the der-
mis is injured. During the healing process, they 
serve to mediate pain and itching and modulate 
infl ammation and contribute to the remodeling 
phase of wound healing [ 78 ,  79 ]. Unfortunately, 
burn wounds that involve the entire dermis heal 
through fi brosis rather than regeneration. This 
fi brosis, in turn, leads to scarring. 

 The third layer of the skin is the subcutaneous 
fat layer that lies below the dermis. It serves to 

insulate the body and provide protective padding, 
and it serves as an energy storage area. This layer 
also varies in thickness between individuals and 
between different areas of the body, e.g., fat on 
the eyelids is extremely thin, while it is thicker on 
the abdomen and buttocks. The functions of the 
skin are protection from the external environ-
ment, thermal regulation, sensation, and endo-
crine functions.   

    Zones of Burn Injury 

 When the skin is injured by a thermal injury, 
there is damage at the cellular level that leads to 
denaturation of proteins, loss of the integrity of 
the plasma membrane, and necrosis. This necro-
sis is the worst at the center of the wound and 
becomes less severe at the periphery of the 
wound. It was this observation that led to 
Jackson’s description of the three zones of injury 
in 1953 which remains the conceptual model of 
burn injury even today [ 56 ]. The three zones of 
the burn wound are  coagulation ,  stasis , and 
 hyperemia  (Fig.  2.7 ).

   The   zone of coagulation    is the area of the most 
severe cellular damage at the center of the wound. 
This is the region where there are no viable cells 

Zone of
coagulation

Zone of
stasis

Zone of
hyperemia

Epidermis

Dermis

Fat

  Fig. 2.7    This is a 
cartoon of the classic 
zones of a burn. The 
  zone of coagulation    
contains the dead 
“eschar” that results 
from the heat of the 
injury. The  zone of stasis  
contains capillaries that 
are jammed with 
leukocytes trying to 
enter the wound. This 
zone is at risk for 
necrosis with poor 
perfusion. The outer 
zone, the   zone of 
hyperemia   , is hyperemic 
because of vasodilation       
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remaining. As there are no remaining viable cells 
in this zone, its outcome is not affected by resus-
citation or local wound care. The  zone of stasis  
surrounds the  zone of coagulation . The  zone of 
stasis  is composed of both viable and nonviable 
cells. The nonviable cells in this zone are either 
apoptotic or necrotic as a result of oxidative 
stress, infl ammation, and decreased blood fl ow 
due to microthrombus formation [ 80 ]. This is the 
area that is vulnerable to low fl ow states and its 
outcome depends on proper medical care. The 
capillaries “clog” with leukocytes and debris to 
create a “traffi c jam” that slows blood fl ow. 
Persistent stasis will lead to an increased risk of 
thrombosis. With inadequate wound care and 
resuscitation, this area will be exposed to hypo-
perfusion, edema, or infection and will progress 
to necrosis. Healthcare providers need to ensure 
the patient is properly resuscitated and avoid 
vasoconstrictors when possible to minimize burn 
depth progression [ 81 ,  82 ]. Wound care should 
consist of topical antibiotics and non-desiccating 
dressings to prevent further damage to the zone 
of stasis [ 83 – 85 ]. Additionally, patient factors 
such as advanced age, diabetes, or other chronic 
illnesses may contribute to worse outcomes for 
the zone of stasis. However, with proper care, the 
damage to this area is reversible as it is repopu-
lated with viable cells. The outermost zone of a 
burn wound is the   zone of hyperemia   . This zone 
contains viable cells and is hyperemic due to 
local infl ammatory-mediated vasodilation. This 
tissue will recover completely unless it is com-
promised by infection or hypoperfusion.  

    Determination of Burn Depth 

    Clinical Observation 

 Determination of burn wound depth is critical to 
determining the  treatment approach   for each 
patient. Burn wounds are classifi ed as fi rst degree 
(superfi cial burns), second degree (superfi cial 
dermal burns and deep dermal burns), third 
degree (full-thickness burns), and fourth degree 
(involving underlying structures such as the mus-
cle or bone) (see Chap.   8    ). The traditional manner 

of determining burn depth is through clinical 
observation. Burn injury can involve the 
 epidermis, the epidermis and the dermis, or may 
even affect the underlying subcutaneous fat, mus-
cles, and bones [ 86 ]. First-degree burns (or super-
fi cial burns) only affect the epidermis. They are 
erythematous and extremely painful. As they 
only affect the epidermis and the keratinocyte-
derived collagen VII anchoring fi brils between 
the dermis and the epidermis remain intact, there 
is no blister formation. Sunburns are a classic 
example of a fi rst-degree, superfi cial burn affect-
ing only the epidermis. These burns heal over the 
course of 3–5 days as the dead dermis sloughs 
and is replaced by new keratinocytes. 

  Second-degree burns   extend into the dermis 
and are classifi ed as either superfi cial dermal burns 
or deep dermal burns. Superfi cial dermal burns 
involve the epidermis and the papillary dermis. 
They are characterized by blister formation. 
Blisters may not form immediately following the 
injury and burns that are initially thought to be 
superfi cial may actually be superfi cial dermal inju-
ries [ 4 ]. When the blister is debrided from a super-
fi cial dermal burn, the underlying wound is pink, 
but blanch to touch and also moist. It is also hyper-
sensitive to touch making exposure to air and 
wound care extremely painful. The dermis in these 
injuries has increased blood fl ow due to  vasodila-
tion  . Generally if treated appropriately, superfi cial 
dermal burns do not require an operation and heal 
on their own in 2–3 weeks with minimal risk of 
scarring. Deep dermal burns extend beyond the 
papillary dermis to the reticular dermis. These 
burns also develop blisters, but when the blisters 
are removed, the underlying wound surface 
appears mottled, pink, and white. This appearance 
occurs immediately following an injury. When 
pressure is applied to these wounds, the capillaries 
refi ll slowly. Deep partial- thickness wounds are 
characterized by discomfort rather than pain and 
have decreased sensation compared to the sur-
rounding tissue. The management decisions for 
these wounds can be diffi cult because they are on 
the cusp of being full- thickness wounds. These 
wounds may or may not heal within 3 weeks and 
the differential between healing and not may only 
be a few tenths of a millimeter. These burns require 
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serial assessment over the course of days. Even in 
the hands of an experienced surgeon, decisions 
about indeterminate deep dermal burns are only 
accurate 50–70 % of the time [ 87 – 89 ]. Those that 
do not heal in 3 weeks should be excised and skin 
grafted. 

  Third-degree burns   are full-thickness injuries. 
They involve the epidermis and dermis and 
extend into the subcutaneous tissue. These 
wounds are fi rm and leathery. Some appear 
charred as well. The wounds that are not charred 
can be deceptive in appearance because they may 
also appear pink and mottled. However, unlike 
deep dermal wounds, full-thickness wounds do 
not blanch on pressure. They have decreased sen-
sation to light touch and pain. In order to speed 
recovery and prevent infection and hypertrophic 
scarring, these wounds need to be excised and 
skin grafted early in their hospital course.  

    Adjuncts to Clinical Evaluation 

  Clinical determination   of burn wound depth is not 
precise. In fact, clinical assessment of wound 
depth for all burn depths is 50–70 % accurate in 
the hands of senior burn surgeons [ 90 ]. This has 
led, over the last 80 years, to an intense search for 
a more precise method for determining burn 
wound depth, especially since it has been shown 
that patients benefi t from early excision [ 90 – 92 ]. 
The ability to determine earlier which patients 
require excision would allow more patients to 
undergo early excision and skin grafting. Multiple 
modalities have been developed with this aim 
including thermography, photometry, nuclear 
imaging, pulse-echo ultrasound, and serial tissue 
biopsy. Each of these techniques attempts to take 
advantage of a different aspect of the changes in 
the burn wound. Serial biopsy, ultrasound, and 
vital dyes attempt to detect dead cells or dena-
tured collagen [ 56 ,  93 – 96 ], while fl uorescein, 
laser Doppler imaging, and thermography detect 
the altered blood fl ow of the wound to determine 
burn wound depth [ 97 – 99 ]. MRI attempts to 
detect physical changes such as edema [ 100 ]. One 
of the more recent techniques to show promise is 
noncontact laser Doppler imaging for burns that 

are of indeterminate thickness [ 90 ,  101 ,  102 ]. 
Noncontact laser Doppler has the advantage over 
some other adjunct methods for burn wound 
depth determination in that it is well tolerated by 
patients because it is held at a distance from the 
wound and does not exert pressure on the wound 
and can be used for serial measurements so that 
dynamic changes to the wound bed perfusion can 
be seen. To date none of these techniques has sup-
planted serial clinical assessment by an experi-
enced clinician as the standard of care.   

    Systemic Responses to Burn Injury 

    Edema Formation in  Acute Burn 
Injury   

 When a burn injury occurs, there is extravasation 
of the plasma into the burn wound. The move-
ment of fl uid to the extracellular space leads to 
hypovolemia and the consequent hemodynamic 
changes including decreases in plasma volume, 
cardiac output, and urine output with concomi-
tant increase in systemic vascular resistance [ 7 , 
 9 ,  103 – 105 ]. The primary goal in these situations 
is to restore intravascular volume and maintain 
tissue perfusion. This is not an easy task in the 
burn patient as there is the formation of extensive 
burn wound edema but also the extravasation and 
sequestration of fl uid and protein in non-burned 
organs and soft tissues. Burn patients require 
large volumes of fl uid resuscitation to maintain 
vascular volume during the initial hours follow-
ing injury and it often takes 24–36 h before the 
goal of returning to a normal blood volume can 
be achieved [ 106 ]. Resuscitation is covered in 
Chap.   5    . 

 Edema develops when the vascular fl uid 
extravasates out of the microvessels at a rate that 
is faster than can be resorbed by the lymphatics 
draining the tissues. In extensive burns, edema 
follows a biphasic pattern where there is an 
immediate increase in the water content of the 
burn tissue within the fi rst hour following injury 
[ 104 ,  107 ]. This initial edema formation within 
the burned tissue is extremely rapid in onset. 
In fact the tissue water content can double within 

K. Romanowski

tpham94@uw.edu

http://dx.doi.org/10.1007/978-3-319-29161-1_5


27

the fi rst hour after the injury [ 104 ,  108 ]. Leape 
found a 70–80 % increase in the water content of 
a full-thickness burn wound within the fi rst 
30 min after burn injury, with 90 % of this change 
occurring in the fi rst 5 min [ 105 ,  109 ,  110 ]. 
Without resuscitation there was only a modest 
increase in burn wound water content.    However, 
in resuscitated animals, adequate tissue perfusion 
continues to “feed” the edema for several hours. 
This extraneous fl uid leads to the second phase of 
burn tissue edema which is a more gradual 
increase in fl uid into the burn tissue and the non- 
burned soft tissue during the fi rst 12–24 h follow-
ing injury [ 8 ,  107 ]. The quantity of edema that 
forms is related to type and extent of injury, and 
on whether fl uid resuscitation is provided, as well 
as the type and volume of fl uid administered 
[ 104 ,  111 ,  112 ]. If vascular losses are not 
replaced, then the edema is self-limited as the tis-
sue blood fl ow and capillary pressure decrease; 
however this causes other systemic issues. 

    Edema in  Non-burned Tissue   
 In addition to the edema that develops within the 
burn injury, there is generalized edema that devel-
ops in the non-burned soft tissues when a patient 
sustains a burn injury. It has been reported that 
there is increased water content in non- burned 
skin even after as small as a 10 % burn with the 
peak of this edema occurring in the 12 h post 
injury [ 113 ]. Arturson reported an increased trans-
capillary lymph fl ow from non-burned tissue and 
a transient increase in permeability of vessels in 
these, as measured by an increase in the lymph 
concentration of the plasma [ 104 ,  108 ,  114 ]. 
Harms et al. [ 115 ] measured changes in lymph 
fl ow and protein transport in non-injured soft tis-
sue for 3 days following injury and found that skin 
and muscle permeability were elevated for up to 
12 h post burn for molecules the size of albumin 
and immunoglobulin G, but the microvascular 
permeability of the lung showed no increase. 
Severe hypoproteinemia correlates with increased 
lymph fl ow and tissue water content during the 
early resuscitation period and is also likely related 
to the sustained increase in water content and 
 elevated lymph fl ow after the return of normal 
vascular permeability [ 9 ,  107 – 109 ,  115 ,  116 ]. 

Non-burn soft tissue edema can be ameliorated by 
the infusion of nonprotein colloids or the protein 
albumin, but it is unclear if either of these leads to 
an improvement in clinical outcomes [ 9 ,  117 , 
 118 ]. In an effort to prevent edema, the use of 
hypertonic saline formulations as initial fl uid ther-
apies for burn shock has been studied. It has 
been shown that hypertonic saline can greatly 
reduce initial volume requirements [ 119 ,  120 ]. 
Unfortunately this  is   accompanied by a rebound 
increase in fl uid requirements [ 116 ,  119 ]. 
Retrospective studies looking at correcting hypo-
proteinemia with early albumin use showed sig-
nifi cant volume sparing during the fi rst postburn 
day, but after 48 h, the effect is less apparent [ 121 ].  

    Edema in  Muscle   and the Nervous 
System 
 In addition to the changes seen in the burn and 
the surrounding soft tissues, there are changes 
following a thermal injury to the cellular mem-
brane. Directly injured cells have a damaged cell 
membrane, which leads to increasing sodium and 
potassium fl uxes and consequently cell swelling. 
In addition, this process also occurs in cells that 
are not directly injured by the burn. In skeletal 
muscle, the cellular transmembrane potentials 
are decreased even away from the site of injury 
[ 11 ]. The alterations in skeletal membrane func-
tions and cellular edema following burn injury 
are similar to those seen in hemorrhagic shock 
[ 122 ,  123 ]. Following the burn injury, action 
potentials in general become dampened or non-
existent. Delays in signal propagation in the 
nerves, brain, skeletal muscle, heart, diaphragm, 
and gastrointestinal organs associated with major 
burn injury lead to encephalopathy, muscle weak-
ness, impaired cardiac contractility, and gut dys-
function. It was initially thought that this delay in 
signal propagation was due to a decrease in ade-
nosine triphosphate (ATP) levels or ATPase 
activity. More recent research suggests that 
increased sodium conductance in membranes, or 
an increase in sodium–hydrogen antiport activity, 
is the primary mechanism  of    delayed conduction 
[ 124 ]. Resuscitation of burn injury only par-
tially restores the membrane potential and intra-
cellular sodium concentrations to normal levels. 
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This demonstrates that hypovolemia alone is not 
completely responsible for the cellular swelling 
seen in burn shock [ 125 ]. Little is known about 
the time course of these changes in membrane 
potential in clinical burns, and it is not known to 
what extent the altered membrane potentials 
affect total volume requirements and organ func-
tion in burn.  

    Lungs 
 Pulmonary edema is common following a major 
burn injury and occurs more often following the 
initial fl uid resuscitation phase than after the 
resuscitation. The pulmonary wedge pressure in 
the lung is increased secondary to the increased 
pulmonary vascular resistance that occurs with 
pre- and postcapillary vasoconstriction following 
burn injury. It is thought that this contributes to 
the formation  of   pulmonary edema [ 126 ,  127 ]. 
While there is likely some amount of left heart 
failure associated with burn injury that leads to 
the increased wedge pressure, the hypoprotein-
emia that was previously discussed is likely the 
greatest contributing fact to postburn pulmonary 
edema [ 127 ]. Animal models of burn injury 
revealed that there was not any evidence of 
increased capillary permeability in the lung, 
although they do suggest that albumin sequestra-
tion in the lung does increase following burn 
injury [ 128 ]. Clinical studies suggest that the 
burn-injured patients who have not sustained 
inhalation injury do not develop severe edema 
[ 129 ,  130 ]. This fi nding is consistent with the fact 
that there is virtually no change in  the   microvas-
cular permeability of the lung and the fact that 
the lung lymph drainage rate may increase to pre-
vent the accumulation of interstitial fl uid.  

    Abdominal Compartment Syndrome 
  Abdominal compartment syndrome (ACS)   is a 
life-threatening complication of edema [ 131 , 
 132 ]. Intra-abdominal hypertension (IAH) is 
defi ned as an intra-abdominal pressure (IAP) 
>30 cm H 2 O. ACS is a syndrome defi ned by sus-
tained IAH in combination with a clinically tense 
abdomen, ventilation aberrations due to elevated 
pulmonary inspiratory pressures, and decreased 
urine output despite aggressive fl uid resuscita-

tion. Due to the large volumes of IV fl uid resusci-
tation, decreased abdominal wall compliance 
(due to burn eschar), increased capillary permea-
bility with leakage of large plasma volumes, and 
massive edema formation, severely burn-injured 
patients are especially at risk for ACS. In the 
critically ill burn-injured patient, ACS is often 
but not always fatal. It typically leads to multiple 
organ dysfunctions including impaired renal and 
hepatic blood fl ow, bowel ischemia, pulmonary 
dysfunction, depressed cardiac function, and 
increased intracranial pressures [ 133 ].   

    Hemodynamic Consequences 
of Acute Burn Injury 

    Myocardial Dysfunction 
 During the resuscitative phase of burn injury, the 
cardiac output (CO) is reduced, but the cause of 
this effect is the subject of much debate. 
Following burn injury there is an immediate 
depression of the cardiac output. This occurs 
even before there is any detectable reduction in 
plasma volume. The rapidity of this increase is 
thought to result from impaired electrical activity 
of the  cardiac   muscles and nerves and also due to 
an increase in afterload due to vasoconstriction. 
As more time passes following the burn injury, 
hypovolemia develops and leads to decreased 
venous return. This in turn contributes to reduced 
cardiac output. The cardiac output remains 
reduced even after adequate fl uid therapy and 
restoration of a normal arterial blood pressure. 
This decrease has been attributed to circulating 
myocardial depressant factors, which possibly 
originate from the burn wound [ 12 ,  13 ]. In one 
study in sheep, a 15 % reduction in CO was found 
despite an aggressive volume repletion protocol 
[ 117 ]. Michie et al. found, upon looking at the 
CO and SVR in anesthetized dogs resuscitated 
after burn injury, that CO fell after the injury and 
over time returned to normal [ 134 ]. They also 
found that the reduced CO did not parallel the 
blood volume loss associated with the burn. They 
determined that the depression of CO is multifac-
torial and results from decreased blood volume, 
decreased venous return, and increased SVR and 
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from a presumed circulating myocardial depres-
sant substance. Following resuscitation and reso-
lution of burn shock, patients develop a 
supranormal CO that is associated with the 
hypermetabolic state of burn. 

 In burn injury, myocardial function is compro-
mised. The primary mechanism by which a burn 
injury alters myocardial cell membrane integrity 
and impairs myocardial function remains unclear. 
On a cellular level, it is thought that oxygen- 
derived free radicals may play a key causative 
role. Horton et al. found that a combination ther-
apy of free radical scavengers and catalase sig-
nifi cantly improved burn-mediated defects in left 
ventricular contractility and relaxation when 
administered with adequate fl uid resuscitation, 
but antioxidant therapy did not alter the volume 
of fl uid resuscitation required [ 135 ]. On a struc-
tural level, the decrease in myocardial function is 
thought to be due to the right heart overload and a 
direct depression in contractility [ 136 ,  137 ]. The 
decreased myocardial contractility is more pro-
nounced following a burn injury because there 
are increases in the afterload of the right and the 
left heart due to increases in systemic vascular 
resistance ( SVR  ) and  peripheral vascular resis-
tance (PVR)  . Unfortunately the right ventricle 
has very little ability to compensate for the 
increased afterload. The adrenergic stimulation 
associated with a burn injury helps maintain 
stroke volume (SV) and CO despite the myocar-
dial depression. This comes at the cost of 
increased myocardial oxygen demands. It has 
been demonstrated that burn injury leads to con-
tractile  defects   and both systolic and diastolic 
dysfunction which is present for the fi rst few 
weeks following injury and is not corrected with 
early and aggressive fl uid resuscitation [ 138 –
 142 ]. This proves that hypovolemia is not the sole 
mechanism underlying the myocardial defects 
seen with burn shock. Additionally, researchers 
have found that serum from patients that fail to 
sustain a normal CO after a burn injury exhibits 
markedly negative inotropic effect on an in vitro 
heart preparation, while the serum of patients 
who had normal cardiac indices had no depres-
sant activity [ 107 ,  135 ]. In addition to their work 
on antioxidants, Horton et al. demonstrated that 

there is decreased left ventricular contractility 
following burn injury, and that this is worse in the 
hearts of the aged [ 140 ]. They found that this was 
not reversed by resuscitation with isotonic fl uid, 
but was reversed with early (fi rst 4–6 h) resuscita-
tion with 4 ml/kg of hypertonic saline dextran 
[ 141 ,  142 ]. In opposition to what was found in 
most other studies, Cioffi  and colleagues found 
that persistent myocardial depression only 
occurred when animals in  their   model received no 
resuscitation. They found that immediate and full 
resuscitation completely reversed the alterations 
to myocardial function [ 143 ]. All of these studies 
emphasize the importance of early and adequate 
fl uid therapy and suggest that functional myocar-
dial depression may not occur in patients who 
receive prompt and adequate volume therapy.  

    Effects of Burns on Other Organ 
Systems 
 Several organ systems are particularly suscepti-
ble to ischemia and organ failure when burn 
resuscitation is delayed or not adequate. The kid-
ney and the gastrointestinal tract are especially 
sensitive to ischemia. Hypovolemia, increased 
sympathetic tone, myocardial depression, infl am-
matory mediators (cytokines, eicosanoids, and 
platelet-aggregating factor), nephrotoxic agents, 
and pigmenturia can contribute to renal ischemia 
and injury [ 144 – 146 ]. Renal failure rates have 
improved dramatically over the last several 
decades owing to standardized adequate fl uid 
resuscitation. However, when therapy is delayed 
or the patient develops hypotension, acute renal 
failure can occur. The gastrointestinal tract  is 
  extremely sensitive to ischemia as well. Occult 
ischemia and hypoxia can occur following burn 
due to vasoconstriction that occurs secondary to 
infl ammatory mediators and increased sympa-
thetic tone. This can occur even in the face of 
seemingly adequate resuscitation [ 147 ]. The 
ischemia of the bowel leads to a reduction in 
mucosal pH, degradation of the mucus layer, bac-
terial overgrowth, and bacterial translocation that 
can lead to the development of sepsis, Curling’s 
ulcers, and irreversible bowel ischemia. 
Fortunately, the gut is remarkably tolerant of the 
insults of a major burn.  
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    Cellular Mediators of Infl ammation 
in Burn Injury 
 Following burn injury there are many  infl amma-
tory mediators   which act both locally and sys-
temically to cause burn shock. These mediators 
play complex roles in the pathogenesis of edema 
and the cardiovascular abnormalities of burn 
injury and burn shock. These mediators act in a 
myriad of ways including altering vascular per-
meability and transcapillary fl uid fl ux, increasing 

the microvascular hydrostatic pressure, causing 
vasodilation, and altering membrane permeabil-
ity. The mediators most often associated with 
burn shock include histamine, serotonin, brady-
kinin, oxygen-free radicals, prostaglandin, 
thromboxane, epinephrine, norepinephrine, 
vasopressin, angiotensin II, and interleukins. For 
a summary of the cellular mediators that play a 
role in burn shock, refer to Table  2.1  [ 128 , 
 148 – 166 ].

   Table 2.1     Cellular mediators   of burn wound injury   

 Cellular mediator  Effect in the setting of a burn injury 

 Histamine  • Responsible for increased microvascular permeability immediately after burn injury 
 • Causes large endothelial gaps to form due to the contraction of venular endothelial cells 
 • Released from mast cells 
 • Causes a rise in capillary pressure through arteriolar dilation and venular contraction 
 • In animals, histamine blockers reduce localized edema, but the same benefi t has not been 

demonstrated in humans [ 148 ] 

 Prostaglandins  • Synthesized from the arachidonic acid that is released from burned tissue and 
infl ammatory cells 

 • Contributes to infl ammatory response of burn injury [ 149 ,  150 ] 
 •  Released   from activated macrophages and neutrophils 
 • Have local and systemic effects 
 • Prostaglandin E2 (PGE2) and leukotrienes LB4 and LD4 increase microvascular 

permeability [ 151 ] 
 • Prostacyclin (PGI2) is a vasodilator produced in burn injury and increases capillary 

permeability 
 • PGE2 causes vasodilation, increased microvascular surface area, and increased 

microvascular permeability amplifying edema formation [ 152 ,  153 ] 

 Thromboxane  • Produced locally by platelets in the burn wounds [ 148 ] 
 • Less important in edema formation 
 • Can contribute to a growing zone of ischemia and can convert a partial-thickness wound 

to a deeper, full- thickness wound 
 • Thromboxane inhibitors prevent progressive dermal ischemia [ 154 ,  155 ] 

 Bradykinin  • Local mediator of infl ammation that increases venular permeability 
 • Increased after burn injury 
 •  Generalized   infl ammatory response after burn injury favors the release of bradykinin 

[ 156 ] 

 Serotonin  • Released early after burn injury [ 157 ] 
 • Smooth muscle constrictor of large blood vessels 
 • Anti-serotonin agents reduce peripheral vascular resistance after burn injury, but not to 

reduce edema 

 Epinephrine and 
norepinephrine 

 • Released in massive amounts after burn injury [ 158 ,  159 ] 
 • Cause arteriolar vasoconstriction via α1-receptor activation [ 148 ] 
 • Lead to reduced capillary pressure that may limit edema and induce autoresuscitation of 

protein- poor interstitial fl uid 
 • Inhibit increased capillary permeability via β-agonist activity [ 148 ] 
 • Potentially benefi cial effects may not be fully functional in injured tissue and may be 

offset by vasoconstriction and ischemia in uninjured tissue 

(continued)
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         Summary 

 There are many pathophysiologic changes that 
occur after a burn injury. There are  major   local 
effects that affect how well a burn will heal. To 
make matters worse, large burns lead to profound 
systemic changes that infl uence not only healing 
of the burn wound but also the survival of the 
burn patient.     
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          Introduction 

 Acute burn injuries are a special category of 
trauma, which impose the risk of potentially dev-
astating airway loss. A patient with a major burn 
injury may present with a life-threatening diffi -
cult airway scenario which would challenge even 
the most experienced physician. The manage-
ment of the airway is precarious and requires a 
multidisciplinary approach involving an experi-
enced anesthesiologist playing a critical role. 
Burn injury induced airway edema, and outright 
airway obstruction from acute facial burns can 
result in the so-called “cannot intubate-cannot 
ventilate” situation; this is fatal unless the burn 
surgeon creates an emergency surgical airway. 
The establishment of a secure airway is an essen-
tial and often initial step in the management of 
acute burn patients. 

 After the acute phase of burn care, major burn 
survivors will present for postburn skin reconstruc-
tion.  Orofacial-cervical postburn scar   contractures 
can cause signifi cant anatomical distortions, which 
may create a diffi cult airway if a general anesthetic 
is needed. Losing this airway during the course of 

an anesthetic could also produce a devastating 
airway crisis with dire consequences. 

 The management of the airway in both the 
acute burn phase and the postburn scar recon-
struction involves different airway issues, evalua-
tions, and approaches in order to safely establish 
a secure airway.  

    Acute Burn Injury 

 Thermal injury to the face, oral cavity, and air-
way causes soft tissue edema (see Fig.  3.1 ), and 
subsequent airway obstruction may result from 
swelling of either the supraglottic or infraglottic 
airway  tissues   [ 1 ]. Airway edema may often 
occur without burns to the face in patients with 
burns covering a large surface area. The mecha-
nism of injury should be identifi ed and an air-
way exam performed in any patient with burns 
greater than 30 %  total body surface area 
(TBSA)   with special attention being paid to 
burns to the face. Thermal injury of the upper 
airway (occurring above the glottis) spares the 
structures below the larynx due to the dissipa-
tion of heat energy. Thermal injury of the lower 
airway is very rare but may occur when there is 
closed space exposure to steam or prolonged 
exposure to products of combustion. Other less 
reliable predictors of  smoke inhalation injury   
may include singing of facial or nasal hair, evi-
dence of oropharyngeal carbonaceous deposits, 
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or carboxyhemoglobin levels greater than ten 
percent [ 2 ]. Smoke inhalation injury is not truly 
a burn to the lower airway but, instead, is the 
result of smoke particles damaging the mucosa 
of the distal airways leading to sloughing, 
obstruction, and atelectasis. Observing soot or 
injury below the vocal cords while performing 
 bronchoscopy   makes the diagnosis. Epithelial 
damage in the airway is present in approxi-
mately one-third of patients with fl ame burns 
treated in burn centers. Patients with inhalation 
injury have increased fl uid resuscitation require-
ments and have a higher likelihood of pulmo-
nary complications and mortality, compared 
with those having an isolated burn injury [ 2 – 5 ]. 
Inhalation of products of combustion damages 
the epithelial lining of the larynx, trachea, and 
bronchi. Clinical signs include wheezing, dys-
pnea, coughing, and the presence of copious 
secretions. Beyond a direct insult to the tissue of 
the airway is an infl ammatory response that 
occurs during the fi rst 48 h following a major 
thermal injury. Infl ammatory mediators such as 
IL-6, leukotrienes, and thromboxane increase 
capillary permeability leading to a loss of 
plasma proteins and electrolytes into the airway 
and alveolar tissue beds causing edema [ 6 ,  7 ]. 
Edema and obstruction of the airway following 

fl uid resuscitation may not present until 8–36 h 
after the initial insult [ 1 ,  8 ,  9 ].

   All burn patients suffering from fl ame burns 
should receive 100 % oxygen via a non-rebreather 
face mask on presentation. After a thorough air-
way assessment, early tracheal intubation should 
be considered before the development of clini-
cally signifi cant edema results in a compromised 
airway.  Intubation   should take place if any of the 
following are present: stridor, hypoxemia, hyper-
capnia, a Glasgow Coma Scale less than eight, 
deep facial burns, or oropharyngeal edema [ 10 ]. 
Because airway edema may not develop for 
many hours after the initial burn injury, frequent 
reevaluations of the airway and respiratory status 
are required. The consequences of upper airway 
edema will present sooner and be more severe in 
infants and small children. The epiglottis is of 
particular concern because it can be the focal 
point of airway obstruction [ 7 ]. 

 Early intubation,  before  the development of 
edema, is the most conservative approach to take 
in the patient with a major burn who has signifi -
cant facial involvement or an inhalational injury 
causing respiratory compromise. Intubation, 
while necessary to secure airway patency, carries 
the following signifi cant risks to the patient: (1) 
 esophageal intubation  , (2) direct damage to 
 laryngeal soft tissue   or cartilages due to laryn-
goscopy or placement of the endotracheal tube, 
(3) pulmonary aspiration during intubation, and 
(4) failed intubation with loss of the airway. 
Intubation can subsequently lead to granuloma 
formation, tracheal stenosis, vocal cord paralysis, 
bleeding, or formation of a tracheoesophageal 
fi stula [ 11 – 14 ]. The 2001 American Burn 
Association Practice Guidelines For Burn Care 
does not recommend intubation for inhalation 
injury alone, but “immediate intubation” for 
inhalation injury is recommended if “airway 
patency is threatened, gas exchange or compli-
ance mandate mechanical ventilatory support, or 
mental status is inadequate for airway protec-
tion” [ 15 ]. The deeper and more extensive the 
burn, the more likely the patient will require intu-
bation. Unless the burn is superfi cial, any patient 
with burns >40 % TBSA should be intubated due 
to the expected large volume of fl uid resuscita-

  Fig. 3.1    Acute edema observed in a burn patient typifi es 
the type of diffi cult airway that may be encountered in the 
burn center       
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tion. Serial examinations of the upper airway 
with fi beroptic laryngoscopy may permit objec-
tive evaluation of supraglottic mucosal edema, 
secretions, and the mobility of the true vocal 
cords and has been described as one method to 
help guide the clinical decision to intubate [ 11 ]. 
Another reason to consider early intubation (in 
the intensive care unit or emergency department) 
is when the patient has a large burn injury and the 
burn team has decided to proceed with a major 
excision in the very near future. In this instance, 
securing the airway as soon as possible averts the 
complexities of intubating the patient later on in 
the operating room where laryngeal edema may 
have supervened. 

 Prior to securing an airway, the patient should 
be evaluated for clinical evidence suggesting dif-
fi culty with routine direct laryngoscopy. 
Preexisting airway abnormalities (e.g., retrogna-
thia, maxillary protrusion) in a patient with major 
burns can confer additional complexity to direct 
laryngoscopy. Preoxygenation and mask ventila-
tion can be suboptimal if not outright ineffective 
in a patient with facial burns. A two-provider 
approach to  bag valve mask ventilation   may be 
required. Excessive secretions, soot, and edema 
leading to distortion of the glottic and supraglot-
tic tissue may make both direct and fi beroptic 
laryngoscopy quite diffi cult [ 15 ,  16 ]. Pulmonary 
aspiration during induction and intubation is 
more common in any emergency non-fasting 
patient, and this certainly applies to the burned 
trauma victim. 

 Early intubation in the acute burn patient who 
does not meet NPO criteria will require either an 
awake intubation or the use of a rapid sequence 
technique to avert aspiration. Depending on the 
mechanism of injury,  cervical spine precautions   
during intubation may be necessary to prevent 
exacerbation of any spinal cord injury. If a cervi-
cal spine injury is suspected, an additional pro-
vider is necessary to provide manual in-line 
immobilization by grasping the mastoid process 
to maintain the cervical spine in a neutral posi-
tion. If a rigid collar is in place, the front of the 
collar can be removed so it will not impede 
mouth opening. The circumstance of a severely 
burned patient with airway edema and an unsta-

ble C-spine may require up to four providers: one 
to give intravenous drugs, a second to provide in- 
line immobilization, a third to provide cricoid 
pressure, and a fourth to intubate. 

  Succinylcholine  , a depolarizing muscle relax-
ant, may be used for an emergent rapid sequence 
intubation within the fi rst 48 h after a burn injury 
provided that the patient is otherwise healthy. 
However, after 48 h following the burn injury, 
administration of succinylcholine can induce 
acute severe hyperkalemia resulting in a cardiac 
arrest. The etiology of this phenomenon has been 
elegantly elucidated by Martyn et al. who have 
demonstrated increased potassium release from 
upregulated immature extra junctional nicotinic 
acetylcholine receptor subunits [ 17 ,  18 ]. The 
upregulation is attributable to infl ammation asso-
ciated with the burn injury and local denervation 
of muscle [ 17 – 20 ]. This hyperkalemic response 
to succinylcholine can persist for up to 1 year 
postburn [ 10 ]. 

 Non-depolarizing muscle relaxants have sub-
stantially altered pharmacokinetics in burn 
patients resulting in an increase in both dose 
requirements and time of onset to achieve effec-
tive paralysis. This occurs approximately 3–7 
days after burn injury and may persist. This 
increase in dose requirement is due to the upregu-
lation of  acetylcholine receptors   and to the 
increased binding of non-depolarizing muscle 
relaxants to plasma proteins such as alpha-1-acid 
glycoprotein, which increases twofold in burn 
patients [ 7 ,  20 ]. The dose of rocuronium required 
for muscle relaxation may be as high as 1.5 mg/
kg for rapid sequence induction in patients with a 
major burn injury. The time to effective paralysis 
can be as long as 90 s, and this is a sharp com-
parison to the results in a healthy patient where 
the dose requirement is 0.9 mg/kg producing 
paralysis in 60 s [ 7 ,  21 ]. 

 The induction dose of propofol will likely 
need to be reduced to avoid hypotension from a 
reduction in systemic vascular resistance and fur-
ther cardiovascular depression in the setting of an 
acute burn injury with hypovolemic shock [ 2 ]. 
 Etomidate   generally preserves cardiovascular 
function on induction and is effective in preventing 
hypotension in moderate doses, but still carries 
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the risk of cardiovascular instability in the hypo-
volemic patient. Nevertheless, its use in critically 
ill patients has fallen out of favor because of 
associated adrenal suppression. Stimulation of 
the sympathetic nervous system during a ket-
amine induction usually results in an increase in 
mean arterial pressure and heart rate. However, 
even with ketamine, caution must be used, as 
hypotension may occur if the burn patient has 
concurrent hypovolemic shock due to its mild 
direct myocardial depressant effects [ 2 ,  7 ]. The 
recommended doses of induction agents and neu-
romuscular blockers are summarized in Tables 
 3.1  and  3.2 .  Endotracheal tube   sizes are summa-
rized in Table  3.3 .

     Early intubation is the key to success in ensur-
ing airway patency and stabilizing ventilation in 

acute burn patients. The caveat is that the loss of 
the ability to maintain spontaneous ventilation 
from pharmacologic interventions will be cata-
strophic in the event that the patient subsequently 
cannot be intubated or ventilated. If laryngeal 
edema is present or if there is a preexisting diffi -
cult airway, the use of any muscle relaxant or 
potent sedative to aid intubation can result in 
morbidity or mortality if the airway cannot be 
intubated.  Mask ventilation   or ventilation with a 
laryngeal airway may not be adequate in a patient 
with facial and airway edema. Direct laryngos-
copy may result in an inadequate view for intuba-
tion because edematous tissue can lead to airway 
distortion, decreased neck and mandibular mobil-
ity, and suboptimal mouth opening [ 22 – 24 ]. 
Signifi cant airway edema may thwart the use of 
newer airway video scopes and make intubation 
impossible even with these devices [ 25 ]. 

 In a patient who has severe airway edema but 
who is conscious and spontaneously breathing, 
an awake fi beroptic intubation or a surgical air-
way under local anesthesia is the safest option 
in securing a defi nitive airway. Averting the loss 
of the airway rests on a judicious approach to 

   Table 3.1     Dosage   of induction agents   

 Induction agent 
 IV dose 
(mg/kg) 

 Onset 
(seconds) 

 Duration 
(minutes) 

 Propofol  1–1.5  30  3–10 

 Ketamine  1–2  30–60  10–15 

 Etomidate  0.15–0.3  30–60  6–10 

 Midazolam  0.05–0.1  60–300  30 

   Table 3.2    Dosage of  neuromuscular blocker agents     

 Neuromuscular blocker  Dose (mg/kg)  Onset (seconds)  Duration (minutes) 

 Succinylcholine a   1.5–2  30–60  6–12 

 Rocuronium  0.6–1.2 (high dose for 
RSI) 

 45–90  15–40 

   a Succinylcholine should be used within initial 48 h post-injury only  

   Table 3.3    Endotracheal tube sizing and  laryngoscope blade selection     

 Uncuffed tube 
size ID (mm) 

 Cuffed tube 
size ID (mm)  Age/weight (years/kg) 

 Laryngoscope 
blade Miller 

 Laryngoscope blade 
Macintosh 

 3.0  <3 kg  0  – 

 3.0  3.0  Term >3 kg up to <8 months  0  – 

 3.5  3.5  8 months to <2 years  1  – 

 4.0  4.0  2 to <4 years  1.5  – 

 4.5  4.5  4 to <6 years  1.5  2 

 Use cuffed  5.0  6 to <8 years  2  2 

 Use cuffed  5.5  8 to <10 years     2  2 

 Use cuffed  6.0  10 to <12 years  2  3 

 Use cuffed  6.5  12 to <14 years  2  3 

 Use cuffed  7.0  14 to <16 years  2  3 

  Use   cuffed  7.5–8.0  >16 years  2–3  3–4 
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 sedation which has the following critical goals: 
(1) maintain spontaneous ventilation at all 
times—this is the most important goal, (2) main-
tain oxygenation, and (3) maintain the ability of 
the patient to follow commands. This construct 
ensures that even if a  fi beroptic approach   cannot 
be accomplished, there will not be loss of life. In 
a pediatric patient or an adult patient who can-
not cooperate or tolerate an awake  fi beroptic 
intubation  , the goal becomes the preservation 
of spontaneous ventilation. Intubation can be 
accomplished after the induction of general anes-
thesia but the patient will no longer be able to 
follow commands. Drugs such as  sevofl uran  e and 
ketamine are widely used for this purpose and 
the safest approach is to avoid neuromuscular 
blocking agents altogether. The use of a muscle 
relaxant is appropriate only after it can be dem-
onstrated that the patient can be ventilated by bag 
valve mask or a laryngeal airway. Techniques for 
awake fi beroptic intubation and fi beroptic intu-
bation after the induction of general anesthesia 
in a spontaneously ventilating patient will be dis-
cussed later in the chapter.  

    Postburn Contractures 

 Major burn survivors commonly present after 
their acute injury for reconstructive procedures 
including release of postburn contractures, 
placement of tissue expanders, scar excisions, 
and resurfacings. In addition, these survivors 
may undergo nonelective procedures such as an 
appendectomy, abscess drainage, central venous 
catheterization, or orthopedic interventions.    The 
problem is that a major burn injury will often 
have a profound, long-term effect on the airway, 
and this alone will substantially increase the risk 
of anesthesia. Patients considered at risk are 
those with severe burn injuries to the head, face, 
neck, upper chest, or upper back. A signifi cant 
decrease in the cervical range of motion may be 
highly problematic if it produces a fi xed fl exion 
deformity of the neck. In addition, facial and neck 
burn contractures may lead to microstomia from 
cicatrized angles of the mouth, obliterated nasal 
passages, reduced submandibular space compli-
ance, and altered tracheal position (see Fig.  3.2 ) 
[ 26 ]. In children, these facial and neck contrac-

  Fig. 3.2    This patient 
presented 16 months 
after her burn injury 
with a severe  postburn 
scar   contracture. It is 
obvious that obtaining 
her airway will be very 
diffi cult       
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tures can eventually result in oro- maxillofacial 
skeletal deformities, such as micrognathia, which 
further complicates airway management [ 27 ]. 
Any one of these aforementioned changes in nor-
mal anatomy can lead to diffi culty with any tech-
nique of intubation, ventilation, or both. There is 
special importance surrounding the use of muscle 
relaxants, which can worsen the degree of scar 
retraction acutely due to the loss of muscle tone 
in the airway [ 28 ]. Burn contractures may also 
eliminate certain techniques that are otherwise 
feasible in the non- burned patient when the anes-
thesiologist needs to secure a diffi cult airway. An 
example of this issue is the diffi culty in placing a 
video laryngoscope when circumoral scars limit 
mouth opening. Additional examples are obliter-
ated or contracted nares that obviate a nasal fi ber-
optic intubation or thick neck scars that decrease 
the quality of transillumination necessary with 
the use of a light wand or make obtaining a surgi-
cal airway diffi cult.

   Preoperative assessment of the patients must 
include a history, physical, and a thorough air-
way exam. Contractures of the face and neck can 
lead to  obstructive   sleep apnea, and a history of 
snoring may predict diffi culty with mask ventila-
tion during induction and necessitate vigilant 
postoperative ventilation monitoring [ 26 ,  29 ,  30 ]. 
Previous anesthetic records may be helpful, but 
airway contractures worsen over time and this is 
a variable dynamic in growing children. There is 
special relevance in a history of a previous tra-
cheostomy, inhalation injury, or prolonged intu-
bation because these events may result in 
laryngotracheal stenosis or tracheomalacia [ 26 , 
 30 ]. Endotracheal tubes of smaller size must be 
immediately available when proceeding with 
intubation. Standard airway exams may not be 
reliable predictors of airway diffi culty in burn 
patients, and a high index of suspicion signaling 
a potentially diffi cult airway may rest on the 
 clinical judgment of the experienced anesthesi-
ologist. Assessment of the airway in postburn 
scar contracture patients should include the eval-
uation of mouth opening, range of neck motion, 
sternomental distance with an emphasis on con-
tractures and scarring, patency of the nasal pas-
sages, and the compliance of the submandibular 

space [ 26 ]. A noncompliant submandibular space 
results in diffi cult displacement of the tongue 
during laryngoscopy resulting in a poor view of 
the larynx. Scar formation around the neck may 
cause the epiglottis and vocal cords to be dis-
placed anteriorly or retracted toward the side of 
the scar [ 26 ,  28 ]. Obtaining the so-called sniffi ng 
position, which is used to facilitate intubation, 
may be impossible in patients with postburn con-
tractures of the neck. In the normal patient, this 
position involves the alignment of the oral- 
pharyngeal- laryngeal axes with the head by fl ex-
ing the lower cervical spine and extending the 
upper cervical spine and atlanto-occipital joint to 
facilitate endotracheal tube insertion [ 31 ]. 

 Psychological preparation of the patient is 
essential, particularly in older children who fre-
quently have high levels of anxiety resulting 
from recalling pain or  emotional   trauma during 
the original injury or any prior procedures. The 
physician should take an unhurried, reassuring 
approach with the patient, and there should be an 
easy-to-understand emphasis that powerful seda-
tives will be administered to minimize or ablate 
discomfort.  

    Airway  Management  : Introduction 

 A multidisciplinary approach to the airway must 
be taken, with the anesthesiologist often assum-
ing the lead role. For a diffi cult airway, a second 
anesthesia provider is vital in providing direct 
assistance to the primary anesthesiologist while a 
surgeon experienced with securing  surgical air-
ways   and adept at burn contracture releases of the 
neck/face should be present. At least two contin-
gency airway management plans should be for-
mulated  before the procedure  and communicated 
to everyone. All equipment should be checked 
prior to commencement. Frequently, tube 
exchangers, laryngeal airways, and fi beroptic 
equipment are used during intubation, and it is 
imperative that all these devices are functional, 
compatible with one another, and physically 
present in the room. 

 There are a wide variety of successful tech-
niques available to manage the diffi cult airway of 
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a child or adult with acute burns or postburn con-
tractures [ 26 ,  30 ]. To some extent, however, it 
would be misleading to think that all of the fol-
lowing techniques are feasible for every anesthe-
siologist. What assures safety and success is total 
familiarity with a given technique. This involves 
rehearsal, use, and repetition to attain expertise. 
It also means that every effort must be made  not  
to lose the airway of a patient by prematurely dis-
abling their ability to spontaneously ventilate 
before  bag mask ventilation   and/or tracheal intu-
bation are known to be possible. The authors will 
present techniques which have been especially 
safe and consistently effective in the care of pedi-
atric burn patients at our institution.  

    Airway Management: Awake 
Fiberoptic Intubation 

 The  American Society of Anesthesiologists 
(ASA)   Diffi cult Airway Algorithm (see Fig.  3.3 ) 
is a key resource as an important safety and 
decision- making tool when preparing for a diffi -
cult airway in an acute or postburn patient [ 32 ]. It 
is particularly important to assess the level of risk 
and the potential consequences associated with a 
particular airway management choice. Then one 
must determine the most prudent technique based 
on the merits and feasibility analysis of the 
patient’s unique airway problem. Reference is 
made here to the top of algorithm. Due to con-
tractures in postburn patients and severe edema 
in acute burn patients, there may be diffi culty 
with mask ventilation, supraglottic airway device 
placement, direct laryngoscopy, fi beroptic intu-
bation, and surgical airway access [ 32 ].  Anxiety 
and pain   can lead to diffi culty with cooperation 
and too often this prompts the wrong decision—
inducing general anesthesia with or without the 
patient breathing spontaneously. If a “cannot 
intubate-cannot ventilate” scenario ensues, and 
an emergent surgical airway cannot be placed, 
catastrophe including death can result.

   The gold standard and the safest approach for 
the management of the anticipated diffi cult air-
way in any patient is an awake  fi beroptic intuba-
tion.   This technique requires substantial skill and 

training, prudent choices and careful titration of 
drugs for sedation, and includes the necessity of 
adequate topical anesthesia of the structures of 
the airway. Poor topical anesthesia has a very 
signifi cant downfall because it often leads to the 
administration of additional sedative drugs with 
the consequent inability to follow commands, 
loss of consciousness, and ultimately the loss of 
the airway. Ineffective sedation can lead to an 
uncooperative patient and suboptimal conditions 
including excess patient movement, agitation, 
undue discomfort, and adverse psychological or 
physiological responses to stress. The term 
“awake” means that the patient retains the ability 
to follow commands and clearly has spontaneous 
ventilation without assistive airway support. It is 
often best to have one anesthesiologist perform 
the fi beroptic intubation while an additional 
anesthesiologist titrates sedation, monitors the 
patient’s vital signs, and ensures spontaneous 
ventilation with unequivocal responses to verbal 
stimulation. The two roles are divided, as they 
would be during a formal surgical procedure, to 
ensure adequate focus is maintained on the fi ber-
optic airway procedure and the patient’s well- 
being. Supplemental oxygen is necessary 
throughout the intubation procedure and the sec-
ond anesthesiologist also ensures this. 

 The utilization of a second anesthesiologist 
deserves special comment because it improves 
patient safety, which is achieved in the operating 
room whereby a surgeon performs a procedure 
but is  not  distracted from the surgical tasks by the 
 anesthesia/analgesia   needs of the patient. It is the 
author’s opinion that the presence of two anes-
thesiologists during awake fi beroptic intubation 
creates the ideal safety environment and that, 
ultimately, this should become a standard of care 
in the USA. The diffi cult airway guidelines coun-
sel us to call for help as soon as an airway 
becomes unmanageable; we think securing help 
 before  this possibility occurs is the most prudent 
approach. 

 Only minimal to moderate sedation should 
be used when performing an awake  fi beroptic 
intubation  . The ASA clearly defi nes minimal 
sedation as a drug-induced state during which 
patients respond normally to verbal commands. 
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  Fig. 3.3    The American Society of Anesthesiologists 
Diffi cult Airway Algorithm (Reprinted from: Apfelbaum 
JL, Hagberg CA, Caplan RA, et al. Practice guidelines for 
management of the diffi cult airway: an updated report by 

the American Society of Anesthesiologists Task Force on 
Management of the Diffi cult Airway. Anesthesiology. 
2013;118(2):251–70 [ 32 ] with permission from Wolters 
Kluwer Health, Inc.)       
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Although cognitive function and coordination 
may be impaired, ventilatory and cardiovascu-
lar function is unaffected. Moderate sedation 
is a drug- induced depression of consciousness 
during which patients respond purposefully to 
verbal commands, either alone or accompanied 
by light tactile stimulation. No interventions are 
required to maintain a patent airway, and spon-
taneous ventilation is adequate while cardiovas-
cular function is usually maintained. Importantly, 
refl ex withdrawal from a painful stimulus is  not  
considered a purposeful response [ 33 ]. Deep 
sedation defeats the entire purpose of an awake 
fi beroptic intubation. It lowers the safety of the 
procedure because deep sedation has the capac-
ity to easily progress to general anesthesia with 
airway loss. 

 The ideal drugs for titration during an awake 
fi beroptic intubation are those drugs which pro-
vide sedation, analgesia, anxiolysis, amnesia, and 
suppression of both cough and gag refl exes. 
Drugs which have sedative properties but which 
can be quickly reversed offer an additional layer 
of safety because their effects can be immedi-
ately mitigated if there is  oversedation  . This is 
limited to opioids and benzodiazepines, which 
are rapidly and easily reversed by naloxone and 
fl umazenil, respectively. The level of conscious-
ness is assessed virtually continuously during the 
procedure, and a slow titration of drugs is accom-
plished by asking the patient to follow simple 
commands such as “inhale deeply” and “give a 
thumbs-up.” 

  Dexmedetomidine   has been described 
throughout the literature as a useful sedative for 
awake fi beroptic intubation in a variety of 
patients [ 34 – 36 ]. Dexmedetomidine, an alpha 2 - 
agonist, acts centrally by stimulating receptors in 
the locus ceruleus. This results in a decreased 
sympathetic CNS outfl ow and consequent seda-
tion. It has a shorter elimination half-life and an 
eightfold greater selectivity for the alpha 2  recep-
tor than does clonidine, a drug in the same class. 
Dexmedetomidine can produce profound seda-
tion without respiratory depression and can pro-
vide anterograde amnesia, anxiolysis, analgesia, 
and some antisialagogue effects [ 34 ]. Several dif-
ferent dose schedules of dexmedetomidine have 

been described for awake fi beroptic intubation, 
but typically is administered as an intravenous 
loading dose of 1 mcg/kg over 10 min, followed 
by a continuous infusion ranging between 0.1 
and 0.7 mcg/kg/h. Intravenous glycopyrrolate is 
usually administered as a bolus dose of 5–10 
mcg/kg specifi cally for its antisialagogue effects 
and for preventing bradycardia induced by the 
loading dose of dexmedetomidine [ 34 ]. 

 If dexmedetomidine is not suffi cient, mid-
azolam, a short-acting, rapidly titratable benzo-
diazepine, can be added for additional sedation 
[ 37 ]. This dose can be repeated to achieve a 
Ramsay sedation score of 2 or more (see Table 
 3.4 ) but the maximum recommended dose in 
this setting is 0.05 mg/kg. Midazolam is an 
excellent anxiolytic and amnestic and confers a 
distinct safety advantage in that it can easily be 
reversed.

   Remifentanil is a potent, ultrashort-acting 
opioid with a context-sensitive half time of 
3 min and elimination half time of 6 min. It has 
been used as a sole  agent   or in combination with 
other drugs for awake fi beroptic intubation due 
to its short acting but intense level of analgesia. 
Additionally it suppresses airway refl exes and 
has only a minimal effect on cognitive func-
tion [ 34 ]. Similar to all narcotics, remifentanil 
exhibits a dose-dependent depression of respira-
tory rate and therefore can cause apnea. It is par-
ticularly advantageous due to its short half-life, 
ease of titratability, and its ability to be reversed 
with naloxone [ 38 ]. A bolus dose of 0.75 mcg/
kg  followed by an infusion of 0.075 mcg/kg/min, 
preceded by premedication with midazolam 
0.05 mg/kg intravenously, has proved safe and 
effective in achieving suffi cient patient comfort 
and adequate intubating conditions with stable 

   Table 3.4     Ramsay scores     

 Score  Description 

 0  Awake, oriented 

 1  Agitated, anxious 

 2  Awake, cooperative 

 3  Sleeping, but cooperative 

 4  Deep sedation, quick reaction to pain 

 5  Deep sedation, slow reaction to pain 

 6  Deep sedation, no reaction to pain 
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 hemodynamics during awake nasal fi beroptic 
intubation [ 39 ]. 

 The combination of dexmedetomidine, mid-
azolam, and remifentanil is the author’s prefer-
ence for sedation for awake fi beroptic intubation 
and is already a well-described technique for 
patients undergoing fl exible bronchoscopy [ 40 ]. 
Intravenous midazolam and glycopyrrolate 
defi ned above are administered in the preopera-
tive holding area. In the operating room, a load-
ing dose of 1 mcg/kg of dexmedetomidine is 
given over 10 min. Concurrently, a remifentanil 
infusion is started at 0.075 mcg/kg/min. 
Additional boluses of remifentanil are given 
incrementally at the dose of 0.25 mcg/kg (maxi-
mum dose of 1 mcg/kg) to achieve adequate 
sedation and analgesia, but the objective is to 
maintain the patient’s ability to fully follow 
commands. Additionally, intravenous mid-
azolam can be administered incrementally at the 
dose of 0.02 mg/kg up to a maximum total dose 
of 0.05 mg/kg. A second provider must continu-
ally assess the patient’s level of consciousness 
and be prepared to immediately reverse the seda-
tion if necessary. During the 10 min required to 
load dexmedetomidine, nebulized lidocaine (4 
%, 2–4 ml, maximum dose 3 mg/kg) via face 
mask  is   administered with oxygen at a fl ow of 8 
l/min. Oxymetazoline spray is applied to the 
nares after which a small nasopharyngeal airway 
lubricated with 2 % lidocaine jelly is placed. 
Alternatively, pledgets soaked in 4 % cocaine 
inserted into the nares with bayonet forceps pro-
vide topical anesthesia and excellent hemostasis 
as well. The maximum dose of cocaine is 1–2 
mg/kg with the total dose not to exceed 200 mg 
in any patient. Then, insertion of a nasopharyn-
geal airway with viscous lidocaine jelly is well 
tolerated and serves as a functional conduit per-
mitting the nebulized lidocaine to reach the pos-
terior pharynx and vocal cords. The total dose of 
local anesthetic should not exceed the calculated 
doses known to produce toxic levels by the 
agents selected (see Table  3.5 ).

   If  nasal intubation   is planned, the nares are 
dilated with 2–3 progressively larger nasopha-
ryngeal airways pre-lubricated with 2 % lido-
caine jelly until the diameter of the last 

nasopharyngeal airway is slightly larger than the 
endotracheal tube that will be used. This facili-
tates a smoother passage of the fi berscope into 
the pharynx since it prevents collapse of the sur-
rounding nasal tissues and eliminates contact 
with blood or secretions that can obscure the 
view. The largest nasal airway should be modi-
fi ed into a split nasopharyngeal airway, which is 
fashioned by making a lengthwise cut over its 
entire length [ 41 ]. The fi berscope is passed 
through this longitudinally split nasopharyngeal 
airway and aligned with a direct view of the vocal 
cords. Retraction of the tongue, jaw lift, or patient 
phonation assists in visualization of the vocal 
cords and epiglottis. A 20-gauge multiport  epi-
dural catheter   is inserted through the vocal cords 
via the channel of the fi berscope. Then, as the 
epidural catheter is withdrawn and while the 
vocal cords remain under direct visualization via 
the fi berscope, 4 % lidocaine (2–3 ml) is sprayed 
fi rst below and then above the vocal cords. The 
fi beroptic scope is removed, and oxygen via face 
mask is administered while the endotracheal tube 
is loaded onto the fi berscope and the lidocaine 
spray to the vocal cords achieves full effect. The 
fi beroptic scope is once again passed through the 
nares via the split nasopharyngeal airway, and 
this time it is advanced through the anesthetized 
vocal cords. The split nasopharyngeal airway 
allows for easy removal from the nares by peel-
ing it off the fi berscope. The fi berscope is 
advanced into the right main stem bronchus and 
the endotracheal tube is then advanced over the 
fi berscope into the trachea. If the endotracheal 
tube does not pass easily, it is likely “hung up” at 
the level of the vocal cords and may need to be 
rotated 90° to facilitate its passage. Failing this, a 
change to a smaller  endotracheal tube   or to a fl ex-
ible tube may be necessary for passage [ 42 ]. 
Once endotracheal tube placement is confi rmed 
with end-tidal CO 2  and visualization of tracheal 
rings with the fi berscope, induction agents can be 

   Table 3.5    Topical local  anesthetic toxic doses     

 Local anesthetic 
 Toxic dose 
(mg/kg) 

 Maximum dose 
(total mg) 

 Lidocaine  4.5  500 

 Cocaine  3  200 
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administered. The nasal route is preferred over 
the oral route due to the direct alignment with the 
vocal cords and a decreased gag refl ex when a 
nasopharyngeal airway is used as a conduit for 
the fi berscope. 

 When the nasal route is unavailable due to 
structural obliteration or surgery is planned 
around the nares, the oral route can be used for an 
awake  fi beroptic intubation  . The patient is sedated 
using the same protocol as described above for 
the nasal route. If possible, it is useful to place 
a small nasopharyngeal airway, which effi ciently 
permits nebulized lidocaine to reach the posterior 
pharynx and vocal cords. The nasal airway also 
allows for the spraying of the cords and poste-
rior pharynx via the epidural catheter through the 
fi berscope. Then an oral atomizer is used to spray 
the base of the tongue and posterior pharynx with 
additional 4 % lidocaine. Several different meth-
ods have been described for oral intubation, but 
our clear preference is to use an intubating laryn-
geal airway such as the Air-Q (Mercury Medical, 
Clearwater, Florida). Following adequate topical 
anesthesia of the tongue and oral structures with 
nebulized lidocaine, the  Air-Q laryngeal airway   
is lubricated with 2 % lidocaine jelly and inserted 
while the patient is awake. The fi berscope is 
advanced via the Air-Q to the glottic structures. 
The vocal cords are anesthetized with 4 % lido-
caine delivered by an epidural catheter, which 
has been advanced through the fi berscope under 
direct vision. The objective is to inject lidocaine 
onto both the supra- and infraglottic areas with 
extension into the tracheobronchial tree. The 
fi berscope is removed; the endotracheal tube is 
loaded and then reinserted into the hypophar-
ynx via the laryngeal airway. The fi berscope is 
gently advanced past the vocal cords and into 
the trachea. Then the endotracheal tube is “rail-
roaded” over the fi berscope and into the trachea 
after which the fi berscope is removed while the 
endotracheal tube is manually held in place. An 
appropriately sized blue pushing device, which 
is available with the Air-Q laryngeal airway, is 
affi xed to the endotracheal tube (the 15 mm air-
way connector must be removed to allow this) 
and this holds the tube in place while the laryn-
geal airway is extracted. The airway connector 

is then reattached, the breathing circuit is con-
nected, and the patient is ventilated with con-
fi rmation of end-tidal CO 2 . A quick reinsertion 
of the fi berscope confi rms the proper depth of 
the ETT in the trachea. If prolonged intubation 
is  not  planned, our recommendation is to leave 
the Air-Q in place and to secure it along with the 
 endotracheal tube  , taped together to the patient’s 
face. This reduces the risk of dislodgment of the 
newly placed endotracheal tube, which could 
occur during extraction of the laryngeal airway 
over the endotracheal tube. Induction agents can 
be administered after the proper placement of the 
endotracheal tube is confi rmed. 

 Because the sedation techniques described 
above are also especially effective in children 
and adolescents, an awake fi beroptic intubation 
should be attempted fi rst when a diffi cult airway 
is present. Preoperative anxiety can further be 
relieved by the administration of lorazepam or 
midazolam orally, if needed. Supplemental use 
of low-dose intravenous ketamine (0.1–0.2 mg/
kg) effectively removes the impediment to use 
this technique for fear that the child/adolescent 
cannot cope.  

    Airway Management: “Asleep” 
Fiberoptic Intubation 
in a Spontaneously Ventilating 
 Patient   

 If the patient is unable or too young to cooper-
ate, then an “asleep” fi beroptic intubation can 
be performed. In this instance, the patient will 
require general anesthesia, and the primary goal 
is to maintain the patient’s ability to spontane-
ously ventilate, followed by the anesthesiolo-
gist’s confi rmation of the ability to ventilate the 
patient with a face mask or a supraglottic airway. 
By far, the safest approach is to perform the fi ber-
optic intubation while maintaining the patient in 
a deep plane of anesthesia with the patient spon-
taneously ventilating the entire time. Sevofl urane 
and ketamine are two of the most commonly 
used drugs for this purpose, but sevofl urane is 
superior to ketamine in blunting the pharyngeal 
and laryngeal refl exes. Topical anesthesia of the 
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airway is often required to prevent laryngospasm 
and coughing during airway manipulation even 
if the patient is in a deep plane of anesthesia. 
Nebulization of aerosolized lidocaine is omitted. 
Topical anesthesia of the airway is best accom-
plished by introducing a fi berscope through a 
laryngeal airway and using direct visualization of 
the vocal cords to position a multiport epidural 
catheter across the glottic opening via the work-
ing port of the fi beroptic scope. If the patient is 
not under a deep plane of anesthesia, application 
of topical agents can cause laryngospasm, cough-
ing, or emesis, which can result in diffi culty ven-
tilating the patient and the possibility of losing 
the airway. Neuromuscular blocking agents are 
to be administered only after confi rmation of the 
endotracheal tube in the trachea, which is done 
by end-tidal CO 2  measurement and direct visual-
ization of the end of the endotracheal within the 
trachea via the fi berscope. 

 Intravenous access is an absolute safety 
requirement and must be established  before  pro-
ceeding with a mask induction with sevofl urane 
so that emergency medications can be adminis-
tered if required. For example, an intravenous line 
allows for the administration of propofol to break 
laryngospasm and quickly deepen the anesthetic. 
The use of any neuromuscular blocking drug in 
this situation caries a certain peril and should be 
avoided unless there is no other way to restore the 
airway. Obtaining an intravenous line can be dif-
fi cult and the use of an ultrasound is often needed. 
Premedication can be accomplished with the 
patient receiving preoperative oral midazolam or 
lorazepam prior to intravenous placement.    Nitrous 
oxide in addition to preoperative benzodiazepines 
may help with sedation for placement of lines. If 
the above techniques fail to adequately sedate the 
patient, intramuscular ketamine (2–4 mg/kg) can 
be administered to provide sedation, while spon-
taneous ventilation is preserved during peripheral 
or central line placement. If intravenous access 
cannot be quickly established, there should be no 
hesitation in inserting an interosseous line; this 
immediately establishes intravenous access and 
has an excellent safety record. 

 Once intravenous access has been obtained, a 
mask induction with sevofl urane is initiated with 

the goal of maintaining spontaneous ventilation. 
After a deep plane of anesthesia is achieved, an 
Air-Q laryngeal airway can be placed to facilitate 
endotracheal intubation via the fi berscope. The 
cords should be treated with topical lidocaine to 
advancement of the endotracheal tube past the 
vocal cords. Alternatively, a nasal fi beroptic intu-
bation using a split nasopharyngeal airway can 
be used to help facilitate intubation, and the air-
way should be anesthetized with lidocaine prior 
to advancement of the nasal endotracheal tube.  

    Airway Management: “Asleep” 
Fiberoptic Intubation 
Without Spontaneous Ventilation 

 The last approach to  fi beroptic   intubation that 
can be taken is the induction of anesthesia with 
fi beroptic intubation after potent induction agents 
have been administered. Spontaneous ventilation 
will be ablated, and this approach may be appro-
priate if the provider has had recent experience in 
managing the particular patient’s airway during a 
recent anesthetic. The critical safety key is that 
the anesthesiologist learned that the patient was 
easily ventilated by mask. Usually intravenous 
propofol along with inhaled sevofl urane is 
administered on induction, and the ability to 
mask ventilate or ventilate via a supraglottic air-
way is demonstrated before  additional   drugs are 
administered. Neuromuscular blocking agents 
may be administered, but are not advised, until 
endotracheal intubation is confi rmed by end-tidal 
CO 2  monitoring and direct visualization via the 
fi berscope. This method can be done via the oral 
route using an Air-Q laryngeal airway or via the 
nasal route.  

    Airway Management: Surgical 
Release of Postburn Neck 
Contracture Under Ketamine Prior 
to Securing the Airway 

 If an awake fi beroptic intubation is not success-
ful, a surgical release of postburn neck contrac-
tures can be done under ketamine and tumescent 
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local anesthesia prior to securing the airway. The 
release of the contracture allows for suffi cient 
extension of the  atlanto-occipital joint   to make it 
possible to perform direct laryngoscopy, fi berop-
tic intubation, or a video laryngoscope intubation 
[ 43 ]. Once the trachea is intubated, surgery for 
grafting can proceed under general anesthesia. 
There are numerous reports in the literature of 
successful surgical release of neck contractures 
under local anesthesia and ketamine sedation and 
general anesthesia with inhalation agents while 
maintaining spontaneous ventilation prior to 
intubation [ 26 ,  30 ]. The risk of airway obstruc-
tion with a general anesthetic mask induction 
along with the diffi culty of maintaining a good 
seal with a face mask could complicate airway 
management in a postburn contracture patient. 
Intravenous ketamine (0.5–1 mg/kg) sedation for 
neck release along with  local tumescent anesthe-
sia   may be the best choice and has been well 
described in the literature for both adult and pedi-
atric patients [ 44 ,  45 ].  

    Airway Management: Other 
Techniques 

 The diffi cult airway can be managed with several 
additional techniques including but not limited to 
video laryngoscopes, blind nasal intubation, 
alternative laryngoscope blades, awake look 
intubation via direct laryngoscopy, intubating 
optical stylets, several different types of laryn-
geal airways to aid in intubation, light wand, ret-
rograde intubation, and invasive surgical access. 
Even the use of  extracorporeal membrane oxy-
genation (ECMO)   has been reported as a bridge 
to intubation [ 30 ,  46 ]. 

 A variety of techniques and methods can be 
used in an effort to safely secure the airway in a 
patient with acute burns or  postburn contractures  . 
Diffi culties with intubation should be anticipated 
and careful planning by the care team is essential. 
Contingency plans should be well developed, prac-
ticed, and communicated. Using the principles of 
diffi cult airway management for non-burn patients, 
an awake attempt at intubation should be consid-
ered fi rst, followed by the consideration of intuba-

tion with general anesthesia in the spontaneously 
ventilating patient. These concepts and techniques 
allow for the safe care of patients with acute burns 
or severe postburn contractures. These patients 
have precarious airways and are therefore at risk of 
catastrophe leading to either a serious morbidity or 
death attributable to a loss of the airway.  

    Summary 

 Like any trauma patient, the airway is the fi rst 
consideration in managing a burn patient. The 
main concern is for edema that leads to obstruc-
tion. Early intubation is always preferable to 
attempting to deal with an emergent airway. 
Dealing with the edematous airway requires 
expertise that includes a team approach with 
anesthesiologists and surgeons. Patients with 
scar contractures of the neck and mouth are even 
more diffi cult. These diffi cult patients must be 
approached with planning and skill.     
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          Introduction 

 Approximately 7–10 % of burn center admis-
sions have concomitant  inhalation injury   [ 1 ]. 
Inhalation injury both increases the mortality 
associated with burn injury and is associated with 
burn size (i.e., the larger the burn, the more likely 
that inhalation injury will be present) [ 2 ,  3 ]. 
Timely diagnosis and treatment of inhalation 
injury is the key to improving survival. However, 
the diagnosis of inhalation injury is not always 
straightforward. The fi rst question that arises is: 
“What is inhalation injury?” In practice, inhala-
tion injury is used to defi ne multiple different 
mechanisms of airway injury, each requiring 
unique diagnostic paradigms and treatment algo-
rithms. There are three different types of airway 
injury that occur after exposure to  fi re and smoke  : 
(1) effects of inhaled gases, (2) upper airway 
injury/edema (addressed in another chapter), and 
(3) lower airway injury [ 4 ]. Each of the different 
 types   of smoke inhalation injury has a different 
cause, pathophysiology, treatment, and progno-

sis. This chapter addresses factors that impact 
breathing: inhaled toxins and lower airway injury 
due to the effects of smoke and provides a road-
map to effectively navigate the diagnosis and 
treatment of inhaled toxins and smoke effects on 
lung parenchyma.  

    Effects of Inhaled Toxins 

 When fi res burn they consume oxygen and gener-
ate toxic chemicals. As such, inhalation of toxic 
by-products of combustion accounts for 80 % of 
 fi re-related deaths   [ 5 ]. Several changes in the com-
position of gases in the environment occur as the 
result of combustion of fl ammable objects, and the 
person exposed to these gases is subject to their 
effects. The changes induced by the fi re environ-
ment include consumption of oxygen as well as 
generation of toxic gases such as carbon monoxide 
( CO  ), cyanide, and other systemic poisons. 

    Hypoxia 

 When fl ames engulf a room, they consume oxy-
gen and decrease the fraction of inspired oxygen 
(FIO 2 ) in the room to <10 %, causing tissue 
hypoxia and asphyxia. Hence, one of the leading 
causes of death at the fi re scene is hypoxia, not 
burns. Identifi cation of patients at risk for  hypoxia 
relies   heavily on the history of the incident. 
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Clinicians should consider risk factors with 
respect to scene characteristics (house fi re, mul-
tiple other deaths at the scene, loss of conscious-
ness), patient exposure to smoke (prolonged 
period of time in fl ame-fi lled room, returning to a 
burning building), and injury characteristics 
(burns of the face and neck, large burns, confu-
sion). Addressing hypoxia should be an  essential 
  component of any inhalation injury treatment 
strategy. As such, patients with suspected inhala-
tion injury should receive initial administration 
of 100 % oxygen via face mask at the scene, dur-
ing transport, and upon hospital arrival. Patients 
should be monitored for status changes, and oxy-
gen should be continued until there is objective 
evidence (blood gas) that hypoxia and carbon 
monoxide poisoning do not exist.  

    Carbon Monoxide Poisoning 

  Carbon monoxide (CO) toxicity   is a frequent 
cause of morbidity and mortality in patients who 
sustain inhalation injury. Each year CO causes 
an estimated 15,000 emergency room visits and 
500 unintentional deaths [ 6 ]. CO decreases both 
the oxygen-carrying capacity and the delivery of 
oxygen to tissue because it has an affi nity with 
hemoglobin 200–250 times that of oxygen [ 7 ]. 
The increased oxygen affi nity shifts the oxyhe-
moglobin disassociation curve to the left, inter-
fering with oxygen transport at the cellular level 
and impairing electron transport within the cells, 
resulting in tissue hypoxia [ 8 ]. CO also interferes 
with hepatic cytochromes, myoglobin binding, 
and peroxidation of cerebral lipids [ 7 ]. Finally, CO 
interacts with the hematologic system by altering 
leukocyte, platelet, and vascular endothelial func-
tion [ 9 ]. Injury severity is dependent on the dura-
tion of exposure, inhaled CO concentration, and 
patient baseline health status. The amount of CO 
needed to cause toxicity is small: exposure to a 
0.1 % CO concentration can result in a carboxy-
hemoglobin (COHb) level of 50 % [ 4 ]. 

 The risk factors for CO toxicity are similar to 
those for hypoxia. Confused or combative 
patients with a history of signifi cant smoke expo-
sure should initially be treated with oxygen. 

Although initial symptoms of CO toxicity are 
primarily neurologic and correlate with COHb 
level [ 10 ] (Table  4.1 ), physical examination does 
not accurately predict the incidence of CO toxic-
ity. The classically described rosy red cheeks and 
nose associated with CO toxicity are generally 
not present in inhalation injury due to hypoxia 
and soot. Hence, the use of skin color as a diag-
nostic modality for CO exposure is problematic. 
Standard oxygen monitoring tools are also unre-
liable: pulse oximetry does not accurately refl ect 
systemic oxygenation in CO toxicity and should 
 not  be used in isolation to assess oxygenation 
after burn/smoke exposure. Cooximetry, which 
delineates the impact of COHb, in association 
with an arterial blood gas, should be used.

   Suspected CO toxicity is confi rmed by mea-
suring plasma COHb levels. If inhalation injury 
is suspected, supplemental oxygen should be 
administered. Oxygen displaces CO from the 
hemoglobin molecule and can facilitate the resto-
ration of oxygen transport.  Although   the duration 
of the hypoxic state is a marker for CO injury 
severity, COHb levels do not correlate with the 
severity of poisoning, predict prognosis, or deter-
mine choice of a specifi c therapy [ 8 ]. 

 Patients with a COHb >10 % should continue 
to receive supplemental oxygen, and COHb  levels 
repeated every hour until <10 %. Patients who are 
awake and alert should receive 100 % FIO 2  via 
face mask. The use of 100 % oxygen for 6 h after 
COHb levels at <10 % may facilitate  elimination 
of COHb from tissues. Intubation should be uti-
lized for obtunded patients, patients who cannot 

   Table 4.1    Symptoms associated with  carbon   monoxide 
exposure   

 Carboxyhemoglobin 
level (%)  Symptom 

 0–10  No signifi cant physiologic 
changes 

 10–30  Throbbing, headache, blood 
vessel dilatation 

 30–40  Fatigue, nausea/emesis, 
disorientation, vision change 

 41–60  Combativeness, hallucinations, 
coma, shock 

 >60  Cardiorespiratory depression, 
seizure, mortality 
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protect their airway, patients with uncontrol-
lable agitation requiring signifi cant sedation, and 
patients with severe face burns. After intuba-
tion, mechanical ventilation with 100 % inspired 
oxygen is optimal. The use of 100 % FIO 2  will 
decrease the half-life of COHb to 40–60 min 
[ 11 ]. Hyperbaric oxygen can be considered if the 
COHb level is >25 % despite aggressive oxygen 
therapy. Hyperbaric oxygen, however, is not a 
panacea; the half-life of COHb is only decreased 
to 30 min by hyperbaric oxygen [ 12 ]. Multiple 
studies have assessed the effi cacy of hyperbaric 
oxygen to improve outcomes in CO poisoning. 
Unfortunately, four of six studies evaluating 
outcomes in 1335 patients randomized to either 
hyperbaric or normobaric oxygen demonstrated 
no improvement in neurologic sequelae with 
hyperbaric oxygen treatment [ 13 – 17 ]. Hyperbaric 
oxygen therapy has multiple potential complica-
tions, including tympanic membrane rupture, sei-
zure, and lack of patient accessibility; hence, it 
should be reserved for patients with documented 
CO exposure (COHb > 25 %) who fail to improve 
on normobaric oxygen therapy [ 4 ,  10 ].  

    Other Poisons 

 Hypoxia and CO poisoning are not the only con-
cerns after prolonged exposure to smoke. Other 
substances, such as plastics, generate toxic com-
bustibles. Table  4.2  contains a listing of toxic 
combustibles in smoke and their sources. As 

such, every person who sustains smoke inhala-
tion injury will have a unique exposure to a vari-
ety of different toxins which cannot be identifi ed 
or treated. Housing construction and room décor, 
which have changed over the years, have resulted 
in changes in the fi re milieu [ 18 ].

   One of the toxic agents in smoke that can be 
identifi ed and treated is  cyanide. Cyanide   is gen-
erated by combustion of natural or synthetic 
household materials including synthetic poly-
mers, polyacrylonitrile, paper, polyurethane, 
melamine, wool, and silk [ 19 – 24 ]. Cyanide has 
been detected both at the fi re scene and in the 
blood of smokers and fi re victims [ 19 ,  25 – 29 ]. 
Blood cyanide levels can range from 0.3 mg/L in 
nonsmokers to 0.5 mg/L in smokers. A blood 
cyanide level of 3 mg/L is generally defi ned as 
fatal, although both lower and higher levels have 
been cited [ 30 – 33 ]. Unfortunately, blood cyanide 
levels are not readily measured in hospitals and 
must be sent to specialized laboratories. As such, 
the test results generally are not available for 2–3 
days post-injury, which makes them unhelpful in 
the acute treatment phase. 

 The fi rst-line treatment for cyanide is appro-
priate resuscitation. Metabolic acidosis in a burn 
patient should initially be assumed to be due to 
under-resuscitation, carbon monoxide toxicity, 
missed associated traumatic injury, or a combina-
tion of these events. The use of antidotes for cya-
nide toxicity should be restricted to patients with 
a persistent metabolic acidosis after appropriate 
resuscitation is confi rmed, carbon monoxide lev-
els have normalized, and traumatic injury has 
been ruled out. 

 Recent literature suggests that early use of 
 hydroxocobalamin   therapy may be effi cacious in 
cyanide poisoning. Hydroxocobalamin has been 
used to prevent cyanide toxicity associated with 
intravenous nitroprusside and to treat the toxic 
amblyopia and optic neuritis caused by tobacco 
smoke, which contains cyanide [ 34 ]. A cyanoco-
balamin dose of 100 mg/kg should be used in 
suspected cyanide toxicity. Although hydroxoco-
balamin therapy is generally well tolerated, side 
effects include headache, allergic reaction, skin 
and urine discoloration, hypertension, or refl ex 
bradycardia [ 35 ,  36 ]. The urine color change 

   Table 4.2    Toxic gases in house fi re smoke   

 Gas  Source  Effect 

 Carbon 
monoxide 

 Organic matter   Tissue   hypoxia 

 Hydrogen 
cyanide 

 Wool, silk, nylons  Headache, coma, 
respiratory failure 

 Aldehydes  Wood, cotton, paper  Severe mucosal, 
lung damage 

 Benzene  Petroleum plastics  Mucosal 
irritation, coma 

 Ammonia  Nylon  Mucosal irritation 

 Hydrogen 
chloride 

 Plastics  Severe mucosal 
irritation 

 Nitrogen 
dioxide 

 Wall paper, wood  Pulmonary 
edema, dizziness 
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(purple) can cause consternation among hospital 
providers, and hydroxocobalamin may interfere 
with the accuracy of cooximetry or autoanalyzer 
colorimetric blood assays (frequently used to 
assess liver enzymes, electrolytes, and minerals) 
for several days [ 35 ]. Anaphylactic reactions 
have also been documented [ 36 ]. Hence, treat-
ment using hydroxocobalamin is not without 
risk.  Patients   with cyanide poisoning will gradu-
ally demonstrate an improvement in status with 
appropriate resuscitation and administration of 
hydroxocobalamin. Other antidotes, such as amyl 
nitrite, sodium nitrite, and sodium thiosulfate 
(formerly named the cyanide antidote kit), are 
being replaced by hydroxocobalamin, which has 
a better safety profi le.   

    Effects of Smoke on Lung Function 

    Effects on Burn  Prognosis   

 Inhalation injury with associated cutaneous burn 
injury results in increased mortality compared to 
burn injury alone [ 3 ,  37 ]. Survival after inhala-
tion injury has increased from 56 % in 1986 to 27 
% in 2010 and has been reported as low as 12 % 
[ 38 ,  39 ]. The improvement in survival can be 
attributed to a better understanding of the under-
lying pathophysiology of burns, changes in ven-
tilation strategies, and newly developed ventilator 
technologies.  

     Pathophysiology and Diagnosis   
of Smoke Injury 

 Lower airway inhalation injury is due to the 
effects of the toxic products of combustion and 
the burn injury on lung parenchyma and blood 
fl ow. Casts and proteinaceous material accumu-
late in the airway, causing bronchoconstriction 
and airway hyperreactivity. Lower airway inha-
lation injury also results in increased capillary 
permeability, both in the lung and in the distal 
airway [ 40 – 42 ]. The infl ammatory damage to the 
alveolar-capillary barrier seen in inhalation 
injury results in the release of proteinaceous fl uid 

into the alveolar space, causing impaired gas 
exchange [ 43 ]. The bronchoconstriction that 
accompanies inhalation injury further impairs 
gas exchange. As such, inhalation injury may be 
viewed as a special form of acute lung injury 
(ALI), which may progress to the acute respira-
tory distress syndrome (ARDS). 

 The diagnosis of lower airway injury after 
smoke exposure is similar to that used for upper 
airway injury. History (with attention to high- 
risk scenarios) and physical examination (includ-
ing inspection of the oropharynx for soot, edema, 
or ulceration) should be performed [ 44 ]. Further 
tests, including arterial blood gases, COHb lev-
els, and a chest X-ray, should be obtained. 
Elevated levels of COHb are associated with an 
increased incidence of lower airway injury [ 19 ]. 
Although helpful to establish a baseline, normal 
arterial blood gases and chest X-ray do not 
exclude lower airway injury. Laryngoscopy may 
be helpful to diagnose upper airway edema; how-
ever, the provider should be prepared to intubate 
at the time of laryngoscopy, as it can precipitate 
airway obstruction. Bronchoscopy should be 
used to visualize the extent of lower airway 
injury as it provides valuable information with 
respect to airway anatomy  and   obstruction. 
Multiple grading systems have been proposed to 
diagnose inhalation injury, but none have been 
universally adopted [ 45 ,  46 ]. Current multicenter 
trials are evaluating the utility of computed 
tomography scanning and infl ammatory markers 
in the diagnosis and grading of inhalation injury.   

    Treatment of Inhalation Injury 

    Treatment of Uncomplicated 
Inhalation Injury 

 Not all patients with inhalation injury require 
mechanical ventilation. Patients with a patent 
upper airway (absence of stridor), burn size <40 
% TBSA, intact mental status, the ability to clear 
secretions, and adequate oxygenation and ventila-
tion (PO2 > 60 mmHg, PCO2 < 55 mmHg in the 
absence of  chronic obstructive pulmonary disease  ) 
may often be safely managed without mechani-
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cal ventilation. These patients should be placed 
on humidifi ed oxygen therapy and be admitted 
to an intensive care unit for close monitoring. 
Treatment should focus on clearance of secre-
tions; hence, early mobility, incentive spirometry, 
intrapulmonary percussive ventilation (IPV), and 
encouragement are keys to successful manage-
ment. If  COHb toxicity   is present, an arterial line 
will facilitate testing and may be helpful. Arterial 
line insertion should be reserved for patients 
who have demonstrated hypoxia or hypercarbia. 
Intravenous steroids are not indicated in inhala-
tion injury [ 1 ]. There is no evidence that steroids 
improve outcomes. Likewise, prophylactic anti-
biotics are not indicated, as they may predispose 
patients to more virulent infections.  

    Treatment of Inhalation Injury 
Requiring  Intubation   

 Patients with severe face burns, signifi cant 
hypoxia or hypercarbia (PO2 < 60 mmHg or 
PCO2 > 55 mmHg), altered mental status, inabil-
ity to protect the airway, or massive burns (>40 
% TBSA) should be intubated and placed on 
mechanical ventilation. The most experienced 
practitioner should intubate the patient with sus-
pected inhalation injury, as anatomy is often dis-
torted and edema may severely limit visualization 
of vital structures. In severe inhalation injury 
associated with ulceration or airway sloughing, 
bronchoscopy may be necessary to remove debris 
and facilitate oxygenation for days after injury. 
Securing the airway can pose a challenge in face 
burns, as tape will not adhere to a blistered face. 
The use of a tracheostomy tie in both the horizon-
tal and vertical planes may be helpful. The ties 
should be checked regularly for evidence of ero-
sion into soft tissue structures. The ventilator cir-
cuit should be humidifi ed to prevent drying of 
secretions. Inhaled albuterol may be benefi cial in 
patients with bronchospasm [ 47 ].  N -acetyl cyste-
ine has also been used in conjunction with alb-
uterol to facilitate secretion removal. Nebulized 
heparin, when used with either FFP or antithrom-
bin III, may also be used to decrease the forma-
tion of airway casts [ 48 ]. 

 One of the emerging challenges in inhalation 
injury is the patient who sustains face burns while 
smoking on home oxygen. These patients present 
with burns of the nose tip and nares. The burn is 
generally limited to the nose and/or midface, and 
the patient rarely sustains any signifi cant inhala-
tion injury. Unfortunately, people on home oxy-
gen have a preexisting hypoxic and/or hypercarbic 
state (otherwise they would not be on home oxy-
gen); hence, the decision on whether or not to 
intubate is not always straightforward. In gen-
eral, intubation in home oxygen burns should be 
avoided unless there  is   evidence that the respira-
tory status has changed from baseline (i.e., devel-
opment of stridor, respiratory acidosis, hypoxia 
compared to baseline) [ 49 ]. Intubation prolongs 
hospital stay and may increase mortality. Initial 
treatment with oxygen and saline nasal spray 
usually suffi ces.  

    Basic  Ventilator Strategies   

 Treatment of patients with lower airway inhala-
tion injury requiring mechanical ventilation is 
largely supportive. Lung epithelium and airway 
casts may slough in the fi rst 3–7 days post-injury. 
Meticulous pulmonary hygiene, including fre-
quent suctioning, is vital to maintain airway 
patency and to prevent pneumonia. Humidifi ed 
oxygen should be utilized to keep secretions 
moist and prevent endotracheal tube obstruction 
from dry and hard secretions. In the early phases 
of injury, when a patient is markedly edematous, 
an obstructed endotracheal tube can be a deadly 
problem. Sedation should be limited to enable the 
patient to assist in secretion removal via cough-
ing and position changes. 

 There is no consensus on the best form of 
mechanical ventilation for lower airway inhala-
tion injury. However, several basic principles 
apply. Maintaining a “perfect” blood gas (pH of 
7.40, PCO2 of 40 mmHg, PO2 of 100 mmHg) is 
not appropriate. The objective is to support lung 
function while minimizing the complications of 
mechanical ventilation. Hence, the goal is to 
maintain adequate oxygenation and ventilation 
while minimizing barotrauma and volutrauma. In 
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patients intubated with minor inhalation injury or 
purely for edema, pressure support with positive 
end expiratory pressure of 5 mmHg may be suf-
fi cient. For patients with severe hypoxia, how-
ever, using protocols designed for ARDS may be 
helpful. A seminal randomized prospective trial 
in ARDS reported a 22 % decrease in mortality, 
utilizing a pressure- and volume-limited approach 
(tidal volume 6 ml/kg and pressure <30 mmHg) 
compared to a higher tidal volume (12 ml/kg) 
[ 50 ]. This philosophy has been applied to severe 
inhalation injury (patients with ventilation/perfu-
sion ratios of <200) and has likely contributed to 
the decrease in mortality. Likewise, the use of 
permissive hypercapnia (not treating pCO2 until 
pH is <7.2) also limits ventilator pressures and 
decreases lung injury. 

 A multitude of different traditional ventilator 
modes have been used in inhalation injury, 
including pressure control, volume control, air-
way pressure release ventilation (APRV), high- 
frequency ventilation, and liquid ventilation. 
However, none of these has clearly demonstrated 
outcome superiority in inhalation injury [ 51 ]. 
One form of ventilation, volumetric diffusive 
ventilation, may improve outcomes. The volu-
metric diffusive respirator, a time-cycled pres-
sure limited ventilator, has been shown to 
decrease the incidence of pneumonia and improve 
mortality after inhalation injury [ 52 ]. However, 
this mode of ventilation has not been tested 
against a low-tidal-volume ventilation strategy or 
some of the newer forms of mechanical ventila-
tion such as airway pressure release ventilation 
or oscillatory ventilation. The type of ventilation 
used is less important than the philosophy of air-
way management. 

 One fi nal adjunct for the management of 
severe burn with ARDS is tracheostomy. 
Tracheostomy can improve laminar air fl ow, pre-
vent pressure ulcers from endotracheal tube 
tying, decrease ventilator pressures, facilitate 
weaning, and allow for easier pulmonary toilet 
[ 53 ]. Tracheostomy is indicated if the patient has 
been intubated for 2 weeks and is  not   improving. 
In addition, tracheostomy may be benefi cial in 
the early phase of burn injury in patients with 

extensive face burns, massive burn injury (>50 % 
TBSA), patients who cannot be electively intu-
bated, and patients with severe lung injury.   

    Complications of Smoke Injury 

 Smoke inhalation injury not only markedly com-
plicates medical management of the burn patient, 
but also increases mortality. Pulmonary compli-
cations contribute to 77 % of burn-related deaths 
[ 54 ]. Two particular complications of smoke 
inhalation injury are frequently encountered: 
pneumonia and the acute respiratory distress 
syndrome. 

    Pneumonia 

  Pneumonia   is a common complication of inhala-
tion injury. Pneumonia occurs twice as often in 
burn with inhalation injury compared to burn 
injury alone and increases mortality 40–60 % 
[ 55 ]. The incidence of pneumonia in the burn 
inhalation patient has been reported as high as 46 
% and accounted for 75 % of cases of pneumonia 
in 1 unit [ 56 ]. The high rate of pneumonia is mul-
tifactorial: (1) The airway casts and debris from 
the initial injury can cause airway obstruction. 
(2) The mucociliary apparatus is impaired from 
the initial insult, making secretion removal prob-
lematic. (3) Patients have concomitant wound 
colonization, which can infect airways. (4) Burn 
patients are hypermetabolic, which increases the 
work of breathing and subsequent pulmonary 
failure. (5) Burns >20 % have decreased cell- 
mediated, natural killer cell, and macrophage 
responses. 

 Diagnosis of pneumonia requires a high 
index of suspicion. In patients with a fever, leu-
kocytosis, and purulent secretions bronchos-
copy with washing or protected brush sampling 
may provide the most accurate diagnosis. 
Patients should be aggressively treated with 
intravenous antibiotics and pulmonary hygiene 
measures. In recurrent cases, inhaled antibiotics 
may be required.  
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    Acute Respiratory Distress Syndrome 

 Smoke inhalation injury is caused by breathing 
toxic smoke from the products of combustion. 
Severe cases of smoke inhalation can result in 
either acute lung injury (ALI) or  acute respira-
tory distress syndrome (ARDS)   The traditional 
defi nition of ALI includes an alveolar-arteriolar 
gradient of <300; for ARDS the alveolar- 
arteriolar gradient is <200. The Berlin defi nition 
of ARDS has modifi ed those criteria to include 
(1) timing (must occur within 1 week of a known 
clinical insult), (2) chest imaging (bilateral opaci-
ties not explained by other causes), (3) origin of 
edema (not explained by cardiac failure or fl uid 
overload), and (4) oxygenation (defi ned as mild, 
moderate, or severe based on alveolar oxygen 
gradient and PEEP) [ 57 ]. Regardless of the defi -
nition, ARDS is characterized by increased per-
meability of pulmonary capillary endothelial 
cells and alveolar epithelial cells, leading to 
hypoxemia that is refractory to oxygen therapy. 

 Patients with smoke inhalation injury can 
develop ARDS in different phases of illness. 
During the acute phase (fi rst days after injury), 
patients can develop severe hypoxemia and 
impaired pulmonary function from the smoke 
toxins. This represents a direct parenchymal 
injury. A second cause of ARDS in the early 
phase of burn injury is the burn wound itself. The 
burn injury induces the development of a systemic 
infl ammatory response syndrome and subsequent 
ARDS. After the fi rst several days of injury, the 
development of ARDS is multifactorial and simi-
lar to other ICU populations. Both direct injury 
(pneumonia, aspiration) and indirect (sepsis, 
blood transfusion) mechanisms can cause ARDS 
in the weeks after a burn injury. Analysis of out-
comes in patients with combined burn/inhalation 
injury is consistent with this bimodal pattern [ 3 ]. 

 The treatment of ARDS is generally support-
ive, as described above. However, for ARDS 
occurring in the early phase (fi rst 1–2 days post- 
injury), early excision of the burn wound, which 
is associated with decreased mortality, may be 
helpful [ 58 ]. The burn wound itself can be the 
source of a severe infl ammatory response; remov-
ing the wound removes the source and may 

decrease the associated capillary leak and alveo-
lar arterial gradient. 

 Smoke inhalation injury with ARDS is associ-
ated with increased mortality. A recent military 
experience demonstrated a fourfold increase in 
mortality with  moderate   ARDS and a ninefold 
increase in mortality with severe ARDS [ 59 ]. 
Appropriate early resuscitation, meticulous pul-
monary hygiene, early excision, and aggressive 
treatment of infection may help decrease the inci-
dence of ARDS after smoke inhalation injury.   

    Conclusion 

 Smoke inhalation injury signifi cantly contrib-
utes to burn morbidity and mortality due to the 
direct toxicity from products of combustion as 
well as the subsequent infl ammatory response. 
Identifi cation and early aggressive treatment are 
keys to minimizing the morbidity associated with 
inhalation injury.     
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          Introduction 

  Burn shock   is a consequence of massive  infl am-
mation   from the depth and extent of burn injury 
and evaporative loss from the destruction of the 
cutaneous barrier (skin). This leads to progress 
intravascular volume depletion leading to reduced 
organ perfusion and ultimately organ failure. Left 
unabated, burn shock will ultimately lead to death. 
The primary goal of burn shock resuscitation is to 
restore and maintain adequate intravascular vol-
ume to provide adequate organ perfusion. 
Although formulas and algorithms have been 
developed over past few decades for resuscitation 
of the severely burn-injured patient, management 
of the resuscitation of burn shock is a complex 
process that requires not only constant monitoring 
but also evaluation of alternative and adjunctive 
therapies. Burn shock resuscitation is a key com-
ponent of the initial management of a severely 
burned patient; however several patient and 
injury-related factors have to be considered dur-
ing resuscitation. In this chapter, we will introduce 
burn shock management  algorithms  , calculation 
of fl uid requirements, monitoring of resuscitation, 

special considerations that may alter fl uid resusci-
tation, and adjunctive resuscitative therapies.  

     Pathophysiology   of Burn Shock 

 Severe burn injury results in an extensive amount 
of tissue damage producing a massive systemic 
infl ammation. At the tissue level, necrotic and 
damaged cells trigger an infl ammatory response 
with release of cytokines and other pro- 
infl ammatory agents (histamine, bradykinins, 
prostaglandins, thromboxanes) [ 1 – 3 ]. The release 
of these pro-infl ammatory agents causes the acti-
vation and mobilization of leukocytes (neutro-
phils, dendritic cells, and macrophages). In 
addition, the pro-infl ammatory agents also cause 
vasodilation and widening of capillary gap junc-
tions to allow for egress of leukocytes into the 
interstitial space [ 4 ]. The activated leukocytes 
then cause production of oxygen free radicals 
through the release of hydrogen peroxide from 
activated neutrophils and consumption of ade-
nosine triphosphate (ATP). ATP is consumed by 
the leukocytes and is not replenished adequately 
due to the relative hypoxia of the damaged tissue 
and results in increased levels of  adenosine 
monophosphate (AMP)  . The increased tissue 
AMP is then catabolized to hypoxanthine, 
which is then converted to xanthine, which is 
 further metabolized into uric acid and hydrogen 
peroxide and superoxide. The increased tissue 
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 hydrogen peroxide and superoxide cause lipid 
peroxidation generating oxygen free radicals. 
These free radicals cause cellular damage through 
direct DNA damage, which causes more infl am-
matory stimulation resulting in more leukocyte 
migration and increased plasma depletion from 
the systemic circulation. In addition, oxygen free 
radicals alter myocardial cell wall membranes 
resulting in deceased cardiac contractility [ 1 ,  5 ]. 

 The extensive damage to the skin following 
severe burn injury also results in signifi cant evap-
orative losses. The evaporative water loss from a 
burn injury can range from 146 to 176 ml/m 2 /h 
[ 6 ,  7 ]. For example, a patient with a surface area 
of 2 m 2  who has suffered a 50 % total body sur-
face area partial- and full-thickness burn injury 
would expect to lose approximately 150 ml of 
water per hour through evaporation. Thus, in a 
matter of a few hours, a signifi cant portion of the 
patients circulating plasma volume will be 
depleted. Combined, the intravascular-volume 
depletion from both the systemic infl ammation 
and  evaporative water loss   signifi cantly compro-
mises a burn patient’s hemodynamic status. 

 The ongoing volume loss from the intravascular 
space through evaporation and infl ammation ulti-
mately results in reduced venous return to the 
heart. If not restored, the reduced intravascular vol-
ume causes a reduced end systolic volume ulti-
mately leading to a lower  cardiac   output. With the 
increasing oxygen demands from leukocytes in the 
damaged tissues and low intravascular volume, 
tachycardia ensues to maintain or increase cardiac 
output. However, with falling intravascular vol-
ume, tachycardia is not suffi cient to meet the car-
diac output demands and tissue perfusion is 
compromised. Ultimately, reduced tissue perfusion 
results in cellular hypoxia and cell death with the 
end result of organ failure. Thus, the hallmark of 
burn shock resuscitation is restoration of adequate 
intravascular volume to prevent organ failure [ 8 ].  

     Venous Access   

 During the initial assessment of a severely burned 
patient, venous access sites should be evaluated 
and prompt establishment of venous access 

should ensue. Because of the potential emergent 
need for venous access for stabilization of the air-
way or breathing, peripheral venous access is 
appropriate for the initial management. 
Optimally, the largest bore peripheral catheter 
should be placed in the most accessible vein. This 
includes areas where burned skin overlies the 
vein. This will ensure a large enough venous 
access for both medication administration and 
initial fl uid resuscitation. 

 In some cases, peripheral venous access can-
not be established quickly and alternative strate-
gies for venous access should be initiated. If the 
patient’s airway and breathing are stable, it may 
be safe to proceed with placement of a central 
venous catheter. However, if there is any concern 
about airway or breathing stability or hemody-
namic status, then an intraosseous catheter should 
be placed. Intraosseous catheters can be placed in 
both adults and children with burn injuries and 
can be place quickly in both populations. Unlike 
the peripheral vascular space, the intraosseous 
space is a noncollapsible space  and   provides 
immediate access to the systemic circulation. 
Interosseous catheters are often placed in the 
anterior surface of the tibia, distal femur, 
humerus, sternum, calcaneus, and distal radius 
and provide circulatory access for medications, 
resuscitative fl uids, and diagnostic laboratory 
measurements. However, intraosseous lines are 
contraindicated in sites that are fractured [ 9 ]. 
Although, resuscitative fl uid can be given through 
an intraosseous catheter safely, care must be 
taken as to the volume of fl uid administered per 
hour. For large burn injuries, intraosseous lines 
should only be used for initial vascular access 
until a central venous catheter can be placed. 

 Central venous catheters are necessary for 
most severely burned patients in order to estab-
lish safe and secure vascular access. While large 
amount of resuscitative fl uid can be administered 
through large-bore peripheral intravenous (IV) 
catheters, these catheters do not provide a secure 
vascular access point for many burn patients. 
Dislodgement of peripheral IV catheters can 
leave a severely burned patient without vascular 
access at a critical point in resuscitation for burn 
shock. 

S. Sen

tpham94@uw.edu



65

 Central venous catheters can be placed in any 
central vein (jugular, subclavian, and femoral) to 
provide adequate vascular access. In choosing the 
appropriate site for central venous access, several 
considerations need to be made. First, choose a 
site that is not burned. Burned skin is already 
compromised to the environment and is at high 
risk for bacterial infections, and placing a cathe-
ter through burned skin may increase the risk of a 
catheter infection. Additionally, securing a cen-
tral venous catheter to burned skin is problematic. 
Because of the injury to the dermis in severely 
burned skin, the tensile strength of the underlying 
tissue is much less than noninjured skin. This cre-
ates an increased risk of catheter dislodgement. 
Second, the subclavian and jugular veins are safe 
locations with respect to infections. Femoral 
venous catheters have the highest risk of infec-
tion; however if the skin is intact overall the fem-
oral vein and is burned over the subclavian and 
jugular vein, then the femoral site is probably a 
more ideal site [ 10 ]. Third, the risk of thrombosis 
is likely higher in adult patients with femoral cen-
tral venous catheters [ 11 ]. For pediatric burn 
patients, however, the risk of complications from 
a femoral CVC is not higher  than   either a subcla-
vian or jugular CVC [ 12 ]. Finally, while placing a 
CVC in an ideal location is the optimal treatment, 
establishing a secure CVC in the most effi cient 
and expedited manner prevents any delays in 
starting resuscitative fl uids for burn shock.  

    Formulas for Initiation of Fluid 
Resuscitation 

 In the 1960s and 1970s, Dr. Charles Baxter devel-
oped a resuscitation formula for severe burn 
injury at Parkland Hospital in Dallas, Texas. 
Over the next few decades, Dr. Baxter’s formula 
of fl uid resuscitation (known commonly as  the 
   Parkland formula  ) has become a standard in the 
resuscitation of severely burned patients [ 13 ]. In 
the original Parkland formula, 4 ml per kilogram 
(kg) of weight per % TBSA (total body surface 
area of burned skin) of intravenous fl uid is 
administered over the fi rst 24 h following injury. 
Half of this volume is administered in the fi rst 
8 h and the other half in the ensuing 16 h. 

Following this, in the next 24-h period, dextrose- 
and potassium- containing fl uid is administered to 
maintain vascular volume (standard maintenance 
fl uid plus evaporative loss), and colloid-contain-
ing fl uid is administered at 20–60 % of calculated 
plasma volume [ 14 ]. 

 In practice, however, the Parkland formula is 
used as a starting point for resuscitation. 
Guidelines for the management of fl uid titration 
have been developed to reduce the rate of fl uid 
administration hourly based on urine output [ 15 ]. 
For adults this means that fl uid rate is reduced 
about 10–20 % per hour if the urine output target 
is above 0.5 ml/kg (ideal body weight)/h, and in 
children (under 30 kg of weight), fl uid rate is 
decreased if the urine output target is above 1 ml/
kg/h [ 16 ]. The fl uid titration should continue 
until the infusion rate reaches the rate for mainte-
nance fl uid plus evaporative losses [ 17 ]. For chil-
dren under 30 kg, adjustments should be made to 
increase the volume of fl uid administered due to 
the high body surface area to weight ratio and 
immature kidneys that are not as effi cient at 
absorbing water [ 18 ]. Similar to resuscitation of 
an adult burn patient, a similar strategy should be 
employed for fl uid titration; however during 
resuscitation,  weight-based maintenance   fl uid 
should be added to the resuscitative fl uid rate to 
account for the increased fl uid needs in children. 

 Over the past few years, several studies have 
noted that many burn patients are receiving more 
fl uid in the fi rst 24 h than was calculated using the 
Parkland formula [ 19 ]. The reasons for this have 
not been fully solved; however some evidence 
suggests that the excessive fl uid administration 
(fl uid creep) is due to increased opioid and seda-
tive administration [ 20 ]. Additionally, other fac-
tors such as excessive fl uid administration in 
 pre-burn center hospitals   and delays in fl uid titra-
tion have probably contributed to the above pre-
dicted fl uid administration [ 21 ]. As a result of this 
observation, and a concern about over- 
resuscitation, many other burn resuscitation for-
mulas have been developed. The most commonly 
used one in practice, other than the Parkland for-
mula, is the modifi ed  Brooke formula  . In the for-
mula, originally developed by Dr. Artz at the 
Army Burn Center, fl uid resuscitation is initiated 
at 2 ml per kg per % TBSA for adults and 3–4 ml 
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per kg per % TBSA for children in the fi rst 24 h. 
In the second 24 h, colloid is administered at 
0.3–0.5-ml/kg/% TBSA in addition to mainte-
nance fl uid [ 22 ]. In comparison to the Parkland 
formula, the Brooke formula may lead to less fl uid 
administration and fewer complications of over- 
resuscitation [ 23 ]. Regardless of the choice of 
formula to follow, the key tenant of burn shock 
resuscitation is to provide adequate fl uid adminis-
tration to maintain organ perfusion while avoiding 
both the consequences of under- and over-resusci-
tation. This involves not just the initial administra-
tion of fl uid but also constant (hourly) adjustments 
of fl uid rate based on urine output goals (Table  5.1 ).

       Choice of Fluid for Resuscitation 

 As mentioned in a previous section, a severe burn 
injury produces a constant loss of fl uid from the 
intravascular space through a massive infl amma-
tion and on-going  evaporative losses  . Because of 
this, the recommended and most common choice 
of fl uid for burn shock resuscitation is an isotonic 
fl uid that can restore plasma volume. Lactated 
Ringer’s is the common fl uid used in the initial 
resuscitation of burn injury [ 24 ]. Unlike normal 
saline, lactated Ringer’s is an isotonic solution 
that is not administered as large as sodium and 
chloride load. For resuscitation purposes, admin-
istration of lactated Ringer’s as compared to nor-
mal saline maintains a higher plasma pH and less 
pulmonary edema [ 25 ]. For pediatric patients 
under 10 kg, dextrose is often added to lactated 
Ringer’s solution during burn shock resuscitation 
due to the decreased glycogen storage in small 
children [ 26 ]. If feedings are initiated early, then 
adding dextrose is not necessary. 

 While the use of  isotonic crystalloid   during 
 burn resuscitation   is standard therapy for burn 
shock, many burn centers administer colloid fl u-
ids in the form of albumin. Overall, albumin 
administration for hypovolemia has not shown 
any survival benefi t compared to crystalloid 
administration [ 27 ]. However, albumin adminis-
tration during burn shock may reduce fl uid 
requirements in burn patients who are receiving a 
higher than expected rate of fl uid infusion. In 
both pediatric and adult burn patients, adminis-
tration of 5 % albumin along with lactated 
Ringer’s was initiated in patients whose fl uid rate 
was adjusted to a level higher than originally cal-
culated using  the   Parkland formula. The input 
and output ratios were measured for these patients 
and were compared to patients who received only 
crystalloid fl uids. Patients who received albumin 
predictably had a higher input/output ratio in the 
fi rst 14 h following the initiation of resuscitation 
fl uids; however by the fourteenth hour, the input/
output ratios returned to baseline and were not 
different than the crystalloid patients [ 28 ,  29 ]. 
Other colloids such as  fresh frozen plasma (FFP)   
have historically been a part of burn shock resus-
citation formulas (i.e., Brooke, Parkland). 
However, due to the higher costs and risks of 
infection and anaphylaxis, most burn centers do 
not use FFP for burn resuscitation [ 30 ]. 

 Concerns about excessive resuscitation have 
led to the exploration into the use of hypertonic 
crystalloid solutions for  burn shock  . A prospec-
tive randomized trial of pediatric and adult burn 
patients was recently undertaken to compare 
 hypertonic saline (HS)   to  lactated Ringer’s (LR) 
solutions   for burn shock. In this study the overall 
mortality was 9 % for both groups. The HS group 
had a higher fl uid and sodium load in the fi rst 

   Table 5.1    Commonly used  burn resuscitation formulas     

  Adult burn injury resuscitation formulas    24 h fl uid calculation formula  

    Parkland     4 ml per kg per TBSA% 

    Modifi ed Brooke     2 ml per kg per TBSA% 

  Pediatric burn injury resuscitation formulas    24 h fl uid calculation formula  

   Galveston    5000 ml/m 2  burn + 2000 ml/m 2  (BSA) 

   Shriner’s    4 ml per kg per %TBSA + 1500 ml/m 2  (BSA) 

   TBSA%  percentage of total body surface area burned,  BSA  body surface area  
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hour of resuscitation. However, in the subsequent 
23 h, the HS group had a slightly lower, but not 
signifi cant, fl uid administration rate than the LR 
group. Overall, there was not a difference in the 
amount of fl uid administered between both 
groups; however net fl uid retention was signifi -
cantly less in the HS group [ 31 ]. In another retro-
spective study of resuscitation of burn shock 
using  hypertonic lactated saline (HLS)  , overall 
fl uid administration was signifi cantly less. 
Additionally, the HLS group had signifi cantly 
fewer cases  of   abdominal compartment syn-
drome compared to the LR group [ 32 ]. Currently, 
due to the lack of further prospective studies, 
hypertonic crystalloid solutions for burn shock 
resuscitation are not recommended [ 17 ].  

     Guidelines   for Adjusting Fluids 

 Despite the signifi cant fl uid shifts from the intra-
vascular space, most hemodynamic parameters 
do not change signifi cantly during resuscitation. 
Parameters such as mean arterial pressure and 
heart rate either do not change or are unreliable 
measures for guiding burn shock resuscitation 
[ 33 ]. Additionally, preload measurements such as 
central venous pressure also do not exhibit any 
signifi cant changes in the fi rst few hours of burn 
shock resuscitation and are a poor guide to adjust 
fl uids [ 34 ]. More invasive hemodynamic moni-
toring may give more information about a 
patient’s cardiac function, but most studies have 
not shown that invasive hemodynamic monitor-
ing to maximize cardiac function and intravascu-
lar volume is an effective guide for burn shock 
resuscitation. A prospective study of 50 burn 
patients compared invasive thermodilution 
(TDD) monitoring in goal-directed fl uid resusci-
tation to resuscitation using the Baxter (Parkland) 
formula. Patients who were resuscitated using the 
TDD goal-directed method received signifi cantly 
more fl uid than the patients who were resuscitated 
with the Baxter formula. However, patients on the 
goal-directed resuscitation did not have improved 
intravascular volume or cardiac function [ 35 ]. 

 Acid-base balance has also been touted as a 
potential guide for burn shock resuscitation. 

Elevated serum lactate has been associated as a 
potential marker for mortality following burn 
shock. Early measurements of serum lactate were 
found to be associated with increased risk of 
dying, and it was thought that titration of resusci-
tation to normalize lactate levels may be benefi -
cial [ 36 ,  37 ]. Base defi cit was also thought to be a 
potential maker of resuscitation. Elevated base 
defi cits in burn patients are associated with 
increased risk of dying and may be related to poor 
organ perfusion [ 38 ]. Despite the evidence for 
acid-base disorders indicating poor resuscitation, 
goal-directed therapy for burn shock to resolve 
acidosis and lactate levels has shown mixed 
results. In one study, burn shock resuscitation 
guided by TDD monitoring and lactate failed to 
show any overall benefi t. Additionally, the patients 
whose resuscitation was guided by TDD monitor-
ing and lactate received a higher volume of fl uid 
than patients whose resuscitation was guided by 
the Parkland formula [ 39 ]. Another study in which 
burn resuscitation was also guided by TDD moni-
toring and lactate showed that with less restrictive 
hemodynamic goals, this method is effective to 
normalize lactate and maintain organ perfusion 
without administering excessive fl uid [ 40 ]. 

 Despite the ongoing controversy about the 
guidelines of burn resuscitation, maintaining an 
adequate hourly urine output is the current 
standard guideline for burn shock resuscitation 
[ 41 ,  42 ]. Maintaining a urine output of either 
30–50 ml/h or 0.5 ml/kg/h for adult patients has 
been established as the standard goal of effective 
burn shock resuscitation [ 43 ]. For pediatric patients 
under 30 kg, urine output of 1 ml/kg/h is the stan-
dard goal [ 44 ]. Titration of  resuscitative   fl uids 
should start early and fl uids should be adjusted to 
meet adequate urine output [ 15 ]. A recommended 
strategy for the titration of fl uids is to increase or 
decrease fl uids by 10 or 20 %, respectively, if urine 
output is below or above the target goal [ 16 ].  

     Maintenance   Fluids 

 After the fi rst 24 h of resuscitation, the patient 
should be transitioned to maintenance fl uid. 
During the resuscitative phase (fi rst 24 h), fl uid 
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should be titrated to a maintenance goal rate. The 
goal rate should include both the patient’s weight- 
based daily fl uid and salt requirements and addi-
tional fl uid to account for the ongoing 
environmental fl uid loss from the areas of burned 
skin (evaporative loss) [ 45 ]. Evaporative water 
loss from burned skin can be calculated for the 
following equations: for patients that weigh less 
than 20 kg, hourly evaporative loss = (35 + 
%TBSA) × BSA (m 2 ), and for patients that weigh 
greater than 20 kg, hourly evaporative 
loss = (25 + % TBSA) × BSA (m 2 ) [ 6 ,  7 ,  46 ,  47 ]. 
Patients should be maintained at this fl uid rate 
(basal fl uid plus evaporative fl uid loss) until the 
burn skin has healed or skin grafts have fully 
engrafted (Tables  5.2  and  5.3 ).

         Management   of the Complications 
of Resuscitation 

 Due to the massive fl uid shifts following a severe 
burn injury, complications can occur during 
resuscitation that can lead to life-threatening con-
sequences. Prompt recognition and treatment of 
these complications can reverse or mitigate organ 
ischemia and prevent death. The majority of 
complications due to burn shock resuscitation 

result from excessive (more than predicted) fl uid 
administration [ 48 ]. 

 A major life-threatening complication during 
burn shock resuscitation is abdominal compart-
ment syndrome (ACS). The inciting cause is usu-
ally excessive fl uid administration during burn 
shock resuscitation. Patients that receive greater 
than 250 ml/kg of fl uid in the fi rst 24 h after injury 
are at the highest risk of developing abdominal 
compartment syndrome [ 49 ]. ACS during burn 
resuscitation is considered secondary ACS. The 
diagnosis is made based on the following fi nd-
ings: sustained elevated intra-abdominal pressure 
(>20 mmHg) and organ dysfunction or failure 
(acute renal failure, progressive pulmonary fail-
ure, decreased cardiac output) [ 50 ]. A classic 
fi nding of ACS from burn shock is elevated intra-
abdominal pressure, oliguria, and decreased tidal 
volumes. Intra-abdominal pressure can be mea-
sured via bladder pressures and repeated regu-
larly if the concern for ACS is high [ 41 ]. Once the 
diagnosis is confi rmed, a prompt decompressive 
laparotomy should be performed [ 51 ].    During the 
laparotomy, the bowels and intra-abdominal 
organs should be inspected for any injuries. The 
abdominal compartment should be left open and 
not closed. A temporary non- adhesive cover (sili-
cone silastic sheet) should be sewn to the midline 
fascia or skin to protect the abdominal viscera. 
The patient typically improves urine output, ven-
tilation, and hemodynamic stability within hours. 
We have found that the abdomen may often be 
closed within the next few days. 

 Excessive fl uid administration can also lead  to 
  extremity compartment syndromes. The most at 
risk areas of the body are areas that have suffered 
from a circumferential full-thickness burn injury; 
however areas of near circumferential injuries 
are at risk as well. For the extremities, a prophy-
lactic escharotomy can prevent compartment 
syndrome and limb-threatening ischemia from 
developing. Escharotomies of the extremities are 
performed with the patient’s arms or legs in the 
anatomic position. Using cautery or a knife, an 
incision is made on the lateral and medial aspect 
of the extremity and carried down to the subcuta-
neous tissue level. The incision should run the 
entire length of the circumferential burn wound 

   Table 5.2    Maintenance fl uid formulas for 24-h fl uid 
requirements are calculated by adding daily basal fl uid 
requirements and  evaporative fl uid losses     

 Weight  Hourly formula (ml) 

 <20 kg  (2000 × BSA)/24 h +([35 + %TBSA] × BSA) 

 >20 kg  (1500 × BSA)/24 h +([25 + %TBSA] × BSA) 

   %TBSA  percentage of total body surface area burned,  BSA  
body surface area  

   Table 5.3    Example of resuscitation and maintenance 
fl uid requirements for an  adult     

 Example: 20-year-old male who suffered 
a 50 % TBSA burn injury 

 Weight: 80 kg 

 Height: 183 cm 

 BSA = 2 m 2  

 Parkland formula resuscitation = 4 × 80 × 50 = 16,000 ml/h 

 Hourly maintenance 
fl uid = (1500 × 2)/24 + ([25+50] × 2) = 275 ml/h 
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(Figs.  5.1  and  5.2 ). If a compartment syndrome 
persists, then the patients should undergo a fasci-
otomy of the relevant muscle compartment 
(Fig.  5.3 ). For the forearms this involves the 
volar muscle compartments and for legs this 
involves the four compartments of the calf. The 
anterior compartment is at greatest risk for com-
partment syndrome and is followed by the lateral 
compartment. For thermal burns, the posterior 
compartments are at less risk for problems. For 
concerns about circumferential burn wounds of 
the trunk, an escharotomy should be performed 
in a similar manner. The incisions should start on 
both sides of the trunk at the level of the anterior 
axillary lines [ 52 ].

     For patients with severe burn injuries who are 
not mechanically ventilated, burn shock resusci-
tation can increase airway edema leading to 
acute respiratory failure. Patients who are 
 spontaneously ventilating should be monitored 
closely for airway edema in the fi rst 24 h after 
injury. Any signs of respiratory decline should 
prompt immediate airway evaluation. Tracheal 
intubation is easier before the airway edema 
increases and if there is any concern for acute 
respiratory failure, then the patient should be 
intubated [ 53 ]. 

 Excessive fl uid administration during burn 
resuscitation can also lead to many long-term 
complications such as pneumonia, organ failure, 

  Fig. 5.1     Escharotomies   of the upper extremity should be placed with hand supinated and along the lateral and medial 
aspect of the extremity       

  Fig. 5.2     Escharotomies   of the lower extremity should be placed both laterally and medially       
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and infections [ 49 ]. To offset these occurrences, 
fl uid management goals should include the addi-
tion of strategies to prevent excessive fl uid 
administration. One major strategy is to avoid 
continuous infusion of opioids during burn shock 
resuscitation. “Fluid creep” is a phenomenon that 
has been increasingly prominent over the last 
decade. “Fluid creep” is the observation that both 
the volume of fl uid administered for burn shock 
and the dosage of opioid administered during 
burn shock resuscitation have been going up over 
the last three decades [ 20 ,  21 ]. This association 
has caused many burn physicians to alter the ini-
tial opioid strategy. Hourly intermittent doses of 
opioid should be given if the patient appears to be 
in pain; however, continuous opioid infusion 
should be avoided in order to limit the dosage 
administered. 

 Another strategy to avoid excessive fl uid 
administration is starting antioxidant therapy. 
A severe burn injury causes the release of perox-
ides that eventually lead to the peroxidation of 
lipids and the formation of free radicals. These 
lipid free radicals cause further cellular  damage 
   resulting in increased infl ammation, vascular per-
meability, and eventually decreased intravascular 
volume [5]. In order to mitigate this process, 
high-dose antioxidant therapy is effective. 

In a randomized trial of high-dose ascorbic acid 
in during burn shock, patient who received high- 
dose ascorbic acid required signifi cantly less 
fl uid and had less tissue edema [ 54 ]. High-dose 
ascorbic acid infusion is started at 66 mg/kg/h. 
The solution is mixed into 1 l of lactated Ringer’s 
and is infused for 24 h. Titration of fl uids pro-
ceeds as per previously described. Care must be 
taken when interpreting glucose results from 
 glucometers. Due to the redox reaction used by 
most glucometers to test glucose levels, glucose 
 readings are falsely elevated during high-dose 
ascorbic acid infusion [ 55 ].  

    Summary 

 Prompt and accurate resuscitation of the burn 
patient is important to prevent complications of 
under- or over-resuscitation. Formulas should 
only be used to initiate resuscitation. All other 
adjustments in fl uid should be based on the 
 physiologic response of the patient—especially 
urine output. Other indicators of the adequacy of 
resuscitation are still lacking. On occasion, the 
burn surgeon must deal with the complications of 
resuscitation—compartment syndromes, renal 
failure, and acute respiratory distress syndrome.     

  Fig. 5.3    The pressures in the anterior and lateral leg compartments were still high so  fasciotomies   were performed in 
both compartments       
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      Metabolic Response to Burn                     

     Steven     E.     Wolf     

  6

          Pathophysiology 
of  Hypermetabolism    and 
Catabolism   

 Severe burns signifi cantly disrupt all normal 
metabolic processes, resulting in massive 
changes in systems generating and expending 
energy and those supporting critical bodily func-
tions. Presumably these changes occur in an 
effort to respond favorably to the wounding pro-
cess, which includes wound closure but also 
efforts to stave off microorganisms and protect 
from the external environment while the wound 
heals. A genomic storm ensues from the initial 
infl ammatory response to wounding with signifi -
cant changes in over 80 % of the genome in cir-
culating cells [ 1 ]. The effects are  massive 
  changes in endocrine signaling and infl amma-
tory mediator activity resulting in the condition 
referred to as “hypermetabolism.” This is high-
lighted by the fi nding that all nutritional sub-
strates are heavily utilized for energy production, 
both effective for reestablishing tissue integrity 
and ineffective through futile substrate cycling. 
Metabolically active tissues such as the muscle 

and liver are then compromised as these are used 
for substrate and as the engines of the metabolic 
response. Finally, the above events are com-
pounded by the effects of treatment, which often 
include bedrest, and has its own effect to change 
metabolism and result in loss of muscle tissue 
and catabolism. 

 The condition of hypermetabolism persists 
until the wound is converted to scar, and even 
thereafter for up to 1 year until homeostasis is 
fi nally reached [ 2 ]. The challenge for the burn 
care provider then is to maximize and accelerate 
the benefi cial effects of metabolism in the wound 
healing process while minimizing the long-term 
effects of catabolism. This is done through source 
control with rapid wound closure, nutritional 
management to provide substrate in excess of uti-
lization, considerations for pharmacological 
manipulation of the hypermetabolic state to max-
imize benefi t and attenuate risk, and generation 
of normal mobility to minimize the effects of 
bedrest and disuse. These efforts are often intense 
and prolonged.  

    Hormone  Changes   

 One of the hallmarks of the response to injury is 
the dramatic changes that occur in hormone 
secretion and activity. Classically, this response 
was divided into “ebb” and “fl ow” phases in 
accordance with two distinct equilibria 
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 established at sequential time points [ 3 ]. 
Immediately after injury, the metabolic systems 
are relatively hypometabolic with diminished 
cardiac activity and absence of robust infl am-
mation. After 3–5 days, increased secretion of 
catecholamines, cortisol, and glucagon/insulin 
and infl ammatory genetic changes are associ-
ated with the hyperinfl ammatory condition 
referred to as hypermetabolism (“fl ow” state). 
Increased catecholamine activity appears to be 
central to this response [ 4 ] as does increased 
cortisol activity [ 5 ] (though this appears to be 
pale in comparison to the effects of 
hypercatecholaminemia). 

 Catecholamines act directly to induce 
increased  hepatic gluconeogenesis   and glyco-
genolysis and increased  lipolysis   which will be 
described in depth below. Activation of 
beta- adrenergic receptors favors the release 
and activity of glucagon in comparison to insu-
lin due to concurrent alpha-adrenergic inhibi-
tion of insulin release, further augmenting the 
response.  Glucocorticoid hormones   also 
increase probably through central mechanisms 
related to pain and infl ammation having similar 
actions  to   that of the catecholamines on 
 substrate metabolism, thus augmenting the 
above responses.  

    Substrate Changes 

 Severe burns are characterized by hormone and 
infl ammatory mediator activity to induce mobili-
zation of available substrates for energy produc-
tion. Excess carbohydrate in the form of hepatic 
glycogen is rapidly exhausted, and new glucose 
from  dietary   sources and conversion from other 
substrates are burned for energy production as 
well as futile cycling into lactate and back to glu-
cose (Fig.  6.1 ). Increased lactate concentration is 
common following a severe burn which was 
thought to be due to some limitation in pyruvate 
dehydrogenase that limits entry of glucose metab-
olites into the Kreb’s cycle; since pyruvate cannot 
be adequately metabolized, it is shunted to pro-
duction of lactate. Further, inadequate microcir-
culation and oxygen abundance might be thought 
to cause shunting to lactate and anaerobic metab-
olism. However, studies have shown that  pyru-
vate dehydrogenase activity   is increased by up to 
300 % after severe burn; thus the increase in lac-
tate and subsequent futile cycling into and from 
glucose appears to be from massively increased 
glycolysis rather than some downstream limita-
tion from oxygen availability [ 6 ]. Thus, increased 
lactate concentrations are not necessarily from an 
increase in anaerobic metabolism but could be 

HORMONE
ACTIVITY

INFLAMMATORY
GENE

ACTIVATION

CENTRAL MEDIATORS
(PAIN)

HYPERMETABOLISM

GLUCOSE

PROTEIN

FAT

•    Glycolysis

•    Net Breakdown

•    Deamination

•    Lipolysis

•    Oxidation not Increased

•    Increased Cycling

•    Increased Cycling

•    Gluconeogenesis
•    Lactate Cycling

  Fig. 6.1    Schematic of the causes of hypermetabolism 
and the  effects   on substrate metabolism. The burn wound 
induces hormone changes, infl ammation, and central 

effects associated with pain to induce all the metabolic 
components of substrate hypermetabolism       

 

S.E. Wolf

tpham94@uw.edu



75

seen simply as a result of the injury and the meta-
bolic consequences. The cycling process uses 
energy generated from these metabolic processes 
in futile substrate processing and generates heat. 
This heat is clearly related to hyperpyrexia com-
mon in the severely burned.

   As increased glucose cycling is established, 
muscle proteolysis also ensues from an increase 
in protein breakdown that is increased by up to 
50 % in well-controlled studies [ 7 ]. Human stud-
ies in the severely burned corroborate these fi nd-
ings [ 8 ] which is paradoxically associated with 
an increase in protein synthesis. However, the 
increase in synthesis is insuffi cient to meet the 
increased protein breakdown, yielding a negative 
net balance of protein in the muscle. When this 
condition of negative net balance of protein in the 
muscle persists for weeks to months, muscle 
mass is lost with consequent decrease in strength 
and function [ 9 ]. 

 The amino acids liberated from increased pro-
teolysis reach the circulation and are deaminated 
for energy production as well as building blocks 
for other uses. Structural and constitutive pro-
teins that were degraded to amino acids then 
enter into (1) the  TCA cycle   for energy produc-
tion, (2) the liver to be used as substrate for glu-
coneogenesis, (3) the synthesis of new 
acute-phase proteins, or (4) cycling back to the 
same types of protein in protein synthesis. Most 
available body protein for this process is located 
in the musculature, thus depleting the muscle of 
its basic building blocks. Eighteen of the 20 
amino acids are glucogenic and thus can be used 
for glucose synthesis. The processes surrounding 
these are not static, and continue in the back-
ground, with amino acids that are used for pro-
tein synthesis only to cycle back to protein 
breakdown; all of this requires energy and further 
results in production of heat. In particular, 
 glutamine is mobilized from the muscle with 
decreases by more than 50 % in the tissue as well 
as plasma. One  potential   benefi t for the gluta-
mine mobilization may be as a nontoxic nitrogen 
donor as much of the glutamine appears to be 
used by infl ammatory cells [ 10 ]. This provides a 
rationale for glutamine supplementation during 
recovery from injury; however, parenteral deliv-

ery of glutamine in critically ill surgical patients 
(not severe burns) was associated with no benefi t 
[ 11 ]. Enteral sources appear to be more benefi cial 
[ 12 ], particularly in burns, and a large multicenter 
trial has now commenced to determine potential 
improvements in outcomes. 

 Mobilization of fat is also a hallmark of the 
response to severe burn. Lipolysis is massively 
increased through augmented catecholamine sig-
naling [ 6 ]. The free fatty acids that are generated 
are transported to the liver and muscle and re- 
esterifi ed into triglyceride. In the case of the 
liver, these triglycerides are packaged into  very 
low-density lipoprotein (VLDL) complexes   and 
transported back to the periphery, again with 
cycling to and fro in an energy-requiring process. 
However, production of VLDL particles to trans-
port fat out of the liver is insuffi cient to meet the 
increased delivery of free fatty acids, yielding 
fatty infi ltration of the liver [ 13 ]; a similar pro-
cess occurs in the muscle. To add further dys-
function, beta-oxidation rates of fat is also  not 
  appreciably increased after injury in response to 
the greater availability, yielding “ectopic” sites of 
fat in sites other than adipose tissue [ 14 ]. It has 
been proposed that the presence of this ectopic 
fat may be a key mediator in insulin resistance 
seen after severe burn and argues against the use 
of exogenous fat through the diet, since this 
source is inadequately utilized and only adds to 
the cycling problem.  

    Body Mass Changes 

 Severe burns have long been noted to have signifi -
cant changes in body composition related to the 
substrate changes mentioned above. When the 
hypermetabolic state of futile substrate cycling 
and increased net proteolysis is prolonged, the 
result is loss of lean body mass which can be up to 
40 % of the pre-injury condition and is commonly 
at least 10 % even in those with burns between 20 
and 40 %  total body surface area (TBSA)   [ 15 ]. 
Studies using dual-image X-ray absorptiometry 
during acute hospitalization for severe burn 
 confi rm that muscle mass is lost both centrally 
and in the periphery, but curiously, fat mass is not 
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particularly decreased [ 16 ]. Further,  these   changes 
are prolonged and in severely burned children do 
not go back to normal states of growth for at least 
9 months after the initial injury [ 2 ]. Therefore, the 
effects of burn on metabolic states are dramatic 
with signifi cant consequences.  

     Genetic Changes   

 The Glue Grant sponsored by the National 
Institute for General Medical Sciences led us to 
much greater understanding of the response to 
severe burn related to infl ammation and associ-
ated changes in metabolism (www.gluegrant.
org). These investigators found massive changes 
throughout the genome in the severely burned, 
with over 80 % of genes signifi cantly up or down-
regulated in circulating cells [ 17 ]. Almost all 
genes associated with innate immunity were 
upregulated, while those associated with adap-
tive responses were downregulated. Further, the 
genetic responses seen were not related to the 
subsequent clinical outcomes when these were 
categorized. Finally, the genetic responses were 
95 % congruent to those with other severe inju-
ries, suggesting a common pathway of response 
[ 18 ].    Many years ago, Dr Basil Pruitt called 
severe burn the “universal trauma model” 
because of the similarity of responses to other 
severe injuries, and burns in particular are rela-
tively easily quantitated by total body surface 
area burned, making study of this condition eas-
ier to categorize and compare [ 19 ]. This is par-
ticularly relevant in terms of metabolism and the 
expected responses. 

 The relation of the fi ndings of the Glue Grant 
to metabolism is principally that responses to 
burn are similar to that of other injured patients 
with prolonged care. The massive genomic 
changes are indeed correlated with the signifi cant 
changes in the metabolic systems that are also 
common between severe burns and those with 
other severe injuries. This is associated with mas-
sive changes throughout the genome with associ-
ated infl ammation with correlated metabolic 
changes. It is likely that this infl ammation 
induces, at least in part, the metabolic changes 
described above.  

    Changes Associated with  Treatment   

 One of the factors that is not commonly consid-
ered in hypermetabolism and associated catabo-
lism is the effect of treatment, namely, bedrest 
and disuse. Severely burned patients are often 
confi ned to bed due to pain from movement and 
to minimize shearing of grafts. This condition 
often lasts for days to weeks. It is well known that 
disuse of muscle leads to atrophy [ 20 ], exactly 
what is seen in the severely burned. We are only 
now beginning to appreciate the impact of disuse 
in the metabolic changes seen after burn. It is 
common for efforts to be made to increase mobil-
ity; however, these are diffi cult to control and 
more importantly diffi cult to measure. Recently, 
a rodent model was devised combining severe 
burn with disuse through a hind limb suspension 
model [ 21 ]. This model found that severe burn 
did induce muscle loss, but the effect was rela-
tively short-lived and not congruent with the clin-
ical condition. However, when disuse was added, 
catabolism was greater particularly over a pro-
longed period similar to what is seen in burned 
patients. These studies showed that the burn 
effect was more prominent in type I fast-twitch 
muscle, while the effects of disuse were higher in 
type II or slow-twitch fi bers [ 22 ,  23 ]. This fi nding 
is plausible since type II muscle fatigues more 
slowly and might be more closely linked to rou-
tine mobility such as standing and walking. 
Further, these studies showed that the muscle 
mass losses were also associated with decreased 
muscle function [ 24 ], another fi nding common in 
the severely burned. It seems  that   we may have 
found a preclinical model that recapitulates the 
clinical condition more closely, and importantly 
this model includes injury as well as disuse. 
Further studies with this model could be used to 
defi ne the effects of exercise in a measureable 
way as well as more closely mimic the effects of 
 pharmacologic treatments  .  

    Resolution 

 Common teaching suggests that once treatment 
for the wounds is complete, beginning the phase 
of convalescence, hypermetabolism resolves 
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leading to a phase of anabolism. However, data 
suggest that this is not the case in severe burns, at 
least in the fi rst year. Severely burned children 
were studied in a time course after injury for 
changes in  metabolic markers   [ 25 ] as well as 
muscle metabolism [ 2 ], and these investigators 
found that catabolism continued for up to 9 
months from injury well after wound closure was 
secure and convalescence commenced. Only 
after a year from injury were these children found 
to be at a level to that of normal controls. 
Investigators found that some infl ammatory 
mediators remained signifi cantly elevated over 
this time period as well. Potential reasons for the 
prolonged period of catabolism may lay with the 
infl ammation that persists due to immature scars, 
as the time periods coincide with scar maturation. 
Thus, signifi cant  whole-body infl ammation   per-
sists even after wound closure continuing the 
metabolic changes described above. Further, 
mobility is impaired associated with scar forma-
tion and continued painful motion, oftentimes of 
the neuropathic type. This leads to lack of ana-
bolic signals for muscle growth and thus the 
effect. 

 Interestingly, clinical observation found that 
at about the 9 month to 1-year point after injury, 
body mass begins to return to normal; however, 
this is commonly fat mass rather than lean mass. 
This idea has not been described in any detail; 
however, this might suggest that the return of fat 
metabolism to a more normal state is the precur-
sor to generalized muscle anabolism under cur-
rent regimens of recovery. This observation 
should clearly be investigated more fully.  

    Nutrition Support 

 A universal fi nding after severe burn is an 
increase in energy expenditure related to injury 
severity [ 8 ]. Both resting and total energy expen-
diture are increased which is associated with 
energy for wound healing as well as futile sub-
strate cycling as described above. Regardless of 
the cause, increased energy expenditure should 
be met with an increase in energy provision 
through increasing the delivery of exogenous 

substrate from the diet.  What   is very clear is that 
failure to deliver adequate nutrition in the 
severely injured is associated with poorer out-
comes, particularly in severe burns [ 26 ]. Thus, 
early feeding of the burned patient, generally 
through enteral means due to cost and safety, is 
the clear and established standard of care through-
out the world. The question then is not whether to 
provide an adequate diet but instead “how much 
is enough” since dangers are also present with 
overfeeding [ 27 ]. Investigators found that the 
provision of calories above resting energy expen-
diture in the form of  protein and carbohydrate   did 
not in fact increase lean mass any further but only 
added to fat mass [ 16 ]. These fi ndings highlight 
the general notion that nutrition should be given 
to the severely burned, but too much might not 
have further benefi t. Therefore many approaches 
have been developed to provide some guidelines 
for nutritional provision.  

    Nutritional Recommendations 

 Nutrition has been recognized as an important 
treatment for the severely burned. Many formu-
lae exist that provide guidelines for nutritional 
delivery in the severely burned (Table  6.1 ). One 
of the fi rst of these was the Curreri formula which 
is expressed as 25 kcal/kg + 40 kcal/% TBSA 
burned and was derived from nine patients [ 28 ]. 
This formula has been found to generally overes-
timate caloric utilization when compared to indi-
rect calorimetry measurements [ 29 ]. Another 
commonly used formula is a derivation of the 
Harris-Benedict equation, which was developed 
in the year 1919 using whole-body calorimetry in 
normal volunteers. For burns, a multiplicative 
modifi er of 1.5 for burns 20–50 % TBSA and 2.1 
for burns over 50 %  TBSA  . This formula also 
overpredicts utilization, leading some to recom-
mend lower modifi ers [ 30 ]. Other formulae were 
subsequently developed and include that from 
[ 31 – 35 ]. Of all of these, many investigators have 
found that no formula is particularly predictive of 
calorie production measured by  energy expendi-
tur  e because of variability within the population 
[ 36 ], but each provides a reasonable estimate that 
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could be used clinically. I recommend that any 
might be used for initial estimates recognizing 
the variability that is found between patients. In 
addition, the bulk of this should be given enter-
ally, as supplementing enteral feeding with par-
enteral has been tested and was not shown to be 
of benefi t and was actually harmful [ 37 ].

   Some have recommended that caloric deliv-
ery might be individualized based upon actual 
energy expenditure. In severe burns, total energy 
expenditure is estimated to be 1.2 times mea-
sured resting energy expenditure [ 38 ], and to 
account for vagaries and insure underfeeding 
does not occur, 1.4 times resting energy expendi-
ture has been recommended [ 39 ]. This approach 
might be used when indirect  calorimetry   is used 
to monitor energy expenditure, but it comes with 
caveats. Increased feeding will itself increase 
energy expenditure associated with the energy 
utilized for digestion and handling substrate. 
Much of the futile substrate cycling mentioned 
above is probably associated with caloric deliv-
ery rather than solely related to the injury. This 
was shown in severely burned children who were 

not aggressively fed, and the results indicated 
that resting energy was actually much lower than 
predicted in the absence of feeding [ 40 ]. These 
fi ndings then imply that we do have some control 
over resting energy expenditure, and feeding 
more calories will likely induce an increase in 
energy expenditure. Therefore the use of indirect 
calorimetry to measure resting energy expendi-
ture as a target for caloric delivery must be seen 
in this light. 

 Another issue to consider is delivery of pro-
tein. Delivery of this substrate is clearly benefi -
cial given the changes in utilization and the need 
for availability. Like that of caloric delivery, 
studies have shown that no particular amount is 
indicated once a threshold is reached. Most prac-
titioners suggest that at least 1–2 g/kg is needed 
to support protein metabolism in the severely 
burned. 

     Substrate   

 Carl von Voit, a German chemist and physiolo-
gist in the late 1800s, explored the metabolic 
implications of protein, fat, and carbohydrate 
delivery. He observed that when dogs main-
tained on a protein diet alone were given fat, it 
only led to increased fat stores. Furthermore, he 
noted that carbohydrates were preferentially 
oxidized for energy regardless of volume 
administered [ 41 ]. This notion is congruent 
with the fi ndings of metabolism after severe 
burn, in that beta- oxidation of fat is not 
increased after injury [ 6 ]; protein is not a desir-
able source of energy as amino acids might be 
better utilized for production of functional pro-
tein, leaving carbohydrate as the preferred fuel 
source. The association and signifi cance of von 
Voit’s work to the predominant notions of nutri-
tional support and management of critically ill 
patients today cannot be overstated. I therefore 
recommend that caloric sources should be pri-
marily carbohydrate for the severely burned to 
spare protein and fat, recognizing that some fat 
should be given to minimize essential fatty acid 
defi ciency.   

   Table 6.1    Nutritional  formulae   used in burns   

 Curreri  25 × wt (kg) + 40 × TBS burned 

 Harris- 
Benedict 

 Men: [66 + (13.7 × wt (kg)) + (5 × ht 
(cm)) – (6.8 × age (y))] × injury 
factor × activity factor 

 Women: [655 + (9.6 × wt (kg)) + (1.8 × ht 
(cm)) – (4.7 × age (y))] × injury 
factor × activity factor 

 Activity factor 1.5–2.1 for burn 

 Ireton- Jones  Mechanically ventilated: 1784 − 11[age 
(y)] + 5 [wt (kg)] + 244 (males) + 239 for 
injury + 804 for burn 

 Not ventilated: 629 − 11[age (y)] + 25 
[wt (kg)] – 609 (females) 

 Zawacki  1440 × TBSA burned (m 2 ) 

 Carlson  Basal metabolic rate (Harris- 
Benedict) × [0.89142 + (0.01335 × TBSA 
burned)] + [body surface area 
(m 2 ) × 24] × activity factor 

 Xie  [1000 × body surface area 
(m 2 )] + (25 × TBSA burned) 

 Milner  Basal metabolic rate (Fleisch 
equation) × (0.274 + 0.0079 × TBSA 
burned – 0.004 × day after burn) 
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    Handling  Hypermetabolism   

 Addressing hypermetabolism after injury is a dif-
fi cult problem with no clear solutions other than 
attempts at control of the source of hypermetabo-
lism (the burn wound), dietary support, perhaps 
some pharmacologic manipulation of metabolism 
for benefi t, and early  mobilization   and exercise. 
Control of the source of hypermetabolism is para-
mount, as sepsis that develops in the background 
of severe burn clearly increases energy expendi-
ture and catabolism [ 8 ]. Early excision of the burn 
wound has been shown to decrease catabolism 
and is a practice that should be followed in addi-
tion to aggressive treatment of infection.  

    Pharmacologic Interventions 

 Upon examining the model of increased muscle 
proteolysis associated with injury (Fig.  6.2 ), the 
effects of hypermetabolism on the muscle might 
be limited mechanistically in a number of ways. 
The fi rst is to increase amino acid availability in 
the cell through increased inward transport of 
amino acids by increasing the interstitial fl uid 
concentration. This is partially the reason that 
dietary protein is given; however, this approach 

has been found to be ineffective in affecting net 
balance once a threshold is reached [ 16 ]. This 
threshold is likely reached through any of the 
available feeding formulae. A second strategy 
might be to stimulate protein synthesis, using the 
available intracellular amino acids from increased 
inward transport and those from increased pro-
tein breakdown. This could be considered 
increased protein synthetic effi ciency since more 
amino acids within the cell go back into protein 
rather than leaving the cell. This response can be 
induced pharmacologically with a number of 
agents that I will describe below. A third strategy 
would be to inhibit protein breakdown within the 
cell through affecting the cellular protein break-
down machinery, such as inhibition of ubiquitin 
and other breakdown actors. However, this pos-
sibility remains speculative at this point, as none 
of the agents used to manipulate clinical metabo-
lism have been shown to affect this pathway.

      Stimulation of  Anabolism   

 Pharmacologic adjuncts are often utilized to 
diminish catabolism to improve net protein syn-
thesis. While they may reach this point on their 
own, these therapeutic interventions can shorten 

PROTEIN BREAKDOWN
(inhibit mechanism of breakdown)

(not currently possible)

PROTEIN SYNTHESIS
(increased protein synthetic efficiency)

AMINO ACIDS
[increased abundance through diet increases inward transport (to a point)]

AMINO ACIDS

PROTEIN

Muscle Cell

1

2 3

  Fig. 6.2     Pictorial description   of the fl ow of amino acids 
into and out of the cell and into and out of protein. 
Strategies to increase protein abundance would be to (1) 
increase intracellular concentration through dietary 
means, (2) increase the signals for protein synthesis which 
utilizes amino acids from both inward transport  and  from 
protein breakdown, (3) or inhibit protein breakdown. 

Efforts to increase inward transport through the diet are 
effective only to a point, and this point is commonly 
reached using the current diet formulas, and the anabolic 
agents regardless of class all work through the second 
strategy to increase protein synthetic effi ciency of avail-
able amino acids. The fi nal strategy has no known effec-
tive agents       
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the infi rm period and improve recovery. The 
adjuncts can be broken into three major classes, 
soluble protein hormones, anabolic steroids, and 
beta-blockade.  

    Soluble  Protein  s 

 Many hormones are known to induce anabolic 
activity in cells, and most are related to growth 
factor activity through the phosphoinositol-3 
related pathways. Growth hormone was the fi rst 
agent used clinically to affect metabolism after 
injury. Sir David Cuthbertson used doses of 
growth hormone to improve protein balance in a 
leg fracture model [ 42 ], and investigators showed 
in 1991 using protein kinetics data measured in 
an isolated limb that burned adolescents given 
recombinant human growth hormone (rhGH) 
increased net protein synthesis in the muscle. 
This study also showed that insulin, by itself, had 
a similar effect [ 43 ]. However, enthusiasm for the 
use of growth hormone to treat hypermetabolism 
was severely diminished by the fi ndings that the 
use of growth hormone in critically ill adults was 
associated with increased mortality [ 44 ]. This 
was not found to be the case in burns [ 45 ]; how-
ever, the emergence of other safer modalities has 
further dampened use. 

  Insulin-like growth factor-1 (IGF-1)   is another 
agent that is in fact induced by growth hormone 
and is thought to be the principal actor in its ana-
bolic effects. IGF-1 can be given to produce anab-
olism without some of the effects seen with 
growth hormone alone. IGF-1, when given to 
burned patients, decreased protein oxidation and a 
 promoted   glucose uptake while not changing rest-
ing energy expenditure [ 46 ]. The use of IGF-1 
alone is plagued by induction of hypoglycemia 
through its effects on glucose transport into the 
cell. This effect can be diminished by giving 
IGF-1 with its principal binding protein  insulin- 
like growth factor-1 binding protein-3 (IGFBP- 3)  , 
which retained its anabolic effect on leg muscle, 
and was most profound in those who were the 
most catabolic [ 47 ]. A similar effect was seen in 
adults given IGF-1/IGFBP-3, but several of these 
subjects developed peripheral neuropathies, again 

quelling any enthusiasm for widespread use of 
this agent [ 48 ]. 

 Insulin is in fact the most potent anabolic 
agent for muscle anabolism. When given in sus-
tained doses even in those with insulin resistance, 
it induced improved protein net synthesis in the 
severely burned [ 49 ]. The fi rst of these studies 
was done with high doses of insulin (>30 units/h) 
given for 3–5 days and demonstrated dramatic 
effects on protein synthesis, making even those 
patients who were at bedrest anabolic (net addi-
tion of muscle protein). This was associated with 
an increase in inward transport of amino acids as 
well as improved protein synthesis by more than 
200 %. Other studies with lower doses were also 
effective in increasing net protein synthesis but 
had no effect on inward transport. When this 
dose of insulin was given for the entire hospital 
stay, it increased lean body mass and decreased 
length of hospital stay without increased caloric 
delivery. Interestingly, it also had dramatic 
effects on fat mass perhaps through inhibition of 
lipolysis [ 50 ].  

    Androgenic Steroids 

 Testosterone is the representative  androgenic   ste-
roid normally produced in higher quantities in 
men, but a small amount is also produced in 
women. There are other derivatives of testoster-
one that have anabolic properties, but all of these 
are severely decreased after severe injury and ill-
ness. When testosterone itself was given to 
severely burned men to normalize these levels, 
protein synthetic effi ciency improved over two-
fold with a decrease in whole-body protein 
breakdown. The authors concluded that testoster-
one could be used to ameliorate muscle catabo-
lism after injury; however, the androgenic 
properties such as potential for hirsutism must be 
considered [ 51 ]. 

  Oxandrolone   is an analogue of testosterone 
with only 1/6th of its androgenic potency, and 
this compound has been in common use to treat 
muscle wasting in severe burns. Many studies 
have been done to demonstrate the safety of 
oxandrolone, and its mechanism  of   action has 
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been shown as an increase in protein synthesis 
using intracellular amino acids [ 52 ,  53 ]. It is 
effective in both children and adults [ 15 ]. When 
given over the entire hospitalization in a multi-
center randomized clinical trial, it was shown to 
decrease length of hospital stay without signifi -
cant side effects [ 54 ]. The investigators found 
some increase in hepatic transaminases; how-
ever, this was not associated with any clinical 
signs or symptoms. This was also associated 
with a decreased number of operations for 
wound closure. These fi ndings have subse-
quently been corroborated in meta-analyses of 
extant data [ 55 ,  56 ].  

    Beta-Blockade 

 Several studies have been done in the severely 
burned to demonstrate the benefi cial effects of 
propranolol on metabolism in the severely 
burned. Initial studies were done to decrease 
heart rate, showing benefi t for overall cardiac 
work [ 57 ]. Further studies using  a   dose that 
decreased heart rate by 20 % in children dem-
onstrated effects on fat metabolism to decrease 
lipolysis with benefi cial effects on fat cycling 
and decreasing fatty infi ltration of the liver 
[ 58 ]. In addition, beta-blockade is likely one of 
the few available means to decrease energy 
expenditure and thus could decrease minute 
ventilation in those with high ventilator pres-
sures. Perhaps most intriguingly, propranolol 
effects on muscle were examined, and signifi -
cant increases in net protein synthesis were 
demonstrated that resulted in improved lean 
body mass [ 59 ]. The effect was again through 
improved muscle protein synthetic effi ciency 
and not through decreased protein breakdown 
as was expected. It is still confusing as to how 
a catecholamine inhibitor  increases  protein 
synthesis, implying that catecholamines have 
an action to decrease synthesis even when it is 
above normal levels. Further work will be done 
to investigate this fi nding.    Large clinical trials 
are currently underway to further show effects 
of beta-blockade in adults, and we look forward 
to the results.  

    Anabolic Agents Summary 

 A summary of the information above suggests 
that the most effective and safe anabolic agents 
for use include insulin, oxandrolone, and pro-
pranolol. All of these are in common use in most 
burn centers.   

    Critical Care 

 A number of advances in critical care have 
occurred in the past several years, and the  meta-
bolic ramifi cations   of these treatments have not 
been well studied. Among these are new ventila-
tor techniques and the growing use of continuous 
renal replacement therapies. It has been known 
for some time that mechanical ventilation induces 
an increase in energy expenditure, but much of 
the work demonstrating this fi nding was done 
before the advent of low-pressure ventilation 
strategies and open-lung strategies common in 
burn centers [ 60 ]. It might be presumed that these 
newer methods that are more comfortable and 
less stressful to the patient might decrease energy 
utilization; however, we cannot know for sure. 
Whether recommendations for dietary provision 
should change is also not known. 

  Renal replacement   therapies in the ICU are 
now a commonplace and for burns in particular 
have signifi cantly improved outcomes [ 61 ,  62 ]. 
However, the effects on hypermetabolism after 
severe injury have not yet been described. The 
continuous fi ltration of the plasma is likely to 
have effects to decrease some of the infl amma-
tory mediators that partly drive the hypermeta-
bolic response as one example. Further, fi ltration 
of amino acids is also likely to occur, resulting in 
a loss of protein. Whether changes in dietary pro-
vision should be considered is not known.  

    Increased Activity 

 As stated previously, the effects of  bedrest and dis-
use atrophy   in burned patients have not been fully 
recognized until recently. The solution to this prob-
lem is to increase activity through mobilization 
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and exercise. However, bedrest was never the 
desired condition for burn care providers, but resis-
tance to aggressive physical activity was tempered 
by the negative consequences of graft loss due to 
shearing forces and the empiric belief that exercise 
is not possible during the critical illness phase of 
treatment or even during convalescence. Both of 
these concerns have now been drawn into ques-
tion, as several have shown that graft loss does not 
appreciably increase with mobilization [ 63 ] and 
further that exercise is indeed possible during hos-
pitalization and in convalescence, even in children 
[ 64 ,  65 ]. Recently, a trial was begun on the effects 
of a directed exercise program in burned patients 
while in the ICU as well as in convalescence, and 
the early results are showing benefi t. We await the 
results of these trials and complete description of 
the effects.  

    Conclusion 

 Almost all burned patients develop the condition 
termed “hypermetabolism” for a variety of rea-
sons which have been known for some time. The 
effect is profound and long-lasting and most vis-
ibly results in lean mass catabolism and wasting. 
Interventions to diminish the effects of this con-
dition include attention to closing the wound and 
control of sepsis complications, provision of diet, 
and more recently considered increased activity.     

   References 

    1.    Xiao Y, Hsiao TH, Suresh U, Chen HI, Wu X, Wolf 
SE, et al. A novel signifi cance score for gene selection 
and ranking. Bioinformatics. 2014;30(6):801–7. 
PubMed Pubmed Central PMCID: 3957066.  

      2.    Hart DW, Wolf SE, Mlcak R, Chinkes DL, Ramzy PI, 
Obeng MK, et al. Persistence of muscle catabolism after 
severe burn. Surgery. 2000;128(2):312–9. PubMed.  

    3.    Moore FD. Bodily changes in surgical convalescence. 
I. The normal sequence observations and interpreta-
tions. Ann Surg. 1953;137(3):289–315. PubMed 
Pubmed Central PMCID: PMC1802509.  

    4.    Wilmore DW, Long JM, Mason Jr AD, Skreen RW, 
Pruitt Jr BA. Catecholamines: mediator of the hyper-
metabolic response to thermal injury. Ann Surg. 
1974;180(4):653–69. PubMed Pubmed Central 
PMCID: PMC1344163.  

    5.    Vaughan GM, Becker RA, Allen JP, Goodwin Jr CW, 
Pruitt Jr BA, Mason Jr AD. Cortisol and corticotro-
phin in burned patients. J Trauma. 1982;22(4):263–
73. PubMed.  

      6.    Wolfe RR, Herndon DN, Jahoor F, Miyoshi H, Wolfe 
M. Effect of severe burn injury on substrate cycling 
by glucose and fatty acids. N Engl J Med. 
1987;317(7):403–8. PubMed.  

    7.    Clark AS, Kelly RA, Mitch WE. Systemic response to 
thermal injury in rats. Accelerated protein degrada-
tion and altered glucose utilization in muscle. J Clin 
Invest. 1984;74(3):888–97. PubMed Pubmed Central 
PMCID: PMC425244.  

      8.    Hart DW, Wolf SE, Chinkes DL, Gore DC, Mlcak RP, 
Beauford RB, et al. Determinants of skeletal muscle 
catabolism after severe burn. Ann Surg. 
2000;232(4):455–65. PubMed Pubmed Central 
PMCID: 1421178.  

    9.    Grisbrook TL, Elliott CM, Edgar DW, Wallman KE, 
Wood FM, Reid SL. Burn-injured adults with long 
term functional impairments demonstrate the same 
response to resistance training as uninjured controls. 
Burns. 2013;39(4):680–6. PubMed.  

    10.    Soeters PB, Grecu I. Have we enough glutamine and 
how does it work? A clinician’s view. Ann Nutr 
Metab. 2012;60(1):17–26. PubMed.  

    11.   Ziegler TR, May AK, Hebbar G, Easley KA, Griffi th 
DP, Dave N, et al. Effi cacy and safety of glutamine- 
supplemented parenteral nutrition in surgical ICU 
patients: an American multicenter randomized con-
trolled trial. Ann Surg. 2015;22. PubMed.  

    12.    van Zanten AR, Dhaliwal R, Garrel D, Heyland 
DK. Enteral glutamine supplementation in critically 
ill patients: a systematic review and meta-analysis. 
Crit Care. 2015;19:294. PubMed Pubmed Central 
PMCID: PMC4539709.  

    13.    Aarsland A, Chinkes DL, Sakurai Y, Nguyen TT, 
Herndon DN, Wolfe RR. Insulin therapy in burn 
patients does not contribute to hepatic triglyceride 
production. J Clin Invest. 1998;101(10):2233–9. 
PubMed Pubmed Central PMCID: PMC508811.  

    14.    Cree MG, Wolfe RR. Postburn trauma insulin resis-
tance and fat metabolism. Am J Physiol Endocrinol 
Metab. 2008;294(1):E1–9. PubMed.  

     15.    Demling RH, DeSanti L. The rate of restoration of 
body weight after burn injury, using the anabolic 
agent oxandrolone, is not age dependent. Burns. 
2001;27(1):46–51. PubMed.  

      16.    Hart DW, Wolf SE, Herndon DN, Chinkes DL, Lal 
SO, Obeng MK, et al. Energy expenditure and caloric 
balance after burn: increased feeding leads to fat 
rather than lean mass accretion. Ann Surg. 
2002;235(1):152–61. PubMed Pubmed Central 
PMCID: 1422407.  

    17.    Xiao W, Mindrinos MN, Seok J, Cuschieri J, Cuenca 
AG, Gao H, et al. A genomic storm in critically 
injured humans. J Exp Med. 2011;208(13):2581–90. 
PubMed Pubmed Central PMCID: PMC3244029.  

    18.    Seok J, Warren HS, Cuenca AG, Mindrinos MN, 
Baker HV, Xu W, et al. Genomic responses in mouse 

S.E. Wolf

tpham94@uw.edu



83

models poorly mimic human infl ammatory diseases. 
Proc Natl Acad Sci U S A. 2013;110(9):3507–12. 
PubMed Pubmed Central PMCID: PMC3587220.  

    19.    Pruitt Jr BA. The universal trauma model. Bull Am 
Coll Surg. 1985;70:2–13.  

    20.    Cree MG, Paddon-Jones D, Newcomer BR, Ronsen 
O, Aarsland A, Wolfe RR, et al. Twenty-eight-day 
bed rest with hypercortisolemia induces peripheral 
insulin resistance and increases intramuscular triglyc-
erides. Metabolism. 2010;59(5):703–10. PubMed 
Pubmed Central PMCID: PMC2856785.  

    21.    Wade CE, Baer LA, Wu X, Silliman DT, Walters TJ, 
Wolf SE. Severe burn and disuse in the rat indepen-
dently adversely impact body composition and adipo-
kines. Crit Care. 2013;17(5):R225. PubMed Pubmed 
Central PMCID: 4057079.  

    22.    Saeman MR, DeSpain K, Liu MM, Carlson BA, Song 
J, Baer LA, et al. Effects of exercise on soleus in 
severe burn and muscle disuse atrophy. J Surg Res. 
2015;198(1):19–26. PubMed Pubmed Central 
PMCID: 4542145.  

    23.    Wu X, Wolf SE, Walters TJ. Muscle contractile 
 properties in severely burned rats. Burns. 
2010;36(6):905–11. PubMed Pubmed Central 
PMCID: PMC2912951.  

    24.    Wu X, Baer LA, Wolf SE, Wade CE, Walters TJ. The 
impact of muscle disuse on muscle atrophy in severely 
burned rats. J Surg Res. 2010;164(2):e243–51. 
PubMed Pubmed Central PMCID: PMC2991603.  

    25.    Jeschke MG, Gauglitz GG, Kulp GA, Finnerty CC, 
Williams FN, Kraft R, et al. Long-term persistance of 
the pathophysiologic response to severe burn injury. 
PLoS One. 2011;6(7):e21245. PubMed Pubmed 
Central PMCID: PMC3138751.  

    26.    Lyons M, Clemens LH. Energy defi cits associated 
with nasogastric feeding in patients with burns. J Burn 
Care Rehabil. 2000;21(4):372–4. discussion 1. 
PubMed.  

    27.    Wolf SE. Nutrition and metabolism in burns: state of 
the science, 2007. J Burn Care Res. 2007;28(4):572–
6. PubMed.  

    28.    Curreri PW, Richmond D, Marvin J, Baxter 
CR. Dietary requirements of patients with major 
burns. J Am Diet Assoc. 1974;65(4):415–7. PubMed.  

    29.    Turner Jr WW, Ireton CS, Hunt JL, Baxter 
CR. Predicting energy expenditures in burned 
patients. J Trauma. 1985;25(1):11–6. PubMed.  

    30.    Liusuwan RA, Palmieri TL, Kinoshita L, Greenhalgh 
DG. Comparison of measured resting energy expendi-
ture versus predictive equations in pediatric burn 
patients. J Burn Care Rehabil. 2005;26(6):464–70. 
PubMed.  

    31.   Zawacki BE, Spitzer KW, Mason AD Jr, Johns LA. 
Does increased evaporative water loss cause hyper-
metabolism in burned patients?. Ann Surg. 
1970;171:236–40.  

   32.   Carlson DE, Cioffi  WG Jr, Mason AD Jr, McManus 
WF, Pruitt BA Jr. Resting energy expenditure in 
patients with thermal injuries. Surg Gynecol Obstet. 
1992;174:270–6.  

   33.   Ireton-Jones CS1, Turner WW Jr, Baxter CR. 
Nutritional considerations in recovered patients with 
burns. J Burn Care Rehabil. 1990;11(6):581–2.  

   34.   Xie WG, Li A, Wang SL. Estimation of the calorie 
requirements of burned Chinese adults. Burns. 
1993;19:146–9.  

    35.   Milner EA, Cioffi  WG, Mason AD, McManus WF, 
Pruitt BA Jr. A longitudinal study of resting energy 
expenditure in thermally injured patients. J Trauma. 
1994;37:167–70.  

    36.    Shields BA, Doty KA, Chung KK, Wade CE, Aden 
JK, Wolf SE. Determination of resting energy expen-
diture after severe burn. J Burn Care Res. 
2013;34(1):e22–8. PubMed.  

    37.    Herndon DN, Barrow RE, Stein M, Linares H, Rutan 
TC, Rutan R, et al. Increased mortality with intrave-
nous supplemental feeding in severely burned 
patients. J Burn Care Rehabil. 1989;10(4):309–13. 
PubMed.  

    38.    Goran MI, Peters EJ, Herndon DN, Wolfe RR. Total 
energy expenditure in burned children using the dou-
bly labeled water technique. Am J Physiol. 1990;259(4 
Pt 1):E576–85. PubMed.  

    39.    Pereira C, Murphy K, Jeschke M, Herndon DN. Post 
burn muscle wasting and the effects of treatments. 
Int J Biochem Cell Biol. 2005;37(10):1948–61. 
PubMed.  

    40.    Hart DW, Wolf SE, Chinkes DL, Beauford RB, Mlcak 
RP, Heggers JP, et al. Effects of early excision and 
aggressive enteral feeding on hypermetabolism, 
catabolism, and sepsis after severe burn. J Trauma. 
2003;54(4):755–61. discussion 61–4. PubMed.  

    41.   Sigerist HE. The history of dietetics. 1941. Gesnerus. 
1989;46(Pt 3–4):249–56. PubMed.  

    42.    Cuthbertson DP, Webster TA, Young FG. The anterior 
pituitary gland and protein metabolism. I. The nitro-
gen-retaining action of anterior lobe extracts. 
J Endocrinol. 1941;2:459–67.  

    43.    Gore DC, Honeycutt D, Jahoor F, Wolfe RR, Herndon 
DN. Effect of exogenous growth hormone on whole- 
body and isolated-limb protein kinetics in burned 
patients. Arch Surg. 1991;126(1):38–43. PubMed.  

    44.    Takala J, Ruokonen E, Webster NR, Nielsen MS, 
Zandstra DF, Vundelinckx G, et al. Increased mortal-
ity associated with growth hormone treatment in criti-
cally ill adults. N Engl J Med. 1999;341(11):785–92. 
PubMed.  

    45.    Ramirez RJ, Wolf SE, Barrow RE, Herndon 
DN. Growth hormone treatment in pediatric burns: a 
safe therapeutic approach. Ann Surg. 1998;228(4):
439–48. PubMed Pubmed Central PMCID: 1191513.  

    46.    Cioffi  WG, Gore DC, Rue 3rd LW, Carrougher G, 
Guler HP, McManus WF, et al. Insulin-like growth 
factor-1 lowers protein oxidation in patients with 
 thermal injury. Ann Surg. 1994;220(3):310–6. 
PubMed Pubmed Central PMCID: 1234384, discus-
sion 6–9.  

    47.    Herndon DN, Ramzy PI, DebRoy MA, Zheng M, 
Ferrando AA, Chinkes DL, et al. Muscle protein 
catabolism after severe burn: effects of IGF-1/

6 Metabolic Response to Burn

tpham94@uw.edu



84

IGFBP-3 treatment. Ann Surg. 1999;229(5):713–20. 
PubMed Pubmed Central PMCID: 1420816, discus-
sion 20–2.  

    48.    Debroy MA, Wolf SE, Zhang XJ, Chinkes DL, 
Ferrando AA, Wolfe RR, et al. Anabolic effects of 
insulin-like growth factor in combination with 
insulin- like growth factor binding protein-3 in 
severely burned adults. J Trauma. 1999;47(5):904–
10. discussion 10–1. PubMed.  

    49.    Ferrando AA, Chinkes DL, Wolf SE, Matin S, 
Herndon DN, Wolfe RR. A submaximal dose of insu-
lin promotes net skeletal muscle protein synthesis in 
patients with severe burns. Ann Surg. 1999;229(1):11–
8. PubMed Pubmed Central PMCID: 1191603.  

    50.    Sakurai Y, Aarsland A, Herndon DN, Chinkes DL, 
Pierre E, Nguyen TT, et al. Stimulation of muscle 
 protein synthesis by long-term insulin infusion in 
severely burned patients. Ann Surg. 1995;222(3):
283–94. PubMed Pubmed Central PMCID: 1234807, 
94–7.  

    51.    Ferrando AA, Sheffi eld-Moore M, Wolf SE, Herndon 
DN, Wolfe RR. Testosterone administration in severe 
burns ameliorates muscle catabolism. Crit Care Med. 
2001;29(10):1936–42. PubMed.  

    52.    Wolf SE, Thomas SJ, Dasu MR, Ferrando AA, 
Chinkes DL, Wolfe RR, et al. Improved net protein 
balance, lean mass, and gene expression changes with 
oxandrolone treatment in the severely burned. Ann 
Surg. 2003;237(6):801–10. PubMed Pubmed Central 
PMCID: 1514675, discussion 10–1.  

    53.    Hart DW, Wolf SE, Ramzy PI, Chinkes DL, Beauford 
RB, Ferrando AA, et al. Anabolic effects of oxandro-
lone after severe burn. Ann Surg. 2001;233(4):556–
64. PubMed Pubmed Central PMCID: 1421286.  

    54.    Wolf SE, Edelman LS, Kemalyan N, Donison L, 
Cross J, Underwood M, et al. Effects of oxandrolone 
on outcome measures in the severely burned: a multi-
center prospective randomized double-blind trial. 
J Burn Care Res. 2006;27(2):131–9. discussion 40–1. 
PubMed.  

    55.    Cochran A, Thuet W, Holt B, Faraklas I, Smout RJ, 
Horn SD. The impact of oxandrolone on length of 
stay following major burn injury: a clinical practice 
evaluation. Burns. 2013;39(7):1374–9. PubMed.  

    56.   Li H, Guo Y, Yang Z, Roy M, Guo Q. The effi cacy 
and safety of oxandrolone treatment for patients with 

severe burns: a systematic review and meta-analysis. 
Burns. 2015;7. PubMed.  

    57.    Herndon DN, Barrow RE, Rutan TC, Minifee P, 
Jahoor F, Wolfe RR. Effect of propranolol administra-
tion on hemodynamic and metabolic responses of 
burned pediatric patients. Ann Surg. 1988;208(4):
484–92. PubMed Pubmed Central PMCID: 1493755.  

    58.    Morio B, Irtun O, Herndon DN, Wolfe RR. Propranolol 
decreases splanchnic triacylglycerol storage in burn 
patients receiving a high-carbohydrate diet. Ann Surg. 
2002;236(2):218–25. PubMed Pubmed Central 
PMCID: 1422568.  

    59.    Herndon DN, Hart DW, Wolf SE, Chinkes DL, Wolfe 
RR. Reversal of catabolism by beta-blockade after 
severe burns. N Engl J Med. 2001;345(17):1223–9. 
PubMed.  

    60.   Chung KK, Rhie RY, Lundy JB, Cartotto R, 
Henderson E, Pressman MA, et al. A survey of 
mechanical ventilator practices across burn centers 
in North America. J Burn Care Res. 2015;26. 
PubMed.  

    61.    Chung KK, Juncos LA, Wolf SE, Mann EE, Renz 
EM, White CE, et al. Continuous renal replacement 
therapy improves survival in severely burned military 
casualties with acute kidney injury. J Trauma. 2008;64 
Suppl 2:S179–85. discussion S85–7. PubMed.  

    62.    Chung KK, Lundy JB, Matson JR, Renz EM, White 
CE, King BT, et al. Continuous venovenous hemofi l-
tration in severely burned patients with acute kidney 
injury: a cohort study. Crit Care. 2009;13(3):R62. 
PubMed Pubmed Central PMCID: 2717417.  

    63.    Lorello DJ, Peck M, Albrecht M, Richey KJ, 
Pressman MA. Results of a prospective randomized 
controlled trial of early ambulation for patients with 
lower extremity autografts. J Burn Care Res. 
2014;35(5):431–6. PubMed.  

    64.    Al-Mousawi AM, Williams FN, Mlcak RP, Jeschke 
MG, Herndon DN, Suman OE. Effects of exercise 
training on resting energy expenditure and lean mass 
during pediatric burn rehabilitation. J Burn Care Res. 
2010;31(3):400–8. PubMed Pubmed Central PMCID: 
3856323.  

    65.    Suman OE, Spies RJ, Celis MM, Mlcak RP, Herndon 
DN. Effects of a 12-wk resistance exercise program 
on skeletal muscle strength in children with burn inju-
ries. J Appl Physiol. 2001;91(3):1168–75. PubMed.      

S.E. Wolf

tpham94@uw.edu



85© Springer International Publishing Switzerland 2016 
D.G. Greenhalgh (ed.), Burn Care for General Surgeons and General Practitioners, 
DOI 10.1007/978-3-319-29161-1_7
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and     Derek     Yang    
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          Introduction 

 Infection is a common complication of major 
 burns  , with over 24,000 reported cases of infec-
tions associated with burns in the USA over a 
10-year period, as reported by the American 
Burn Association (ABA) 2015 National Burn 
Repository. They contributed towards the 6500+ 
burn patient deaths over the past 10 years [ 1 ], 
with leading cause of death after 24 h in severely 
burned patients being  multiple organ dysfunction 
syndrome (MODS)      secondary to sepsis [ 2 ]. 

 The damage of our primary defense mecha-
nism, skin, and our secondary defenses, cellular 
and humoral immunity, places burn patients at 
high risk for infection. A key treatment recom-
mendation for sepsis is  antimicrobial therapy  , 
along with a focused, goal-directed approach to 
sepsis. Adherence to best practices in sepsis 
treatment may be a reason for the nationwide 
decline in mortality associated with sepsis from 
1999 to 2008 [ 3 ]. Although antimicrobials have 
helped decrease mortality overall, extensive use 
has resulted in an increased incidence of 

 multidrug- resistant (MDR)      organisms and asso-
ciated morbidity and mortality. 

 Many criteria and scoring systems have been 
developed to help identify infections and their 
extent of damage; however, burn patients are typ-
ically excluded during their development, render-
ing such systems less applicable to this population 
[ 2 ]. Since the systemic infl ammatory response to 
burn is very similar to that seen in sepsis, distin-
guishing between these two entities is complex, 
and requires different defi nitions from those used 
in other populations. Reporting and following 
burn wound infection is diffi cult without stan-
dardized defi nitions of burn infection and sepsis. 
Thus, in 2007, the ABA held a consensus confer-
ence that set out to standardize defi nitions of 
infection in burns [ 2 ]. 

 Here we discuss defi nitions and treatment options 
for common infectious complications seen in burn 
patients, including wound infection, ventilator-asso-
ciated pneumonia (VAP), central line-associated 
bloodstream infection (CLABSI), urinary catheter-
related infection (UTI), sepsis and septic shock.  

    Defi nitions 

    Burn Wound Infection 

 The progression of burn wound infection can be 
defi ned in three steps. The fi rst is   wound 
 colonization   , where there are bacteria present at 
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concentrations <10 5  bacteria/g tissue. The second 
step is   wound infection   , where the bacteria are 
present at concentrations >10 5  bacteria/g tissue. 
Finally,   invasive infection    is the diagnosis of a 
wound infection plus invasion or destruction of 
unburned areas (with or without sepsis as defi ned 
in “Sepsis”). 

 There are both subjective and quantitative fi nd-
ings which may suggest the diagnosis of burn 
wound infection. Subjective fi ndings include the 
 symptoms   of pain and the signs of erythema, color 
changes, change in wound appearance or depth, 
systemic changes, and early burn eschar separa-
tion. Early burn eschar separation signifi es an inva-
sive infection as the  pathophysiology   of the 
separation is due to bacterial digestion of underly-
ing tissue. However, one obvious confounding fac-
tor is the need to distinguish changes secondary to 
infection from visible changes and symptoms 
resulting from the burn itself. Given the high over-
lap between subjective fi ndings—symptoms and 
signs—from the burn itself and potential infection, 
there is a signifi cant risk of false positive diagno-
ses; therefore, objective, quantitative confi rmation 
of infection is very important in order to prevent 
overtreatment with antibiotics in cases where they 
may not be necessary. Quantitative studies may 
include quantitative cultures of tissue biopsy or tis-
sue histology. Tissue diagnoses are more accurate 
when larger samples are obtained, with at least 
1 cm 3  of tissue being ideal; however, a compromise 
must often be made between increased yield and 
the cosmetic deformity occasioned by the biopsy 
itself, which may vary depending on the anatomic 
location of the burn. 

 There are some characteristic clinical fi ndings 
in burn wound infections which may guide our 
index of suspicion towards a particular pathogen. 
For example, a yellow/green exudate does not 
necessarily signify an invasive infection, but may 
represent a  Pseudomonas aeruginosa  infection. 
Were an infection invasive, it would present with 
black to purple, punched out areas and require 
immediate surgery. Also, yeast and molds may 
cause infection. If small, purulent papules are 
present,  Candida  spp .  may be suggested. If gray- 
brown fungating masses are present,  Aspergillus  
spp. may be suspected [ 2 ].  

    Ventilator-Associated Pneumonia (VAP) 

 Many patients suffering burns to the upper or 
lower airway—chemical or thermal inhalation 
injury—require intubation and mechanical venti-
lation to prevent airway compromise and/or 
respiratory failure. A signifi cant proportion of 
patients with  burns   greater than 30 % TBSA also 
require prolonged intubation and mechanical 
ventilation due to high metabolic demand and 
need for repeated operations. Unfortunately, this 
life-saving therapy carries with it the risk of 
VAP, the incidence of which is currently esti-
mated at 2–16 infections per 1000 ventilator days 
in all hospitalized patients [ 4 ,  5 ]. Although VAP 
in most critically ill populations is considered a 
 nosocomial infection  , there is some evidence that 
in patients with smoke inhalation the pathogenic 
organisms may be detected in endotracheal secre-
tions on admission [ 6 ]; the damage to the bronchi 
and alveolar tissue from smoke inhalation likely 
accelerates the pathogenesis of VAP in these 
patients. Therefore, it may be advisable periodi-
cally to perform surveillance cultures of endotra-
cheal aspirates [ 7 ] in patients presenting with 
signs of inhalation injury; the process of  bron-
choalveolar lavage   (BAL) in these cases may 
also prove therapeutic to the burn patient suffer-
ing compromise of tracheal mucosal clearance. It 
is, of course, essential for all health care person-
nel to practice superior hand disinfection and 
equipment sterilization techniques and to keep all 
ancillary materials (ventilator hardware, tape, 
etc.) separate for each patient. 

 It is essential not to succumb to temptation 
prophylactically to dose each ventilated burn 
patient with antibiotics preemptively. In order 
that MDR organisms not be promoted through 
the extermination of benefi cial, native fl ora, anti-
microbials ought to be held as the patient is 
watched for clinical signs of infection and such 
therapy should be used only in response to posi-
tive microbiology results. In confi rmed cases of 
VAP, as soon as samples have been obtained for 
culture, broad-spectrum empiric therapy should 
be initiated in accordance with local patterns of 
pathogenic prevalence and then the spectrum 
narrowed as culture results return [ 5 ,  8 – 10 ]. 
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 Diagnosis of pneumonia in burn patients 
should be based on clinical suspicion and then 
confi rmed by microbiology. The clinical diagno-
sis of pneumonia requires two of the following: 
(1) Chest X-ray (CXR) with a new infi ltrate, con-
solidation or cavitation, (2) sepsis (per defi nition 
later in this chapter), or (3) change in sputum or 
purulence [ 2 ]. Following clinical diagnosis, sub-
sequent treatment should be guided by the results 
of microbiologic analysis, and pneumonia can be 
considered in three categories. (1)  Confi rmed : 
clinical diagnosis and positive microbiology, (2) 
 Probable : clinical diagnosis with a negative 
microbiology, (3)  Possible : mild clinical suspi-
cion with abnormal CXR and positive microbiol-
ogy. Positive microbiology is defi ned in one of 
three ways: (1)  tracheal aspirate   with ≥10 5  total 
organisms, (2)  bronchoalveolar lavage   with ≥10 4  
total organisms, (3) protected bronchial brush 
with ≥10 3  total organisms (Table  7.1 ).

       Central Line Associated Blood Stream 
Infection (CLABSI) 

 The placement of  central venous catheters   often 
cannot be avoided in the burn critical care envi-
ronment for necessary fl uid resuscitation and 
intravenous  drug delivery  . However, each day of 
catheterization brings an increased risk of the 
patient's sustaining a CLABSI, with the highest 
rates of infection specifi cally associated with 
non-tunneled and pulmonary arterial catheters, 
and those placed at femoral sites [ 11 ]. Prevention 
of CLABSI begins with suffi cient disinfection of 
the access site and introduction of the catheter 
under sterile conditions; surveillance and early 
recognition of cutaneous signs of infl ammation 
may result in replacement of the catheter (prefer-
ably at a different site) before signifi cant bactere-
mia or sepsis may develop. Tools such as 
checklists and implementation bundles when 
inserting lines, as well as strict use of aseptic 
technique, are helpful in avoiding these infec-
tions. Catheters with impregnated materials such 
as silver or antibiotic  agents   have been shown to 
reduce the incidence of CLABSI and are increas-
ingly being used [ 12 – 14 ]. 

 Blood stream infections (BSIs) are defi ned in 
one of three ways: (1) two or more  blood cultures   
of a microorganism which is not usually a skin 
contaminant, (2) one blood culture with sepsis, or 
(3) sepsis with two or more blood cultures of a 
common skin contaminant with at least one cul-
ture from a venipuncture. Examples of skin con-
taminants are  Bacillus  spp ., Propionibacterium  
spp .,  coagulase negative  Staphylococci , and 
diphtheroids. BSIs are called primary if the 
microorganism has not caused an infection at 
another site, or secondary if it has already caused 
an infection at another site. Note that culture 
results are dependent both on techniques and on 
current use of  antimicrobial agents  . 

 Catheter-related infections are diagnosed 
when there was a central venous catheter in the 
patient 48 h before an infection, regardless of 
whether the catheter was removed before symp-
toms arose. If symptoms resolve within 24 hours 
after catheter removal, a central venous catheter 
infection should be considered as having been 
the source. Catheter infections can be localized, 
cause infl ammation, or cause infection.  Localized 
catheter colonization  is diagnosed when there 
are >15  colony-forming units (CFU)   at the cath-
eter tip, subcutaneous segment of the catheter, or 
from the catheter hub.  Exit site infl ammation  is 
diagnosed when there is any erythema or indura-
tion within 2 cm of the catheter exit site but the 
criteria for infection are not met. There cannot be 
signs of localized purulence.  Exit site infection  
is diagnosed when there is tenderness, erythema, 
or induration >2 cm from the catheter exit site, 
and is also diagnosed if there is purulence or 
necrosis at the exit site. There cannot be a con-
current BSI or sepsis in order for exit site infl am-
mation or infection to be diagnosed. 

  Central venous catheter infection (   CVCI)       is 
defi ned one of four ways: (1) any bacteremia or 
fungemia in a patient with a catheter that has at 
least one positive blood culture at a distant site 
from the catheter, clinical signs of infection, and 
no other source of infection, (2) bacteremia or 
fungemia with >15 CFU on semiquantitative cul-
ture analysis or >10 3  CFU on quantitative culture 
analysis, (3) simultaneous quantitative blood cul-
tures from the catheter site and a distant site with 
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>5:1 ratio of organism counts at catheter–distant 
site, (4) if catheter blood grows pathogenic 
organisms more than 2 h before a separate site 
grows that organism. It has been shown that the 
high rate of skin colonization in burn patients 
may lead to a falsely elevated documentation of 
CLABSI, especially where automated electronic 
surveillance is used. Since this is an outcome 
tracked by the Centers for Medicare & Medicaid 
Services (CMS) and other agencies which main-

tain publicly reportable databases, it is essential 
that this diagnosis along with other nosocomial 
infections be carefully evaluated in the burn 
patient and confi rmed based on clinical fi ndings 
prior to documentation [ 15 ]. 

 Due to the high risk of CLABSI in burn 
patients, a policy of routine line changes every 3 
days is utilized in some burn centers. Recent  evi-
dence   suggests no additional benefi t from more 
frequent line changes of every 48 hours [ 16 ,  17 ].  

    Table 7.1    Diagnosis  of   burn infections [ 2 ]   

 Burn wound 
infection  Pneumonia/VAP  CLABSI  UTI (1)  UTI (2) 

  An  y of the following 
where catheter has been in 
place for >2 days: 

 Any of the 
following 
where catheter 
has been in 
place for >2 
days: 

 Any TWO of the 
following where catheter 
has been in place for >2 
days: 

  Colonization:  
<10 5  organisms/g 
tissue 

  Possible:  mild 
clinical suspicion, 
abnormal CXR, 
positive 
 micro  biology 

 Bacteremia/fungemia plus 
one positive blood culture 
at distant site, with no 
other source 

 Fever >39 °C 
with no other 
source of fever, 
Urinary 
urgency, 
frequency, 
dysuria, 
suprapubic 
tenderness 

 Fever >39 °C with no 
other source of fever; 
urinary urgency, 
frequency; dysuria, 
suprapubic tenderness 

  Infection:  >10 5  
organisms/g 
tissue 

  Probable:  clinical 
diagnosis, negative 
microbiology 

 Bacteremia/fungemia with 
>15 CFU on 
semiquantitative or >10 3  
CFU on quantitative 
culture analysis 

 PLUS urine 
cultures >10 5  
CFU/ml 

 Positive dipstick for 
leukocyte esterase and/
or nitrite 

  Invasive 
infection:  
infection plus 
destruction of 
unburned areas 

  Confi rmed:  clinical 
diagnosis, positive 
 microbi  ology 

 5:1 Ratio of 
semiquantitative results 
from catheter–distant site 
cultures 

 –  ≥10 WBC/μl or ≥3 
WBC/hpf of unspun 
urine 

 –  –  Catheter culture grows 
organisms more than 2 h 
before culture from distant 
site 

 –  Two urine cultures with 
repeated isolation of 
≥10 2  CFU/ml in a 
nonvoided specimen 

 –  –     –  –  Two urine cultures with 
≥10 5  CFU/ml of a 
single uropathogen in 
patient being treated 
with appropriate 
antimicrobials 

   VAP:  ventilator-associated pneumonia,  CLABSI:  central line-associated bloodstream infection,  UTI : urinary tract infec-
tion,  CXR:  chest X-ray,  CFU:  colony forming units,  hpf:  high-power fi eld,  WBC:  white blood cells  
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     Urinary Tract Infection (UTI)   

 Since urine output is the standard used to guide 
initial resuscitation in burn patients, most patients 
with major burns will receive urinary catheters 
upon admission if not sooner. However, the lon-
ger a catheter resides indwelling, the greater the 
risk for urinary tract infection to arise. Therefore, 
the goal should always be to remove urinary 
catheters as soon as possible; however, this may 
not be practical for weeks in a patient with major 
burns. Therefore, precautions ought to be taken 
when catheter lines are manipulated during dress-
ing changes along with adherence to standard 
urinary catheter maintenance with daily chlorhex-
idine sterilization. 

 Although it is not usually a major cause of 
sepsis in burn patients, UTI can still cause sepsis. 
UTI diagnosis should be based on modifi ed CDC 
criteria. A patient with any of the following is 
said to have a UTI: fever (>39 °C and no other 
source of fever), urgency, frequency, dysuria, 
suprapubic tenderness in addition to urine culture 
≥10 5  CFU/ml with ≤2 species of organisms. 
Note that burn patients may not exhibit these 
clinical symptoms as one might expect in an out-
patient setting. Also, the diagnosis of UTI should 
be made if the patient has two of the following: 
fever (>39 °C and no other source of fever), 
urgency, frequency, dysuria, suprapubic tender-
ness in addition to one of the following: (1) posi-
tive dipstick for leukocyte esterase and/or nitrate, 
(2) ≥10 WBC/μl or ≥3 WBC/high-power fi eld of 
unspun urine, (3) organisms seen on Gram’s stain 
of unspun urine, (4) two urine cultures with 
repeated isolation of the same uropathogen with 
≥10 2  CFU/ml in a nonvoided specimen, (5) two 
urine cultures with ≥10 5  CFU/ml of single uro-
pathogens in a patient being treated with appro-
priate antimicrobial therapy (Table  7.1 ).   

    Treatment 

 All infections in burn patients should be assumed 
to be due to nosocomial pathogens unless proven 
otherwise (which simplifi es the initial approach 
to treatment) with slight variations for type and 

site of infection which are considered individually 
here.  Local antibiograms   should be used in devel-
oping protocols for empiric antimicrobial cover-
age in the inpatient setting; however, consideration 
should be given to covering MDR organisms 
until results of cultures are available. In treating 
infections, it is important to also ensure proper 
nutrition, hydration, and oxygenation of the host, 
without which other therapies have a lesser 
chance of success. 

 In addition to strict adherence to  universal pre-
cautions   at dressing changes, all dressing materi-
als such as gauze, bandages, and tape, as well as 
any creams and ointments, should be strictly iso-
lated from one patient to the next so as to avoid 
the transfer of microorganisms. Topical ointments 
such as  silver sulfadiazine 1 %  (Sulfadene) and 
 mafenide acetate 11 %  (Sulfamylon) provide 
broad-spectrum coverage and are often used on 
burn wounds, as well as formulations of  mupiro-
cin 2 %  (Bactroban) and  bacitracin/neomycin/
polymyxin B  (Neosporin). Silver sulfadiazine, 
though broad-spectrum against gram-positive, 
gram-negative, and fungal species, can cause neu-
tropenia and thrombocytopenia and patients 
should be monitored for these potential conse-
quences; it also results in pseudoeschar forma-
tion, which may complicate wound care. Mafenide 
acetate, though providing good coverage for 
 Pseudomonas  and  Enterococcus , can cause elec-
trolyte imbalances and is less effective against 
fungal infection. It should not be used to cover 
more than 20 % TBSA due to risk of systemic 
metabolic acidosis. The biggest drawback to its 
use is that it causes signifi cant pain on application 
on partial thickness burns. Topical  mupirocin   is 
suitable for  S. aureus  and  S. pyogenes  infections 
when these pathogens are known or specifi cally 
suspected to be causal, and the Neosporin formu-
lation, while effective against a broad spectrum of 
organisms, may result in irritation or contact der-
matitis in susceptible patients, especially with 
prolonged usage. 

 Topical soaks, such as  0.025 % sodium hypo-
chlorite (Dakin’s solution), 0.5 % silver 
nitrate, or 0/25 % acetic acid solutions  may 
also be applied. Each of these is highly effective 
against a broad range of pathogens, but sodium 

7 Infection and Sepsis

tpham94@uw.edu



90

hypochlorite has cytotoxic effects and dressings 
must be changed frequently as the compound is 
inactivated by contact with proteins, either cel-
lular or pathogenic. Silver nitrate is highly effec-
tive and is painless upon application, but has the 
disadvantage of turning wound surfaces gray to 
black, which can interfere with visual inspection 
and assessment of wound healing. 

 Although many of these agents are widely 
used as fi rst-line wound care in uninfected 
burns in addition to their role in the treatment 
of established colonization or infection, evi-
dence supporting the use of prophylactic topi-
cal  antibiotics   is limited. Although silver 
sulfadiazine may be considered the drug of 
choice for prophylaxis [ 18 ], Storm-Versloot 
 et al.  and Barajas-Nava  et al.  suggest that there 
is insuffi cient evidence for using silver-con-
taining agents in preventing infection [ 19 ,  20 ]. 
The potential to increase multidrug- resistant 
organisms by liberal use of antimicrobial oint-
ments in non-infected patients is a concern, and 
an area that deserves further study. 

 VAP, as soon as suspected with high certainty, 
will require empiric systemic antimicrobial ther-
apy and immediate acquisition of cultures of 
involved organisms via bronchial lavage.  Empiric 
therapy   is directed primarily toward gram- 
negative organisms such as  Acinetobacter  and 
 Pseudomonas  spp. as well as methicillin-resistant 
staphylococcal organisms. Single-agent cover-
age is considered adequate fi rst-line therapy for 
each organism, as multiple agent coverage has 
not been shown to be more effective and is only 
more likely to compound medication side effects 
[ 21 ].  Vancomycin and linezolid   are each an 
appropriate choice for resistant  Staphylococcus  
coverage, bearing in mind that daptomycin, 
another agent used for MRSA in the ICU setting, 
does not have lung penetration. Tigecycline will 
provide broad spectrum coverage including 
MRSA but has no pseudomonal coverage. A beta 
lactam-beta lactamase inhibitor combination will 
cover most gram negative organisms as well as 
gram positives; piperacillin-tazobactam is com-
monly used and has retained effi cacy without sig-
nifi cant resistance in most organisms despite 
many years of use. Aminoglycosides can also be 

used in combination with stronger gram positive 
agents. Carbapenems are considered fi rst-line 
agents for  Acinetobacter  infections and also 
provide good broad-spectrum coverage; how-
ever, resistant  Acinetobacter  strains may be more 
susceptible to aminoglycosides or  polymyxins  . 
While there are many options as demonstrated 
above, we would like to reiterate that there is no 
substitute for carefully chosen empiric coverage 
based on the most prevalent organisms in a par-
ticular burn unit, and based on susceptibilities 
from the local antibiogram. Many units use anti-
biotics on a rotational schedule, whereby single- 
antimicrobial coverage is maintained while 
periodically varying the drug of choice. This has 
been shown to slow the evolution of drug- 
resistant mutations in microbial species while 
avoiding toxicities associated with prolonged use 
of a single agent [ 22 ]. 

 In cases of CLABSI, the fi rst step in treatment 
is to remove the catheter, reevaluate its neces-
sity, and choose a new site if it is deemed essen-
tial. Cultures are to be drawn thrice from blood 
and also from the tip of the removed catheter 
device, and  empiric therapy   then initiated while 
awaiting sensitivity results. Since the primary 
organisms causal of CLABSI are expected to be 
gram positive cocci, MRSA, and  enterococci , 
initial antimicrobial therapies are directed 
toward these organisms. Either vancomycin or 
daptomycin are appropriate single-agent bacteri-
cidal therapies for the most likely species. 
Linezolid has the benefi t of an oral formulation; 
however, it is bacteriostatic rather than bacteri-
cidal. Patients who have been in the burn unit for 
an extended period or have other primary foci of 
infection are also at risk for gram negative bacte-
remia, which is associated with a higher mortal-
ity [ 3 ]. In these cases, empiric coverage should 
include gram negative agents as discussed in the 
section on VAP above. The most probable patho-
gens involved in  nosocomial UTI are the same as 
those for the other nosocomial infections 
described above, with a higher incidence of 
gram negative organisms; steps to coverage 
should proceed in similar fashion. 

 In any of the types of infections described 
above, after the return of culture and sensitivity 
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results, initial antimicrobial therapy should be 
either continued, escalated (with expanded 
coverage), or narrowed (with more specifi c cov-
erage) accordingly. In choice of  antimicrobial 
agents  , the most specifi c coverage should always 
be used, with additional consideration for side 
effect profi les in the patient at hand, in order to 
minimize the development of resistant strains. If 
a patient with VAP proves to be a non-responder 
to drug therapy, one must begin to suspect empy-
ema, intrapulmonary abscess, or other persistent 
collection of organisms. If other signs of resis-
tance are encountered, repeat cultures may be in 
order as well as a diligent search for an additional 
site of infection.  

    Sepsis 

    Defi nitions of Sepsis and  Septic 
Shock   

 Sepsis and septic shock are discussed here; the 
terms “SIRS” and “severe sepsis” are no longer 
used to describe burn patients for reasons speci-
fi ed by the ABA Consensus [ 2 ]. 

 Sepsis is defi ned broadly as any “change in 
the burn patient that triggers concern for infec-
tion” [ 2 ]. Clinically, a septic patient may be rec-
ognized by symptoms such as hyperthermia, 
altered mental status, tachypnea, hyperglycemia, 
thrombocytopenia [ 23 ], and intolerance of enteral 
feeds [ 24 ]. The criteria for sepsis, in both burn 
and non-burn patients, are outlined in Table  7.2 . 
Note that in the case of burns, it is imperative that 
an infection be present, since similar symptoms 
may be seen in virtually all severe burn patients 
and therefore must be attributable to an infection 
before sepsis may be diagnosed. As burn patients 
become hypermetabolic, their set points for res-
piration, heart rate, and temperature all become 
elevated, which is accounted for by the increased 
cutoffs for diagnosis. Sepsis mortality has been 
declining in the USA for all organisms [ 2 ]; how-
ever, sepsis and multiple organ dysfunction syn-
drome (MODS), which results therefrom, are still 
the two leading causes of morbidity and mortal-
ity in burn patients [ 25 ].

   Sepsis can progress to septic shock, defi ned as 
sepsis in the presence of shock-like hemody-
namic parameters. Clinically, it is defi ned as 
refractory hypotension despite volume resuscita-
tion of 30 ml/kg of crystalloid [ 26 ]. Because sep-
tic shock has such a poor prognosis overall and is 
associated with a high mortality, early diagnosis 
is imperative [ 27 ]. Once diagnosed, source con-
trol, resuscitation, and appropriate antibiotic 
treatment are necessary, as improper or delayed 
treatment of septic shock has been consistently 
shown to result in poor  outco  mes [ 28 ].  

     Pathophysiology   of Sepsis 

 The pathophysiology of sepsis in burn patients is 
important to understand in order to comprehend 

   Table 7.2    Diagnosis of  burn   sepsis [ 2 ]   

 Standard 
sepsis  Burn sepsis (adult) 

 Defi nition   Two  of the 
 f  ollowing 
plus 
infection: 

  Three  of the 
following plus 
documented 
infection: 

 Temperature  <36 °C 
 >38.3 °C 

 <36.5 °C 
 >39 °C 

 Heart rate  >90 BPM  >110 BPM 

 Respiratory rate  >20 BrPM  >25 BrPM 
(non-ventilated) 

 Blood cell 
counts 

 WBC <4 k/
μl 
 WBC >12 
k/μl 

 Platelets <100 k/μl 

  Other criteria:   –     Hyperglycemia 
(absent DM): GLC 
>200 mg/dl 

 –  –  Insulin resistance: 
>7 units/h or >25 % 
increase in insulin 
requirements 

 –  –  Enteral feeding 
intolerance: residual 
equal to two times 
feeding rate 

 –  –  Uncontrolled 
diarrhea: >2500 ml/
day 

   BPM : beats per minute,  BrPM:  breaths per minute,  WBC:  
white blood cells,  DM:  diabetes mellitus,  GLC:  glucose  
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and treat sepsis and septic shock properly. This 
chapter, however, does not attempt to cover the 
entirety of a vast and ever-expanding body of 
knowledge on this topic, but rather only touches 
on concepts suffi cient for our purpose here. 

 The fi rst step in the pathophysiology begins 
with an inciting event. Here specifi cally the incit-
ing even is a superimposed infection on a ther-
mal, electrical, or chemical burn, which causes 
an acute release of pro-infl ammatory cytokines, 
most notably interleukin-1 (IL-1), interleukin-6 
(IL-6), and tumor necrosis factor-α (TNF-α). The 
release of TNF-α is predominantly mediated by 
transcription factor nuclear factor kappa-light- 
chain-enhancer of activated B cells (NF-κB), 
which also mediates the transcription of many 
other cytokines [ 29 ]. TNF-α may act locally and 
cause infl ammation and tissue damage as well as 
systemically causing fever, vasodilation, further 
release of cytokines, and mounting of the acute 
phase response. IL-6 is the most notable mediator 
of the acute phase response, leading to amplifi ca-
tion of infl ammation as well as activation of the 
coagulation cascade, which may lead in turn to 
hypovolemia and interstitial edema. All of this 
can result in hypoxic organ damage, which is 
why adequate fl uid resuscitation is imperative in 
treating septic patients. To counter, the host also 
mounts an anti-infl ammatory response to sup-
press the pro-infl ammatory mediators caused by 
infection and burn damage. Theoretically, pro-
moting anti-infl ammatory effects should sup-
press the progressively devastating effects of 
sepsis; however, exogenous modulation of these 
pathways has yet to be proven benefi cial [ 29 ]. 

 Measures of cytokine expression, however, 
have not been shown effective predictors of out-
come. The two most commonly used predictors 
of sepsis outcome are procalcitonin (PCT) and 
C-reactive protein (CRP). Although some stud-
ies have shown the utility of procalcitonin [ 30 –
 32 ], other studies have shown the opposite [ 33 , 
 34 ]. Lavrentieva  et al.  show that daily consecu-
tive measurements of PCT can be more valuable 
than those of CRP in following antibiotic effec-
tiveness [ 32 ], but Jeschke  et al.  suggest that CRP 
may not be a predictor of sepsis [ 35 ]. Paratz 

 et al.  suggest a new marker, N-terminal pro-B-type 
natriuretic peptide (NT-proBNP), which may be 
superior to PCT in early detection of sepsis [ 33 ]. 
This novel marker may be important for scenar-
ios in which early diagnosis is imperative 
(liver failure, transplant, and chronic renal 
replacement therapy patients), but  i  s to be used 
with caution until further research validates this 
approach [ 36 ,  37 ].  

     Treatment   

 Broad-spectrum antimicrobial therapy should be 
initiated until blood culture and sensitivity results 
specify in which direction to narrow the scope of 
therapy. Physical exam fi ndings such as hemody-
namic parameters, cardiopulmonary exam, capil-
lary refi ll time and responsiveness to passive leg 
raise can be augmented with quantitative mea-
sures such as central venous pressure (CVP), 
central venous oxygen saturation (ScvO 2 ) and 
bedside cardiovascular ultrasound. The patient 
should be assessed for the need for resuscitation 
as well. Assessment of fl uid responsiveness can 
be performed with a 500 ml fl uid bolus challenge. 
If fl uid responsiveness is poor, or if there are 
signs of persistent hypotension or MAP <65 
mmHg, pressors such as norepinephrine should 
be administered. Serum lactate and base defi cit 
are commonly used parameters to monitor the 
success of resuscitative measures. 

 Intravenous empiric antimicrobial therapy 
should be given within the fi rst hour of sepsis 
diagnosis, ensuring the coverage of all susceptible 
organisms. In addition to the empiric coverage of 
gram-positive and -negative organisms discussed 
in the previous section, empiric coverage against 
fungal infection may also be considered. 
Fluconazole may be used at a higher dose as a 
fi rst-line agent; if there is a signifi cant  prevalence 
of non-albicans  Candida  species then an agent 
with extended coverage such as micafungin, 
caspofungin, or voriconazole may be used. 
Voriconazole is also fi rst line therapy for aspergil-
losis; however, this is an uncommon infection and 
would not routinely be included in initiating 
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empiric coverage. Patients with sepsis caused by 
 P. aeruginosa  should be given an extended- 
spectrum beta-lactam and either an aminoglyco-
side or a fl uoroquinolone. Monotherapy with an 
aminoglycoside for  P. aeruginosa  sepsis should 
be avoided. Patients with  S. pneumoniae  infection 
should be given a beta-lactam and macrolide, and 
therapy should last 7–10 days for most patients. If 
the patient has neutropenia, immunologic defi -
ciencies, or is slow to respond to therapy, a longer 
course of treatment may be necessary. Finally, 
source control is imperative for the treatment of 
sepsis and septic shock. If an intravascular device 
is the suspected as the source of infection, it 
should be removed. If the burn wound itself is the 
source, then this should be debrided to healthy tis-
sue. On occasion, patients with major burns 
(especially with electrical injury) will develop 
intra-abdominal  complications   such intestinal 
perforation, which can manifest as occult sources 
of sepsis.   

    Conclusion 

 Infection remains a signifi cant clinical problem 
in burn patients, representing an opportunity for 
health care professionals to improve outcomes 
and reduce mortality with timely and appropriate 
treatment. Recognizing the unique defi nition and 
presentation of infection in burn patients com-
pared to all other populations ensures appropriate 
treatment while minimizing the drawbacks of 
overtreatment. The prevalence of MDR organ-
isms present one of the most challenging aspects 
of work in this fi eld, which will continue to 
evolve over ensuing decades.      

    Common Multidrug-Resistant 
Organisms in  Burn   Infections 

  Acinetobacter baumanii  

  Pseudomonas aeruginosa  

  Klebsiella pneumoniae  

 Methicillin-resistant  Staphylococcus aureus  (MRSA) 
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          Introduction 

  Burns   are the most extensive wounds that anyone 
will face. Whether the burn is massive or small, 
simple principles of wound healing apply to close 
the wound. The goal of any caregiver is to heal 
any wound as rapidly as possible while minimiz-
ing the extent of scar formation. There are several 
basic principles to optimize healing. The fi rst 
principle is that optimizing the healing process 
the “fi rst time” leads to a better outcome. If one 
believes that delaying the healing process and 
then hoping for some form of reconstructive sur-
gery will optimize the ultimate outcome, then he/
she will be greatly disappointed. A second prin-
ciple is that if a wound heals within 2–3 weeks, 
then scarring is minimized. As described in the 
1970s [ 1 ], the likelihood of developing  hypertro-
phic scarring   is greatly increased if it remains 
open for 2–3 weeks. As an example, this child 
suffered a typical scald burn to the chest (Fig. 
 8.1 ). All areas healed within 2 weeks except for 
the site on the upper chest where healing occurred 
in 3 weeks. All of the areas that healed before 2 
weeks are perfectly fl at, but the area of delayed 

closure developed signifi cant hypertrophic scar-
ring. Even more discouraging is the fact that after 
excising and closing the scar, it recurred. Some 
unknown “signal” in the wound at 2–3 weeks 
directs the cells to produce an excessive amount 
of scar. The “signal” that dictates this delayed 
and excessive  scar formation   is not known, but it 
is clear that the goal of treating a wound is to 
have it re-epithelialize within that 2–3 weeks 
period. If it will not re-epithelialize in 2 weeks, 
then consideration for grafting (which will be 
covered in the next chapter) is indicated. The 
goal of this chapter is to provide the basic prin-
ciples of wound healing to allow the caregiver to 
develop a strategy for more rapid wound closure 
that will lead to a better chance for minimizing 
scar formation.

       Severity of Burn Injury 

 How well a burn heals depends on the severity of 
injury. Clearly, superfi cial and small wounds do 
well no matter what we do to them. Very deep 
burns are much more diffi cult to manage and lead 
to more scarring. Severity is not only dependent 
upon depth, but also on the size of the burn injury. 
Clearly, a patient with 90 % total body surface 
area (TBSA) full-thickness burns is going to have 
a greater challenge to heal his/her wounds. As a 
wound becomes massive, the “burden” of the 
injury tends to slow the healing process as the 
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“supplies” needed for repair become more 
 limited. The stress of the massive injury and the 
need to develop a “defense” against the invading 
organisms also make healing more challenging. 

 Burn depth has traditionally been divided into 
fi rst-, second-, third-, and fourth-degree injuries. 
These categories are based on how deeply the 
injury penetrates the  skin and subcutaneous tis-

  Fig. 8.1    This is a typical accidental  scald burn   for this 
child ( a ). The lower areas healed in less than 2 weeks, but 
there remained a couple of open areas that were open at 
18 days ( b ). At 6 weeks, there are signs of hypertrophic 

 scarring ( c ) that eventually became hypertrophic ( d ). The 
“signal” tying delayed epithelialization and hypertrophic 
scarring is unknown       
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sue  . In simple terms, skin is divided into the outer 
“epidermis,” which acts as a barrier, and the 
“dermis,” which provides the strength of skin 
(Fig.  8.2 ). The skin covers the subcutaneous adi-
pose tissue and the fat overlies the fascia, muscle, 
tendons, and bone. Depending on the depth of the 
burn, different strategies exist to close that injury 
with the least possible scarring.

   The  epidermis   has several layers of cells 
(Fig.  8.3 ). The bottom layer of epithelial cells 
(called  keratinocytes  ) is the “basal cell layer.” 

These basal cells are the only keratinocytes with 
the potential for growth and migration. They are 
the cells that re-epithelialize any wound in the 
skin. During their lifespan, the basal cells eventu-
ally differentiate and migrate towards the surface 
to form the stratum spinosa and eventually pro-
duce keratin. The migration starts with undiffer-
entiated basal cells at the basement membrane to 
fully differentiated keratin-containing mature 
cells toward the surface. They eventually undergo 
apoptosis (programmed cell death) to form the 

Burn type

1st Degree

Hair folicleOil gland

Epidermis

Basal cells

Dermis

Subcutaneous
tissue

Fascia

Muscle

2nd Degree
(partial-thickness)

Arteriole

Venule

Nerve

3rd Degree
(full-thickness)

4th Degree

  Fig. 8.2    In normal skin, the  epidermis   makes up the most 
superfi cial layer. It keeps fl uid from escaping and prevents 
bacterial invasion. Any burn that does not penetrate the 
epithelium is called a  fi rst-degree burn . First-degree burns 
are dry since the epithelium maintains its barrier function. 
Any burn that penetrates into but not through the dermis is 
called a  second-degree or partial-thickness burn . Since the 
barrier function of the epithelium is lost, it weeps fl uid. 

Since the dermis has a plexus of nerves and blood vessels, 
it is painful and blanches with pressure. If the burn pro-
gresses through the dermis and into the subcutaneous fat, it 
is called a  third-degree or full-thickness burn . Since the 
dermal plexus of blood vessels and nerves are destroyed, 
the burn does not blanch and there is less pain than for a 
second-degree burn. If a burn penetrates to the muscle, 
bone, or tendon, it is called a  fourth-degree burn        
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top layer where the keratinocytes dry up and fl ake 
off. These dead keratinocytes create the dry skin 
that is common to dandruff and other  skin dis-
eases  . Much of the dust in houses is the result of 
these same dried cells. Interspersed among the 
basal cells are “ melanocytes  ” which create mela-
nin—the main pigment of skin. Melanocytes 
have multiple dendritic arms that deliver the mel-
anin pigment to the lower layers of keratinocytes 
to not only create pigment, but also protect the 
nuclei of the lower levels of keratinocytes (Fig. 
 8.4 ). Any burn that does not penetrate the epider-
mis is considered “fi rst degree” (Fig.  8.5 ). Since 
the epidermis acts as a barrier to keep the mois-
ture in and keep the bacteria out, all fi rst-degree 
burns are dry, red, and painful. The pigment is 
maintained since the melanocytes are not 
destroyed. The epidermis contains other immune 
cells such as Langerhans cells and dendritic cells.

     The epidermis is attached to the dermis 
through a basement membrane that is made of 

type IV collagen and laminin. There are also 
“anchoring fi bers” that are made of type VII col-
lagen which increase the strength of the attach-
ment of the epidermis. Damage or loss to any of 
these proteins tends to weaken the epithelial layer 
bond and leads to blistering diseases. For 
instance, Stevens-Johnson syndrome or toxic 
epidermal necrolysis syndrome (TENS) result 
from lymphocytes attacking the basement mem-
brane [ 2 ,  3 ].  Staphylococcus  scalded skin syn-
drome involves results from a toxin that attacks 
at a higher site in the basement membrane [ 4 ,  5 ]. 
Epidermolysis bullosa results from defects in 
anchoring fi brils including type VII collagen [ 6 ]. 
The dermal–epidermal junction is not a smooth 
surface, but is made of hills and valleys called 
“rete pegs.” Rete pegs reduce the chances for 
shearing the epidermis in normal skin. 

 The “ dermis  ” is dominated by type I collagen 
and produces the real “strength” of skin. Several 
other forms of extracellular matrix proteins also 
exist in the dermis. The dermis has a lower popu-
lation of cells than the epidermis, but it is domi-
nated by  fi broblasts and immune cells  . Recent 
studies suggest that fi broblasts of the deeper 
 dermis are different from those of the more 
superfi cial fi broblasts [ 7 ,  8 ]. The hypothesis is 

Stratum basale

Stratum
spinosum

Stratum
granulosum

Stratum corneum

Stratum lucidum

Basement
membrane

  Fig. 8.3      Epithelium anatomy   . The epithelium is classi-
cally divided into fi ve layers. The bottom layer is the  stra-
tum basale  or basal cell layer. This layer attaches to the 
basement membrane and is the least differentiated layer of 
the epidermis. This layer has the potential for migration and 
proliferation. The second layer is called the  stratum spino-
sum  where the cells start to differentiate but are still viable. 
The third layer is the  stratum granulosum  and the fourth 
layer is the  stratum lucidum . The most superfi cial layer, 
called the  stratum corneum,  consists of several layers of 
dying and dead fl attened cells that eventually fl ake off       

Melanocyte

  Fig. 8.4     Melanocytes   live in the basal layer of the epider-
mis and spread dendrites to dozens of keratinocytes. 
These dendrites deliver melanosomes containing melanin 
to the keratinocytes to create the pigmentation of skin       
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that the deeper cells contribute more to the for-
mation of excessive scar formation than the more 
superfi cial ones. The dermis contains a plexus of 
capillaries and nerves that provide sensation 
(pain with exposure) and redness that blanches 
with pressure. Any second-degree burn or any 
injury that destroys the protective epidermal bar-
rier leads to a weeping wound (Fig.  8.6 ). The 
fl uid that leaks is essentially extracellular  fl uid 
and leaking serum  . If the wound is exposed to air, 
the fl uid dries to form a “scab” that consists of 
fi brin and other debris. Exposure of the plexus of 
nerves leads to severe “burning” pain, and since 
the vascular supply is intact, the wounds blanch 
with pressure. Blisters are also typical of these 

“partial- thickness” burns. Some people divide 
“partial-thickness” burns into “superfi cial” and 
“deep” burns. The superfi cial burns are those that 
heal within 2–3 weeks and the deep partial- 
thickness burns are those that heal over a longer 
period and thus are at risk for  hypertrophic scar-
ring  . The dermis also contains numerous skin 
“adnexa” such as hair follicles, oil glands, seba-
ceous glands, and sweat glands. As will be dis-
cussed later, these skin adnexa are essential for 
re-epithelializing the wound.

   A “third-degree” or “full-thickness” burn 
extends all the way through both the epidermis 
and dermis. These burns tend to be dry since they 
form an “eschar” that consists of coagulated 

  Fig. 8.5    A fi rst-degree 
burn is observed on the 
hand that is red but dry 
since the epithelium 
remains viable. There is 
a small area of 
second-degree burn that 
is moist and red       

  Fig. 8.6    A second-
degree or partial-
thickness burn is  red , 
 weeping and blanches   
with pressure       
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 proteins from the destroyed tissue. Since the der-
mal plexus of nerves and vessels are destroyed, 
the wound no longer blanches and has less pain, 
especially to exposure or touch. Full-thickness 
burns can be white, red, yellow, or black (Fig. 
 8.7 ). Third-degree burns also tend to be inelastic 

and thus will not stretch when the underlying tis-
sues continue to swell. Therefore, circumferen-
tial, full-thickness burns often need to be released 
through escharotomies (“cuts through the 
eschar”). These wounds are usually treated with 
skin grafts.

   A “fourth-degree” burn is one that involves 
any structure deeper than the  subcutaneous fat  . 
These burns involve fascia, muscle, bone, ten-
dons, or deeper (Fig.  8.8 ). These wounds will not 
“take” a skin graft and thus need to be covered 
with different techniques such as fl aps.

       Basics of Wound Healing 

 Wound healing can be divided into three main 
forms—scar formation (recreation of the der-
mis), re-epithelialization (recreation of the bar-
rier), and contraction (shrinking the wound). 
While the chapter is focused on healing in the 
skin, these same principles apply to healing of 
any tissue in the body. Understanding the princi-
ples of healing will allow any surgeon to opti-
mize tissue repair to not only close the wound 
expeditiously, but also to minimize wounds that 
fail to heal or those that produce excessive scar. 

    Scar Formation 

 Traditionally, scar formation is divided into three 
phases—infl ammatory (lag) phase, proliferative 
(collagen) phase, and maturation phase. These 

  Fig. 8.7    Third-degree 
or full- thickness burns 
can be of multiple 
colors, but they do not 
blanch since the dermal 
plexus of blood vessels 
in the dermis are 
destroyed. This burn is 
white and does not 
blanch       

  Fig. 8.8    Fourth-degree burns penetrate down to muscle. 
This deep contact burn was the result of prolonged contact 
with a hot item. The exposed muscle is easy to observe       
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phases were originally described in studies that 
examined the breaking strength of an incision 
over time (Fig.  8.9 ). For the fi rst 4–5 days, during 
the   infl ammatory phase   , there is little increase in 
incisional strength (thus the alternative name - 
“lag” phase), which is why stitches are used for 
immediate closure. Fibrin may provide some 
adhesion but it is very ineffective. During this 
time, an infl ammatory response is initiated, but 
there is no increase in extracellular matrix pro-
teins. At around 5 days, the   proliferative phase    
starts. During this phase, there is a rapid increase 
in strength as collagen and other extracellular 
proteins are deposited in increased concentra-
tions. For an incision that is closed primarily, this 
proliferative phase lasts for 3–4 weeks. After that 
time, there is a prolonged   maturation phase    
where there is no increase in collagen formation, 
but the breaking strength still continues to 
increase so that the incision has regained approx-
imately 80 % of the original strength of skin. The 
maturation phase lasts for 12–18 months. Over 

the last several decades, a great deal has been 
learned about cellular processes and signaling 
that are involved in each one of these phases.

   The  infl ammatory phase  involves the signals 
that start the normal infl ammatory response of an 
injury. Injury is detected by many cellular sig-
nals. Local nerves that initiate pain detect injury. 
All tissues have “sentinel” macrophages whose 
role is to detect any perturbations in the environ-
ment and respond to regain homeostasis [ 9 ]. 
They detect signals from pathogens or tissue 
damage through receptors called “pattern recog-
nition receptors” (PRRs). For pathogens, they 
detect “pathogen-associated molecular patterns” 
(PAMPs), which are bacterial and viral products 
through these receptors. When cells are dam-
aged, they release “damage-associated molecular 
patterns” (DAMPs). If there are just a few bacte-
ria, the sentinel macrophages phagocytize them 
and the process stops. As there is more damage or 
pathogen invasion, the activation of the PAMPs 
leads to complex signaling to produce mediators 
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  Fig. 8.9    For an incision, incisional strength can be plot-
ted over time. The graph can be broken into three phases—
the  infl ammatory (or lag)    phase    where there is little 
increase in wound strength, the  proliferative (or collagen)  
  phase    where there is a rapid increase in incisional strength 
that correlates with an increase in collagen in the wound, 

and the  maturation phase  where the increase in strength 
continues without any change in the amount of collagen in 
the wound. In an incision, the infl ammatory phase lasts 
4–5 days, the proliferative phase lasts 2–3 weeks, and the 
maturation phase lasts 1–2 years       
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that assist with the infl ammatory response. The 
classic example is from  lipopolysaccharide (LPS)   
of gram negative bacteria that binds to Toll-like 
Receptor-4 (TLR-4), which then initiates a com-
plex signaling pathway through “nuclear 
factor-κB” (NF-κB) which then leads to produc-
tion of many “cytokines” such as tumor necrosis 
factor-α (TNF-α), interleukin-1 (IL-1), and inter-
leukin- 6 (IL-6). For viral infections, foreign 
DNA or RNA is detected by other cytoplasmic 
PRRs. For cellular damage, the classic DAMP is 
the expelled mitochondria since these organelles 
originally evolved from bacteria. 

 These cytokines (there are hundreds) released 
by the sentinel macrophages diffuse into the  local 
blood supply   and are detected by the endothelial 
cells of the nearby vessels to induce activation of 
“adhesion” molecules that make the capillaries 
“sticky” for infl ammatory cells. Infl ammatory 
cells and other cells migrate towards the infl am-
matory signals (by  chemotaxis ) and are activated 
to produce adhesion molecules to adhere to the 
capillaries and venules near the site of injury and 
then enter (by   diapedesis   ) into the site of injury. 
The infl ammatory cells then assist with the 
destruction of pathogens in preparation for heal-
ing. To assist with this process, local cells release 
histamine and serotonin (plus other proteins—
leukotrienes, cyclooxygenases) to cause vasodi-
lation and increased permeability, which we 
know as the “edema” of injury. 

 Another initiator of these infl ammatory sig-
nals occurs when cells in one compartment 
invade a “foreign” compartment. The classic 
example occurs when cells within blood ves-
sels suddenly leak out and contact the proteins 
outside the vessel. Platelets inside the blood ves-
sel are “content” until they are exposed to the 
damaged surroundings such as type I collagen. 
When contacting “foreign” proteins, they adhere 
and release their alpha granules, which contain 
many signals, especially “growth factors” that 
initiate the healing process. Growth factors are 
proteins released from one cell that stimulate 
migration and growth of other cells. The alpha 
granules contain, among many others, two impor-
tant growth factors involved in tissue repair—
platelet-derived growth factor (PDGF) and 

transforming growth factor-β (TGF-β). These 
growth factors attract both infl ammatory cells 
and fi broblasts into the wound. Products of clot-
ting, such as thrombin and fi brin, also act to 
attract cells required for healing. Finally, the 
compliment components C3a and C5a initiate the 
infl ammatory response. These local processes are 
the major initial activity of the infl ammatory 
phase. As is covered in Chap.   7    , the same process 
when driven to excess leads to sepsis and if 
uncontrolled—“multiple organ dysfunction syn-
drome,” which often ends in the patient’s death. 

 Many studies from the past determined that 
many infl ammatory cells have little role in the 
actual healing process. Neutrophils are essential 
for fi ghting infection, but healing proceeds nor-
mally in their absence [ 10 ]. Subsequent studies 
clearly demonstrated that macrophages are the 
main orchestrators of the healing process [ 11 ]. It 
is not clear whether the resident “ sentinel  ” mac-
rophages or migrating monocytes play this regu-
latory role, but is likely that both populations of 
macrophages are involved. The infl ammatory 
response continues in any open wound until it has 
closed, but the arrival of the fi broblast starts the 
next phase of scar formation. 

 The next phase, the   proliferative phase    ,  
involves two activities, the deposition of an 
extracellular matrix between wound edges and 
the development of a new blood supply to the 
wound (angiogenesis and vasculogenesis). 
Several growth factors, including PDGF and 
TGF-β, attract fi broblasts into the wound. Once 
they are present, fi broblasts produce collagen 
and other extracellular matrix proteins. The 
main strength of the wound is derived from col-
lagen, which has a very complex biochemical 
pathway. All collagens consist of repeats of the 
amino acid triplets glycine, X and Y, where “X” 
is frequently proline and “Y” is either a proline 
or lysine that are hydroxylated to add a hydroxyl 
(–OH) group. The enzyme that hydroxylates 
proline or lysine is called “prolyl hydroxylase” 
or “lysyl hydroxylase.” This step, which requires 
vitamin C, is required to produce the triple helix 
that produces the chains procollagen. If this step 
fails, such as in the vitamin C defi ciency disease 
 scurvy,  collagen fails to form. Another essen-
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tial step involves an enzyme called “ lysyl oxi-
dase  ,” which creates intermolecular cross-links 
between collagen molecules. Failure to com-
plete this step leads to impaired healing diseases 
such as “ lathyrism  .” The rapid increase in col-
lagen continues for 2–3 weeks in an incision and 
then there becomes a balance between collagen 
synthesis and breakdown that is the start of the 
maturation phase of healing. 

 The second component of the proliferative 
phase is the creation of a new blood supply. In 
essence, without nutrients, fi broblasts are unable 
to complete their job. The main form of blood 
vessel repair outside the embryo is called   angio-
genesis    (Fig.  8.10 ). The signals that regulate 

angiogenesis are well-known [ 12 ,  13 ]. Resident 
macrophages can tolerate a relatively hypoxic 
environment. When oxygen is defi cient, hypoxia- 
inducible factor-1 and -2 (HIF-1, HIF-2) is pro-
duced by the macrophages [ 14 ,  15 ]. These 
proteins stimulate the production of specifi c 
growth factors that stimulate angiogenesis. The 
two key growth factors that directly stimulate 
angiogenesis are fi broblast growth factor-2 (FGF-
2, also known as basic fi broblast growth factor 
[bFGF]) and vascular endothelial growth factor 
(VEGF). Endothelial cells of post- capillary 
venules detect these angiogenic factors and 
release collagenases that digest the endothelial 
cell basement membrane. The endothelial cells 
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  Fig. 8.10      Angiogenesis   . A hypoxic environment stimu-
lates macrophages to produce angiogenic factors such as 
fi broblast growth factor-2 (FGF-2) and vascular endothe-
lial growth factor (VEGF). When the endothelial cells 
detect the angiogenic factors, they release collagenases to 

digest away the venule basement membrane and they 
migrate towards the angiogenic stimuli. The migrating 
cells eventually form tubules and local pericytes cover the 
new capillary. Eventually, they “hook” into other vessels 
to create a new blood supply       
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then migrate towards the angiogenic signal, form 
tubules, and join other vessels in the hypoxic 
environment. Other growth factors stimulate the 
pericytes that surround vessels to accompany the 
endothelial cells during their migration. The other 
method of blood vessel growth is called   vasculo-
genesis    where bone marrow-derived stem cells 
migrate to the wound to create new blood vessels. 
Vasculogenesis is very important during embryo-
genesis, but its role in wound healing is less clear.

   The fi nal phase of healing is called the   matu-
ration phase    .  During this phase, which can last 
up to 2 years, there is no increase in the amount 
of collagen in the wound, although wound 
strength continues to increase. In addition, there 
is a gradual resolution of infl ammation and 
angiogenesis that results in a relatively avascular 
scar. The reason why there is no change in colla-
gen content is that collagenases are induced to 
breakdown collagen at the same rate as collagen 
is synthesized. The wound continues to increase 
in strength because collagen is broken down in 
planes that do not require strength, while it is 
increased along lines of stress. At the same time, 
intercollagenous bonds are formed with the 
enzyme “lysyl oxidase” to further increase the 

strength of the incision. In normal healing, this 
balance leads to a wound that is 80 % as strong as 
the original tissue. Unfortunately, collagen syn-
thesis and degradation may become unbalanced 
leading to pathologic healing. If there is decreased 
collagen synthesis relative to breakdown, such as 
with scurvy, lathyrism, or impaired blood supply, 
then chronic, nonhealing wounds result. If, on the 
other hand, the balance is shifted to produce too 
much collagen relative to collagen breakdown, 
hypertrophic scarring and fi brosis result. Once 
the balance between collagen synthesis and 
breakdown is altered, regaining the proper bal-
ance becomes very diffi cult. The treatment of 
excessive scar formation will be examined in 
greater detail in Chap.   20    . 

 The previous description of scar formation 
really applies to the simple closure of an incision. 
Dealing with a larger wound, such as a burn, is 
signifi cantly more complex. As long as the 
wound is exposed, all of the phases, including the 
infl ammatory phase, persist (Fig.  8.11 ). There 
tends to be a blending of the phases so that on the 
exposed surface there is persistent infl ammation. 
Beneath the exposed area, fi broblasts lay down 
collagen in an attempt to “wall off’ the exposed 
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epithelium

Wound edgeWound edge

  Fig. 8.11    In a wound that remains chronically open, all of the three phases of scar formation exist at the same time. 
The exposed tissue forms  granulation tissue  , which has some barrier function but not as much as a new epithelium       
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wound. At the edges, where the epithelium starts 
to migrate across the wound, there are signs of 
maturation. The red, moist tissue consisting of 
collagen, blood vessels, and infl ammatory cells is 
known as “ granulation tissue  .” Granulation tis-
sue has some barrier function, but it is not as 
effective as a re-epithelialized wound.

   A major role of the maturation phase is to 
“turn off” the processes of tissue repair. Several 
processes stop healing. First of all, eliminating 
exposure to the environment is required to stop 
the ongoing infl ammatory stimuli. Therefore, 
eliminating exposure to the signals of pathogens 
(PAMPs) and damaged tissues (DAMPs) is 
required. The primary way to stop these 
 infl ammatory signals is to develop a new epithe-
lium. It turns out that the epithelium releases sig-
nals that induce apoptosis (programmed cell 
death) in both infl ammatory cells and fi broblasts 
[ 16 ,  17 ]. In addition, covering an open wound 
with a skin graft or fl ap induces apoptosis in the 
cells of tissue repair [ 18 ,  19 ]. Another factor that 
decreases the healing process is to eliminate ten-
sion in the wound. Tension is detected by fi bro-
blasts and other cells, which in turn signal 
through the Rho pathway to produce more TGF-
β1. TGF-β1 then stimulates more collagen pro-
duction to “resist” the tension [ 20 – 22 ]. Releasing 
that tension, by simply performing a Z-plasty, 
will tend to slow down scar formation [ 23 ].  

    Re-epithelialization 

 The second form of healing involves recreating 
the  barrier  of  skin  — re-epithelialization . The 
bottom layer of the epithelium contains the 
“basal” cells that are the only keratinocytes that 
have the potential for  epithelial growth  . Normally, 
the basal cells are inhibited from proliferating by 
cell–cell contact inhibition. When juxtaposed, 
they differentiate and migrate to the surface to 
develop the multiple layers of the epithelium. 
Eventually, they undergo apoptosis (programmed 
cell death) to create the outer dead layer of  skin  . 
After wounding, there are at least three stimuli to 
initiate basal cell migration across the viable 
matrix of the wound (Fig.  8.12 ). First, loss of 

cell–cell contact inhibition stimulates migration. 
Second, several growth factors are released in the 
wound that stimulate epithelial proliferation and 
migration. The main growth factors that stimu-
late epithelial activity are epidermal growth fac-
tor (EGF), transforming growth factor-α 
(TGF-α), and keratinocyte growth factors 1 and 2 
(KGF-1 and KGF-2). The fi nal stimuli for cell 
migration are the actual proteins in the provi-
sional matrix of the wound. Years ago, Woodley 
demonstrated that when  keratinocytes   are cul-
tured on proteins found in the normal epithelial 
basement membrane, such as laminin or type IV 
collagen, they tend to be stationary. If they are 
cultured on proteins of the wound, such as type I 
collagen or fi bronectin, they are stimulated to 
migrate [ 24 – 27 ].

   The basal cells migrate across the wound sur-
face as a continuous sheet with connection to the 
original epithelial edge. Basal cell proliferation 
takes place at the wound edge to replace cells that 
migrate across the wound bed. The migrating 
epithelium will only travel around 2 cm and then 
the rest of healing is from contraction in a full- 
thickness wound. For more superfi cial wounds 
(partial-thickness), there is a layer of dermis that 
remains. This dermis contains  skin adnexa   such 
as hair follicles, oil glands, sebaceous glands, and 
others. These adnexa are lined with keratino-
cytes, which migrate onto the wound surface and 
assist with re-epithelialization. Hair follicles 
have stem cells in the bulb and bulge, which are 
contributors to re-epithelialization. When there is 
a high density of hair follicles, re- epithelialization 
is very rapid. If one harvests scalp skin for a split- 
thickness skin graft, then the scalp will re- 
epithelialize within 4–5 days. In areas with fewer 
skin adnexa, such as on the lower leg, re- 
epithelialization is much slower—roughly 2–3 
weeks. As people age, they tend to lose hair fol-
licles. In the very elderly, hair follicles often dis-
appear from areas such as the leg. When an older 
person suffers a very superfi cial scald, the loss of 
hair follicles prevents re-epithelialization so that 
they are often said to “convert” to a full-thickness 
wound. They really did not “convert” but, instead, 
without hair follicles, they did not have a chance 
to resurface the wound. Fortunately for the 
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elderly, the laxity of skin may allow for contrac-
tion without contracture. 

 If the wound surface maintains a moist environ-
ment, the migrating  keratinocytes   receive little 
resistance with travel so that re-epithelialization 
proceeds rapidly. If, however, the wound is allowed 
to desiccate, the normal fl uids that leak from the 
wound precipitate to form the “scab” we are famil-
iar with. Scabs are made up of fi brin and other pro-
teins that leak out of the wound. When the scab is 
covered with an ointment, it often appears as a 
white exudate. When the scab dries, it becomes 
darker and has a more leather-like appearance. 
Since migrating keratinocytes have to maintain 
contact with a viable wound surface, they have to 
“cut” through the scab by releasing proteases and 
fi brinolytic enzymes. Thus, they require more time 

to cover the wound. The keratinocytes eventually 
break out from beneath the scab to produce  epithe-
lial buds  . Once these “epithelial buds” appear 
within the middle of the scab, the wound will 
likely heal within the next few days (Fig.  8.13 ). 
Allowing the wound to dry always slows the time 
to re-epithelialize compared to a wound that 
remains moist [ 28 ]. Clearly, if one tries to mini-
mize scarring, then the wound must re-epithelial-
ize within 2–3 weeks, so any wound that is allowed 
to desiccate retards closure and leads to a higher 
likelihood of forming a hypertrophic scar. There 
are techniques for treating a superfi cial wound that 
will maintain a moist environment. Simple appli-
cation of an ointment will maintain a moist envi-
ronment. Biologic dressings are designed to 
adhere to the wound and maintain the optimal 

  Fig. 8.12    At the edge of the wound, the basal cells are 
stimulated to migrate across the viable surface of the 
wound. The migrating cells are replaced by cellular prolif-
eration at the base of the original wound. The migrating 
cells will only travel 1–2 cm, and if there are no  skin 

adnexa  , the rest of the closure depends on scar formation 
and wound contraction. If there are skin adnexa (hair folli-
cles, oil glands, and other glands), the  keratinocytes   in 
those wounds migrate onto the wound surface to assist with 
closure. If the adnexa are close together, healing is faster       
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moist surface. There are many choices of topical 
ointments or dressings that will allow more rapid 
re-epithelialization. These treatments will be cov-
ered later in the chapter.

       Wound Contraction 

 The third type of tissue repair is  contraction —
where the wound edges are “pulled” together to 

close the wound. Wound contraction is an effi -
cient compromise that rapidly closes the wound 
instead of replacing the original tissue. If one 
makes a large (1.5 × 1.5 cm) wound that covers 
around half of a mouse’s back, that wound is 
“pulled” closed in around 10 days—leaving only 
a 1–2 mm central area that has formed a scar and 
has re-epithelialized. This effi cient healing is 
essential for the survival of an animal that does 
not have the time that would be required to regen-
erate the lost skin. Contraction is the work of spe-
cialized fi broblasts, called “ myofi broblasts  ,” 
which lay down collagen, “grasp” that collagen, 
and then contract as though they were muscle 
cells (Fig.  8.14 ). Myofi broblasts contain α-actin 
and myosin, just like muscle cells, which create 
the force to shrink the edges of a wound. Since 
fi broblasts do not enter the wound for 4–5 days 
(during the “lag” period), there is little contrac-
tion until that period. Once myofi broblasts are 
present, however, contraction is relatively rapid. 
Also, in parallel with scar formation, there is a 
prolonged maturation phase where contraction 
persists for months.

   Wound contraction is very helpful in many 
wounds. A gunshot wound to the buttocks will 
contract rapidly. The same process is helpful in 

  Fig. 8.13     Epithelial buds   are visualized in this partial- 
thickness wound as pink islands that have digested away 
the “scab.” Part of the “scab” remains in the lower part of 
the wound       

  Fig. 8.14    Contraction occurs as  myofi broblasts   lay down collagen, “grab” it, and then contract like muscle cells       
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closing abdominal incisions left open to heal 
secondarily. Fingertip amputations will also con-
tract nicely. It becomes clear that when the skin 
surrounding the wound is “loose,” wound con-
traction is very effective. Unfortunately, contrac-
tion does not stop in instances where there is 
signifi cant resistance to closure. While contrac-
tion is slower when resistance is higher, it does 
persist and the body will attempt to close any 
wound if given enough time. When contraction 
leads to functional or cosmetic deformity, it is 
called a  contracture . An extreme example can be 
exemplifi ed in a girl who sustained a full-thick-
ness  scald burn   to her neck, chest, and abdomen. 
She was not treated for 16 months when she pre-
sented to us with her lip pulled onto her chest 
(Fig.  8.15 ). I have also seen toes pulled towards 
the ankle and fi ngers pulled into the palm. 

Clearly, over time the forces of wound contrac-
tion are incredibly strong.

   The main role of occupational and physical 
therapists in the burn unit is to oppose these con-
tractile forces. The contractile forces are persis-
tent and frustrating. It is typical for a patient to 
make progress with stretching a fresh burn scar 
during the day and then after sleeping the con-
tracture recurs. This is why splinting at night is 
very important. There is an ongoing “battle” 
between the  shrinking scar   and the stretching 
against the contractile forces. The process per-
sists for months and gradually, after 4–6 months, 
the compliant patient will gain range of motion. 
If there is no resistance against the contracture, 
the new scar becomes less pliable and essentially 
becomes unresponsive to  stretching  . Thus, early 
therapy is essential. If the scar is allowed to 
mature, then reconstructive surgery may be 
required (see Chap.   11    ).  

    Pigmentation 

 Pigmentation changes after a  burn injury   are 
often not emphasized, but they can have profound 
effects on a burn survivor. Loss or gain of pig-
mentation in an otherwise perfectly healed area 
of skin is still very noticeable and may lead to 
social diffi culties for that person. Any  caregiver 
should always strive to allow a wound to regain 
as normal a pigment as possible. Unfortunately, 
very little is known about how to control 
pigmentation. 

 Skin pigmentation exists in the very super-
fi cial parts of the skin—the bottom of the  epi-
dermis   [ 29 ]. The predominant physiologic role 
of pigment is to create a protective barrier to 
the harmful effects of the sun. The pigment 
blocks harmful ultraviolet rays from damag-
ing the DNA of  keratinocytes  . It makes sense 
then that pigment is deposited above the nuclei 
in the bottom 2-3 cell layers of the epidermis. 
The superfi cial position of the pigmentation also 
means that even superfi cial second-degree burns 
lose pigment—leaving a pink wound base that 
initially lacks pigment with re-epithelialization. 
Re-pigmentation always lags behind re-epitheli-

  Fig. 8.15    This child had a scald burn to her neck, chest, 
and abdomen that was untreated for 16 months. The wound 
contracted to the point that her lip was on her chest. When 
the scar was removed the size of the original body was 
revealed. The area was resurfaced with a good result       
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alization, but more superfi cial wounds tend to do 
better than deeper wounds. 

 The biology of pigmentation is somewhat 
complicated and has been recently reviewed in 
more detail [ 30 ]. The color of the skin is deter-
mined by four main pigments—  melanin    (brown/
black), carotene (yellow), oxygenated hemo-
globin (red), and reduced hemoglobin (blue). 
 Melanin  is the major pigment in skin and hair. 
Specialized cells called   melanocytes    produce 
melanin. They are derived from the neural crest 
during the second month of embryogenesis and 
migrate to the skin. These same neural crest 
cells are the source of neurons. Like neurons, 
melanocytes develop multiple dendrites that 
distribute melanin to around 40 keratinocytes in 
the bottom two to three layers of keratinocytes 
(Fig.  8.4 ). Melanin is stored in special organelles 
called   melanosomes    prior to transfer. The mela-
nosomes are phagocytized by the keratinocytes 
and placed above the nucleus. In essence, they 
are strategically located as screens to protect 
the DNA from the harmful effects of ultraviolet 
light. There are specifi c receptors on the mela-
nocyte, called melanocortin- 1 receptors (MC1R), 
which stimulate pigment production. The pitu-
itary gland produces a hormone precursor called 
 proopiomelanocortin (POMC)      that can divide 
into either α-melanocyte-stimulating hormone 
(α-MSH) or the hormone that stimulates cortisol 
production from the adrenal cortex—adreno-
corticotropic hormone (ACTH). α-MSH is the 
main agonist for  melanin   synthesis by binding 
to MC1R. Melanin synthesis is also increased in 
response to ultraviolet light, which explains why 
pigmentation increases after sun exposure. 

 Any partial-thickness burn destroys the epi-
thelium and therefore the pigment of the skin is 
lost. As stated above, skin initially re- 
epithelializes without pigment to produce a pink 
but unpigmented skin. Eventually, pigmentation 
appears at the same sites where skin adnexa had 
re-epithelialized the skin. The skin develops 
brown dots at hair follicles and other skin adnexa 
that eventually spread and coalesce into newly 
pigmented skin (Fig.  8.16 ). It is uncertain if the 
melanocytes migrate onto the skin surface after 
the keratinocytes or if they migrate with the 

wounds and then differentiate into mature mela-
nocytes to produce melanin. Since hair pigmenta-
tion is regulated in a somewhat different fashion 
than skin pigmentation, the “ hair melanocytes  ” 
might have to change their phenotype into skin 
pigment-producing cells. More superfi cial 
wounds re-pigment faster than deeper burns. 
Deeper burns may never re-pigment. It will often 
take a year for a wound to regain its original pig-
mentation. Unfortunately, we have very little 
control over how much a wound pigments. We 
always tell patients that they should avoid sun so 
that the wounds will not “over-pigment,” but 
color differences may persist. There are some 
medications that may help with pigmentation 
changes, but they are very diffi cult to regulate. 
We certainly could use more research about the 
regulation of pigmentation.

  Fig. 8.16    Re-pigmentation tends to lag behind re- 
epithelialization. At the hair follicles and other skin 
adnexa, melanocytes differentiate to produce pigmented 
dots that eventually coalesce to re-pigment the wound. 
Deeper wounds (such as around the open area) tend to 
pigment later than more superfi cial areas       
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       Factors That Inhibit Wound Healing 

 Most healthy people heal without much trouble. 
There are, however, people with problems that 
signifi cantly  impair tissue repair  . It is important 
for caregivers to know which patients are at risk 
for these impairments. Healing is altered in those 
patients who are very old, malnourished, have 
infections, diabetes mellitus, and impaired oxy-
genation and systemic illnesses; or receive agents 
that impair rapid cellular growth—steroids, che-
motherapy agents, or radiation. This section will 
briefl y comment on these impairments, but the 
effects of these problems are reviewed in greater 
detail in excellent reviews [ 31 – 33 ]. 

 There are well-known changes to the skin that 
occur as one ages [ 34 – 38 ]. There are  intrinsic  
changes that include thinning, stretching, sag-
ging, wrinkling, pigment changes, and loss of 
 skin adnexa  . These normal changes of aging can 
be accelerated to produce  extrinsic  changes. 
Exposure to sunlight is the most well-known 
extrinsic factor that accelerates aging of skin. 
Loss of skin adnexa, especially hair follicles, can 
predispose the elderly to a wound that fails to re- 
epithelialize. Even a very superfi cial partial- 
thickness burn will fail to heal if there are no skin 
adnexa. Caregivers may suggest that the wound 
“converted” to full-thickness, but, in reality, 
without skin adnexa the wound has no chance to 
re-epithelialize. The thinning of the dermis also 
makes skin grafting more risky since harvesting 
split-thickness skin may lead to a donor site that 
fails to heal. A benefi t of loose skin, however, is 
that smaller wounds can contract with lower 
chance of contracture. As the population ages, 
these issues will become more important in the 
management of our aging population. Fortunately, 
the outcomes for older patients with burns are 
improving. 

 It has been known for almost a century that 
malnutrition impairs tissue repair [ 39 – 41 ]. If 
nutritional intake is impaired at the time of 
wounding, tensile strength of an incision will 
decrease in proportion to the defi cit. Restricting 
both total calories and protein, or simply protein 
by itself will impair tissue repair. This fact is 
even more important for the hypermetabolic burn 

patient. Failure to provide adequate nutrition will 
impair the healing of the wounds. Defi ciencies in 
individual nutrients, including arginine, zinc, 
copper, vitamins A, and C, will all impair tissue 
repair. It is important to remember that failure to 
heal a wound may ultimately lead to sepsis and 
multiple organ dysfunction syndrome that lead to 
the death of the patient. 

 The role of infection is not as clear as one 
would expect [ 42 – 46 ]. Minor infections may 
stimulate the infl ammatory response and improve 
healing. Traditionally, when bacteria increase in 
number to reach greater than 10 5 /g tissue, healing 
is impaired and skin grafts are unlikely to take 
[ 46 ,  47 ]. Some infections can have profound 
effects on healing.  Pseudomonas aeruginosa  is a 
common contaminant in the wound that often 
leads to a yellow exudate. The exudate is not a 
problem, but on occasion,  Pseudomonas  invades 
tissue to create purple/gray punched out lesions 
that destroy large areas of skin (Fig.  8.17 ). These 
infections are often fatal unless aggressively 
treated.

   Diabetes mellitus is a well-known cause of 
impaired tissue repair [ 48 – 52 ]. There are three 
major reasons why  diabetes   is a detriment to 
wound healing. First, there is a vascular compo-
nent where diabetics are predisposed to athero-
sclerosis and thus have  macrovascular disease  . In 
addition, there are microvascular changes, 
including capillary basement membrane thicken-
ing, that inhibit fl ow of nutrients to the site of 

  Fig. 8.17    This is an example of a superfi cial scald burn 
that was invaded by   Pseudomonas aeruginosa   . The child 
became profoundly unstable, and despite aggressive exci-
sion of the wound, she ultimately died of sepsis       
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healing. Second, people with diabetes frequently 
develop peripheral neuropathy leading to insen-
sate feet. Therefore, people do not notice when 
their feet are being injured, so they develop deep 
injuries. We have treated many diabetics who 
have walked out on hot surfaces, or have tried to 
warm their feet in hot water or near heaters, who 
have developed full-thickness burns [ 53 ]. These 
burns lead to a need for prolonged care and fre-
quently amputations. Loss of the normal refl exes 
to maintain the arch of the foot leads to pressure 
points on the fi rst or second metatarsal heads, 
which leads to the typical  plantar ulcers   at these 
points. In addition, loss of sympathetic nerves 
leads to loss of sweating that leads to dry, crack-
ing feet. These areas are prone to infection. The 
third problem with diabetes is that there is an 
impaired ability to deal with infections that is at 
least somewhat related to hyperglycemia. It is not 
uncommon for major infections to develop in 
small wounds, which ultimately leads to exten-
sive tissue destruction. People with diabetes have 
the highest nontraumatic amputation rate of all 
groups. Studies reveal that once a wound devel-
ops in a diabetic patient, they have a very high 
chance of never healing that wound [ 54 ]. 

 Oxygen is essential to the healing process and 
one of the major reasons for a wound not to heal 
is a poor blood supply [ 55 ]. One of the primary 
reasons for performing vascular surgery to the 
extremities is because a limb has a wound that 
does not heal. One must consider the perfusion of 
a limb when trying to get a burn to heal or to 
determine whether a graft will take. Many sys-
temic diseases inhibit the healing process. 
Uremia, for instance, is a cause for impaired 
healing [ 51 ]. Any process that increases tissue 
edema also inhibits delivery of nutrients to the 
wound and is a detriment to tissue repair. One 
must consider any process that increases the met-
abolic demand on the body “takes away” nutri-
ents from the wound. Since the metabolic demand 
of major burns is so extensive, wounds tend to 
take longer to heal in the massively burned 
patients. Finally, since wound healing demands 
the rapid migration and proliferation of cells at 
the site of injury, any drugs or treatments that 
inhibit cell growth or migration inhibit the heal-

ing process. Steroids have been known to inhibit 
tissue repair for years [ 56 ,  57 ], probably because 
of their anti-infl ammatory activities. The goal of 
chemotherapy agents [ 58 – 61 ] and radiation [ 62 –
 64 ] therapy are to kill rapidly proliferating cancer 
cells while allowing the quiescent cells to sur-
vive. For healing to occur, however, rapid prolif-
eration of cells is required. Therefore, people 
being treated for malignancies or for major auto-
immune diseases tend to have more healing dif-
fi culties. All of these factors must be considered 
when treating burn patients.  

    Topical Agents for Burn Wound 
Healing 

 Topical agents have been used to treat burns for 
centuries. Topical agents have been designed to 
provide a moist environment to optimize re- 
epithelialization and to provide antimicrobials to 
retard microbial growth. There are some miscon-
ceptions about burn topicals that need to be clari-
fi ed. Some people believe that the topical agents 
“heal the wound,” but they do not; people heal 
their own wounds, but topicals can optimize 
healing. Other people believe that topical agents 
can “accelerate” healing, but in reality, it is 
extremely diffi cult to accelerate healing in 
healthy people. Studies with growth factors from 
the past suggested that healing in healthy people 
could be accelerated by a half day [ 31 ]. This 
result was statistically signifi cant but clinically 
irrelevant. No one would pay thousands of dol-
lars for a wound to heal a half-day faster. The use 
of growth factors to improve impaired healing is 
of value and might prevent scar formation [ 33 , 
 65 ,  66 ]. Since growth factors either from geneti-
cally engineered proteins or from cultured cells 
are extremely expensive, so one must balance the 
cost versus benefi t. The other misconception is 
that topical antimicrobials eliminate bacteria. 
They suppress growth but they do not kill all 
microorganisms. Most topical agents will kill 
specifi c bacteria, but do not cover other potential 
pathogens so that other potentially more resistant 
organisms may grow. For instance, mafenide 
acetate kills many bacteria, but does not cover 
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yeast. These wounds tend to colonize yeast and 
not bacteria. As a matter of fact, topical agents 
may contribute to resistant organisms that are 
quite prevalent in the burn unit. A signifi cant 
question is whether any antimicrobial agent is 
helpful or not. Maybe, leaving the normal fl ora 
would be better for the wound. This section will 
briefl y cover many of the typical topical agents 
used for burns [ 67 – 70 ]. The goal should always 
be to have an agent that minimizes infection, 
optimizes healing, and is not toxic to the cells 
healing the wound. 

    Bacitracin and Other Antimicrobial 
Ointments 
 There are many  antimicrob  ial ointments that are 
inexpensive and effective for the treatment of 
small, superfi cial burns. Ointments help main-
tain the moist environment to optimize the 
migration of keratinocytes, the antimicrobials 
minimize infection, and they are fairly inexpen-
sive. One of the most commonly used ointments 
is  bacitracin . Bacitracin is effective against 
gram-positive organisms, which are the predom-
inant early organisms in a wound. It has little 
effi cacy against gram negatives or yeast, so one 
must watch for the appearance of these organ-
isms. The ointment is usually applied with a 
nonsticky dressing and has to be changed twice 
per day. It is also applied to faces without any 
other dressing two to three times per day. The 
positive aspects of bacitracin are that it is inex-
pensive and easy to use for small burns. The 
down side is that the dressings have to be 
removed and changed, which is quite painful. 
After a week or so, bacitracin will almost always 
lead to a maculo-papular rash that may be an 
overgrowth of yeast or just a contact dermatitis. 
Patients just need to stop using bacitracin and it 
will go away. There are other topical ointments 
that are also used such as neomycin or Neosporin 
(Johnson & Johnson, Inc., New Brunswick, NJ) 
that are effective. On occasion, especially when 
a rash from bacitracin occurs, we will often use 
an ointment lacking any antimicrobials to cover 
the wound. These untreated ointments may be 
just as effective as those that have antimicrobials 
for small  supe  rfi cial wounds.  

    Silver  Sulfadiazine   
 Silver sulfadiazine has been the prototypical burn 
cream used for decades. It was originally named 
“Silvadine,” although the product with that name 
is no longer made. The cream has effi cacy against 
gram positive and negative organisms, along 
with some yeast. It is very soothing and has been 
a standard antimicrobial that has been used for 
decades. It is a “sulfa drug” that is combined with 
silver, which both have antimicrobial effects. 
The typical leukopenia observed the fi rst few 
days after burn injury has been attributed to silver 
sulfadiazine, but it is more likely due to margin-
ation of the infl ammatory cells into the wound. 
There are now multiple studies that suggest that 
re-epithelialization is impaired with its use com-
pared to other dressings, so it is not the optimal 
agent for partial-thickness burns [ 71 ,  72 ]. We 
usually use it for deep burns prior to performing 
excision and grafting. One product combines sil-
ver sulfadiazine with cerium nitrate to add extra 
antimicrobial effects [ 73 ,  74 ]. Since the philoso-
phy for many centers is to treat deep burns 
aggressively with early excision and grafting, 
these topical agents are not as frequently used as 
in the past.  

     Bismuth Dressing (Xeroform)   
 Another dressing that has been around for 
decades is Xeroform (DeRoyal Industries, 
Powell, TN), which is a bismuth-containing oint-
ment placed on a fi ne mesh gauze. Another varia-
tion of this type of dressing is called “Scarlet 
Red” due to its red color. Scarlet red is no longer 
manufactured. These agents retain some mois-
ture on the wound surface and have some antimi-
crobial effects. They may stick to the wound, 
however. We tend to use Xeroform on smaller 
open wounds as they approach their fi nal closure. 
They are very easy to apply and are easy for the 
patient or their families to learn to use.  

     Mafenide Acetate   
 Mafenide acetate (Sulfamylon, Mylan 
Pharmaceuticals, Hertoferdoshire, UK) was 
developed decades ago with the specifi c purpose 
of reducing  Pseudomonas aeruginosa  infec-
tions [ 75 ,  76 ]. In the past, the typical treatment 
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of burns was to allow for the eschar to “sepa-
rate” spontaneously and then graft the underly-
ing granulation tissue. One problem with this 
approach was that, on occasion,  Pseudomonas 
aeruginosa  would become “invasive” leading 
to a profound sepsis that was often rapidly fatal 
even when aggressively excising the wound 
(Fig.  8.17 ). Mafenide acetate is highly effec-
tive against the bacteria and reduced these dev-
astating infections. Mafenide acetate is a “sulfa 
drug” that exists as a cream or can be made as 
a solution. It penetrates into eschar better than 
any other antimicrobial agent, so it is a good 
choice for treating deep ear burns to reduce the 
chance of developing chondritis—an infection 
of the cartilage that is highly destructive. It is 
occasionally irritating to the wound and should 
be stopped when it causes pain. As a solution, 
it has often been used as an irrigant to reduce 
infections in skin grafts. Mafenide acetate has 
no effi cacy against yeast or fungus, so many 
people add nystatin or miconozole to the solu-
tion. If not, yeast overgrowth will often occur. 
Mafenide acetate is a carbonic anhydrase inhibi-
tor, so it may cause a metabolic acidosis that can 
be treated with sodium bicarbonate.  

     Bleach Products   
 An old product to treat wounds has been “Dakins 
solution” (sodium hypochlorite), which is a dilute 
concentration of bleach. Bleach kills all forms of 
antimicrobials, but can, at high concentrations, 
be toxic to normal cells. We tend to use this prod-
uct when wounds  bec  ome invaded with fungi.  

     Acetic Acid   
 Another older treatment that has re-emerged in 
recent years has been acetic acid that has some 
effi cacy in treating chronically open wounds.  

     Silver Products   
 Silver, by itself, has antimicrobial effects [ 67 , 
 77 ]. An old but effective silver product is silver 
nitrate solution. It covers most bacteria and yeast 
or fungus. The silver ion precipitates when it 
combines with chloride. The silver chloride pre-
cipitate will stain all other tissues and all other 
items with a dark brown color. This stain is very 

diffi cult to remove from fl oors, walls, and cloth-
ing. In addition, when the silver precipitates, it 
exposes tissue to water so that patients can 
develop hyponatremia. 

 Many dressings now come with silver adhered 
to the material. Some have nanocrystalline silver 
and others have other forms of the element. The 
idea is to add an antimicrobial to a dressing that 
is designed to optimize the healing environment. 
Some microorganisms, however, develop resis-
tance to silver ions through mechanisms that 
include the excretion of the ion.  

     Biologic Dressings   
 Since the goal is to maintain a moist environment 
on the surface of the wound that allows for rapid 
epithelial migration, many dressings have been 
designed to carry out this goal [ 78 ,  79 ]. “Biologic 
dressings” are a class of dressings that are 
designed for this purpose. One of the earliest 
types of dressing to be developed was a polyure-
thane dressing that would adhere to the surround-
ing normal skin. Two of the very common 
products are OpSite (Smith & Nephew, London, 
UK) and Tegaderm (3M, St. Paul, MN). These 
dressings allow for some evaporation of water 
through the dressing to reduce pooling of serum, 
but not enough to allow desiccation. They are 
superb for small superfi cial wounds and small 
split-thickness donor sites. They do tend to col-
lect fl uid beneath them that often will leak if not 
aspirated with a needle. The underlying fl uid may 
become contaminated with bacteria, which can 
lead to a wound infection. It is often very diffi cult 
to have the dressing adhere to larger donor sites 
or wounds so that the dressing may slip off the 
wound. 

 Another well-known dressing that has been 
around for decades is Biobrane (Smith & 
Nephew, London, UK), which has type I colla-
gen attached to a nylon/silicone sheet. The colla-
gen sticks to the wound and the silicone acts as a 
barrier to prevent drying. The wound re- 
epithelializes underneath the dressing and falls 
off when completely a new epithelium is gener-
ated. This dressing works very well for superfi -
cial wounds, split-thickness donor sites, and for 
people with toxic epidermal necrolysis syndrome 
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(or Stevens-Johnson Syndrome). One must mon-
itor the wound for the collection of pus beneath 
the dressing. If it does get infected, the pus 
trapped under the silicone has the potential for 
invading the wound. Some companies have 
attached cultured fi broblasts to Biobrane to 
release growth factors that may enhance wound 
closure. The added cells may accelerate healing 
by a day or so, but their costs are prohibited for 
most wounds—costing more than a thousand 
dollars for a small sheet. Other allogeneic skin 
substitutes have been developed, but they have 
the same issues as the cells combined with 
Biobrane. 

 Currently, there are several products that 
adhere to the wound and optimize healing of 
partial- thickness wounds. These products such 
as MepilexAG (Molnlycke Health Care, 
Norcross, GA), AquacellAG (ConvaTec, Inc., 
Bridgewater, NJ), and others have changed the 
practice of treating small, superfi cial wounds. In 
the past, many patients were admitted to burn 
centers to apply twice a day dressings. The 
wounds would need to be washed and dressed 
with an ointment and some other form of dress-
ing. The patients required inpatient treatment 
because of the pain and the time required to learn 
how to dress the wounds. Now most burn centers 
treat these wounds as outpatients. The wound is 
cleaned and then covered with a biologic dress-
ing that requires changing every 4–7 days. The 
patient can be sent home without a need for 
dressing changes until those outpatient visits. 
This change in philosophy has been popular for 
the medical staff as well as for the patients and 
their families. This change in philosophy has 
also  signifi c  antly reduced the numbers of 
admissions.    

    Summary 

 The basic principles of wound healing apply to 
all types of injuries and tissues. The wound must 
re-create the strength of the wound to match the 
dermis by creating a less than perfect scar. The 
same cells, fi broblasts, which create the scar, are 
involved in contracting a wound. The epithelium 

must be re-form to create the barrier to water loss 
and microbial infection. Most healing proceeds 
with little diffi culty, but certain abnormalities 
such as malnutrition, infection, diabetes mellitus, 
poor blood supply, and drugs that impair 
growth—steroids, chemotherapy agents, and 
radiation—impair the healing process. One must 
remember these inhibitors of tissue repair to opti-
mize healing. It is clear that recreating the bar-
rier, the epithelium, within 2 weeks or so is 
essential to minimize scarring. The factors that 
infl uence scarring will be covered in Chap.   20    . 
Topical agents are designed to optimize the re- 
epithelialization process and inhibit (but not 
stop) microbial growth. The strategies to cover 
the deeper and more extensive wounds will be 
covered in the next chapter.     
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          Introduction 

 Burns that take longer than 2–3 weeks to re- 
epithelialize will develop  hypertrophic scarring  . 
In addition, any burn that is of full-thickness will 
heal by scar formation and contraction. Therefore, 
to minimize scarring, surgery is the best option 
for most of these patients. The goal for any treat-
ment of burns is to optimize the functional and 
cosmetic outcomes of burns. The objective of this 
chapter is to provide surgical strategies for 
obtaining the best outcomes possible for burn 
wounds. It is important to remember that there 
are different options for different types of burns. 
The size of the burn may limit the operative 
options. In addition, it is important to understand 
that the severity of injury also dictates the choice 
of procedures that are possible for that patient. 
For instance, one should have an excellent out-
come in an isolated hand burn that is barely full- 
thickness. The same outcome would not be 
expected for a fourth-degree hand burn in a 
patient with 90 %  total body surface area (TBSA) 
burn  . The principles of operative management of 
burns will be covered in this chapter.  

    Deciding to Graft or Not 

 The basic tenet is that  grafting should reduce the 
ultimate scarring of the burn wound . Small full- 
thickness burns that are localized in areas without 
functional importance and with surrounding 
loose skin can contract without major problems. 
Burns on the lower abdomen or  buttocks   can con-
tract to leave small and hidden scars. One must 
also consider that small skin grafts in the middle 
of a large surface area may look worse than 
allowing the wound to contract. A common prob-
lem is the child with a chest and abdominal scald 
with all areas, but one small area healing in 2 
weeks. Should that remaining open area be 
grafted or allowed to heal with the potential for 
hypertrophic scarring? A small graft in the mid-
dle of the upper chest is quite unsightly, so allow-
ing it to heal and dealing with a small hypertrophic 
scar may be the better option. 

 The timing of skin grafting is another decision 
that must be made. If the burn is clearly superfi -
cial, then allowing it to heal is the best option. 
While many surgeons will debride superfi cial 
burns, I do not believe that superfi cial burns 
require any operative debridement to improve  re- 
epithelialization  . Usually, the wound may be 
washed and loose blisters wiped away and the 
dressing (preferably a biologic dressing) should 
be applied. If the burn is clearly full-thickness 
then there is no need to delay, so excision and 
grafting should proceed as soon as the operating 
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room schedule allows. The real diffi culty occurs 
in those burn wounds that are considered to be of 
“indeterminant” depth. The simplest solution is 
to wait 2 weeks and then graft if the wound has 
not healed. The problem with waiting is that one 
is often left with a wound that is half-healed—so 
do you allow it to re-epithelialize or just graft the 
open area? Unfortunately, I have observed sev-
eral nicely healed grafts surrounded by hypertro-
phic scarring (of the area that had just healed 
around 2 weeks). There are many devices that 
can determine local blood fl ow (laser Doppler 
devices, infra-red spectrometers, and other 
devices) that may help. It is not clear, however, 
whether the information they provide is better 
than that of an experienced clinician. The other 
problem with these instruments is that they are 
less helpful with larger surface area burns. If one 
tries to measure local  blood fl ow   over an entire 
arm, there may be areas that have good blood 
fl ow and other areas that have poor perfusion. 
Since the depth of the burn may not be uniform, 
it is diffi cult to make a decision of whether to 
graft part or the entire arm.  Whether to perform 
excision and grafting or not is one of the most 
diffi cult decisions in burn surgery.   

    Principles of Skin Grafting 

 There are several important principles about 
grafting that guide the surgeon. Like other forms 
of tissue repair, there are  three phases of skin 
graft healing . The fi rst phase of skin graft healing 
is the   Phase of Imbibition   . Immediately after the 
graft is placed, it survives by diffusion of nutri-
ents from the wound bed to the graft. Thus, the 
skin graft “imbibes” nutrients from the wound 
bed. Any barrier between the wound bed and 
graft leads to the graft’s death. Therefore, any 
hematoma, seroma, foreign body, inadequate 
excision (nonviable wound bed), and exposed 
ungraftable tissue (tendon, bone) will lead to 
graft loss. Since the epidermis must survive, even 
a graft that is too thick may lead to epidermolysis 
and ultimately graft loss. After 2–4 days, the sec-
ond phase, called the  Phase of    Vascularization   , is 
noted by the graft developing the red color of the 

invading blood supply. During this phase, capil-
laries invade the graft through the process of 
angiogenesis and a process called “inosculation”. 
During inosculation, exposed capillaries of the 
wound bed “hook up” with open capillaries of the 
graft. During this phase, it is important to prevent 
sheering of the graft or else the disrupted capil-
laries form hematomas that lead to graft loss. The 
fi nal phase, the  Phase of    Maturation   , starts as 
collagen molecules from the wound bed “attach” 
the graft to the body. This process, like all matur-
ing wounds, lasts up to 2 years until the graft is 
no longer red. It is typical that all grafts get 
thicker and redder for 3–4 months and then the 
vascularity gradually fades and the graft thins. 
During this phase, if the balance of collagen syn-
thesis and collagen breakdown is “tipped” 
towards excessive collagen production, a hyper-
trophic scar results. Studies suggest, however, 
that skin grafts tend to induce apoptosis of the 
infl ammatory cells and fi broblasts to reduce scar 
formation [ 1 – 3 ]. More information about scar 
management is described in Chap.   20     about man-
aging scars. 

 Another important principle is that  the thicker 
the skin graft, the less it tends to shrink  over time. 
Therefore, the goal for the best outcome is to get 
the thickest graft possible. The balance, however, 
is that the donor site is another wound that needs 
to heal with minimal scarring. There are two 
types of skin grafts that differ based on the 
donor—split-thickness and full-thickness skin 
grafts. Split-thickness skin grafts are harvested 
through the middle of the dermis and thus “split” 
the dermis of the donor site. Since the dermis and 
its skin appendages remain, the donor site must 
re-epithelialize to heal. One should consider the 
donor site healing as being similar to that of a 
 partial-thickness burn  . As described in the chap-
ter on wound healing (Chap.   8    ), the goal is to 
have the harvest site heal within 2–3 weeks to 
minimize the chances of donor site scarring. 
Thus, there is always a balance between harvest-
ing the thickest skin possible while minimizing 
the donor site morbidity when performing split- 
thickness skin grafts. Since there is often a large 
surface area of available donor site,  split- thickness 
skin grafts are used to cover larger defects. 

D.G. Greenhalgh

tpham94@uw.edu

http://dx.doi.org/10.1007/978-3-319-29161-1_20
http://dx.doi.org/10.1007/978-3-319-29161-1_8


119

 Full-thickness skin grafts, by defi nition, are 
harvested completely to the subcutaneous fat. 
These are the thickest possible grafts, but the sur-
face area that can be utilized is limited since there 
is always a full-thickness defect that remains. 
Typically, the donor site wounds are closed pri-
marily (with stitches), but it is possible to harvest 
larger full-thickness grafts and then apply  split- 
thickness grafts   over the full-thickness wound. 
Full-thickness grafts are usually used for small 
grafts on the hand or face. Any area with loose 
skin can be used for skin harvest since trying to 
close the donor site in tighter areas will lead to 
contractures. The inguinal region and the lower 
abdomen are good sites for harvest for all places 
except the face. For instance, the groin can be 
used to cover a large portion of the palm. One 
must be careful when harvesting skin from obese 
people since their dermis often becomes quite 
thick. Thicker dermis tends to interfere with 
absorption of the nutrients from the wound bed 
(phase of imbibition) and the epidermis may die. 
Any fat must be removed with scissors and I 
often remove dermis in the thicker grafts at the 
same time. I will also try to remove hair follicles 
that protrude into the fat to minimize the transfer 
of hair. Due to differences in color, skin should 
be harvested from behind the ears or at the lower 
neck for full-thickness skin grafts of the face.  

    Preparation for Skin Grafting 

 As for any surgery,  preparation   is important for 
patients undergoing skin grafts. While small 
grafts are not as diffi cult to prepare for, large 
grafts do require signifi cant preparation, which is 
greatly helped by having an experienced opera-
tive team. Once the decision for grafting is made, 
one must choose the patient position that allows 
for the best access to both the donor site and the 
graft. If the back is needed as a donor site, one 
can roll the patient on his/her side, prep the back, 
place drapes, and then prep the rest of the patient. 
When it is time for harvest, the patient can be 
rolled to obtain the skin. It is quite common for 
large amounts of the body to be exposed during 
the procedure. Since thermoregulation of the skin 

is destroyed with the burn, large areas of expo-
sure can cause the patient to lose a large amount 
of heat. It is routine to raise the temperature in the 
operating room to 85–90° Fahrenheit (29.4–32.2 
°C) for patients with large burns. Small children 
may need the operating room to be even warmer. 
Monitoring the patient is also a challenge since 
many of the typical sites for attaching devices are 
burned or required for donor site harvest. EKG 
pads may be stapled to parts of the trunk to 
improve adherence to the skin. Pulse oximeters 
may have to be attached to ears or other unusual 
sites (nose, tongue, others). Since bilateral 
extremities are often involved, blood pressure 
monitoring may be diffi cult without an arterial 
line (often placed in the femoral artery). 

 One of the most important perioperative con-
siderations is to be prepared for signifi cant blood 
loss. One may forget that burn excision exposes 
large surfaces to bleeding that can quickly over-
whelm anesthesiologists. In the current era of 
massive excisions, no large burn case should be 
performed without having typed and crossed 
blood available. Housinger, et al, published that a 
patient loses around 2 % of a blood volume per 
percent burn excision [ 4 ]. If one excises both 
arms, hands, and legs (around 54 % total body 
surface area [TBSA]), then one would expect to 
lose an entire blood volume during the excision. 
If no blood were available, then the patient would 
not survive the excision. As for any massive 
transfusion, fresh frozen plasma and platelets 
should also be available. The actual ratio of blood 
cells to specifi c clotting factors still needs to be 
worked out. There are many techniques that can 
reduce blood loss. For distal limb excisions, we 
always use tourniquets, but bleeding still occurs 
after the tourniquet is removed. Tourniquet exci-
sions require more skill to judge the depth of 
excision since the typical practice of excising to 
bleeding tissue is not possible. The use of epi-
nephrine in saline soaks is nearly universal as a 
hemostatic adjunct. In addition, injection of a 
solution containing epinephrine (tumescence) 
reduces bleeding from excision and donor sites. 
The solution for injection that we use contains 
2 mg (2 ml 1:1000) epinephrine per liter of lac-
tated Ringers solution. The most effi cient method 

9 Operative Management of Burns

tpham94@uw.edu



120

of delivery is to use roller pumps with 18-gauge 
spinal needles to inject large amounts of fl uid. 
While there are theoretic concerns about the dose 
of epinephrine, we do not have problems with 
large amounts of fl uid even in children. We also 
use topical thrombin spray, which may shorten 
the time until hemostasis. Fibrin sealants may 
also aid with hemostasis and assist with adhering 
the grafts to the wound bed. The use of tranexamic 
acid, an inhibitor of fi brinolysis, may also help. 

 The main instruments used for burn excisions 
are relatively basic in this age of robotic surgery. 
In essence, most excisions are performed with 
blades with some form of “guard” that limits the 
depth of excision. The Goulian knife is a blade 

that has variable guards that  have   numeric labels 
that are supposed to indicate the thousandth of an 
inch from the blade (Figs.  9.1  and  9.2 ). These 
guards are often bent and one must be careful to 
not rely on those numbers to determine the depth 
of the excision. The larger knives include Watson 
and Humby knifes (Fig.  9.3 ). We use the Watson 
knife for excising larger burned areas. There is a 
device, called the VersaJet (Smith & Nephew, 
Hull, United Kingdom), which uses a water jet to 
excise tissue, but I fi nd that it is too slow for exci-
sions of larger areas of burn. For full-thickness 
skin grafts, a simple scalpel blade is used. To har-
vest split-thickness skin grafts, most people use a 
powered dermatome. There are several manufac-

  Fig. 9.1      Goulian knife     (smaller) and    Watson knife   . The 
Goulian knife is essentially a small blade with a pre-set 
guard. The depth of the cut depends on many factors other 
than the guard thickness such as how pressure and traction 

is applied to the excised tissue. The Watson knife has a 
larger blade and an adjustable guard. It is used to excise 
large surface areas       

  Fig. 9.2    The Goulian 
knife being used to 
excise a fi nger burn. 
Applying traction to the 
eschar as it is being 
excised helps to regulate 
the depth of excision. 
The remaining fat is pale 
and glistening—a depth 
that will accept a skin 
graft       
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turers of dermatomes and which one is used is 
dependent on the preferences of the surgeon. We 
use the Padgett Dermatome (Integra LifeSciences 
Corp., Cincinnati, OH), which has both a four- 
and six-inch wide blade (Fig.  9.4 ). The 6-in. der-
matome is a little more diffi cult to use, but allows 
for very large pieces of skin that can minimize 
the seams between grafts.

          Anesthesia 

 It is not possible to cover all of the essential com-
ponents of anesthesia in this chapter, but instead, 
the key principles will be covered. Excellent 
reviews on anesthesia for burn patients are avail-
able for more in-depth guidance [ 5 – 8 ]. The fi rst 

  Fig. 9.3    The Watson 
knife is being used to 
excise a large area of 
eschar from the arm. 
The traction helps with 
the excision       

  Fig. 9.4    The Padgett 4 and 6 in. dermatomes. The 6 in. dermatome is more diffi cult to use, but can produce wide pieces 
of skin that can reduce seams in the graft       
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issue is dealing with the diffi cult airway. There 
may be edema that obscures the airway during 
the resuscitation period.    Scarring may limit the 
ability for neck extension or mouth opening. 
These issues are covered in detail in Chap.   3    . The 
second issue is securing the airway, which is 
often diffi cult but is also covered in Chap.   3    . It is 
often common to have disagreements about the 
timing of feedings prior to surgery. Stopping 
feedings at midnight the day before surgery in a 
large burn patient who requires frequent surgical 
procedures leads to a signifi cant defi cit in nutri-
tion. Many burn centers place post-pyloric feed-
ing tubes that allow for feedings up to, and in 
some centers, throughout surgery. Monitoring 
the patient is another challenge that is covered 
above. We will place monitors, including EKG 
leads and pulse oximeters on any available site. 
Arterial lines are also very helpful for major burn 
excisions. Monitoring the temperature is also 
essential as the patient may become quite cold 
over time. The burn operating room is renowned 
for being very warm. As stated above, adequate 
blood products must be available prior to major 
excisions. 

 There are many pharmacologic considerations 
for the anesthesiologist. The pharmacokinetics 
and pharmacodynamics of burn patients are sig-
nifi cantly changed. During the fi rst 48 h, the so- 
called “ebb” phase of the initial burn resuscitation, 
the cardiac output is decreased. Therefore, there 
is decreased hepatic and renal blood fl ow, which 
may decrease elimination of some drugs. After 
48 h, there is a marked hyperdynamic phase that 
results in the most severe hypermetabolic 
response of any injury or disease. The cardiac 
output is increased in association with a marked 
decrease in systemic vascular resistance. The 
calorie requirements approach twice normal 
compared to normal people. There is an increase 
in renal and hepatic blood fl ow that often 
increases the clearance of drugs. Increased 
hepatic clearance, exemplifi ed by drugs such as 
propofol and fentanyl, reduces their duration of 
action. Another important factor is that two  major 
  drug-binding proteins, albumin and alpha 2 -acid 
glycoprotein (AAG), are changed in opposite 
ways. Albumin levels typically drop to very low 

levels, and despite replacements, typically remain 
almost half normal. Albumin binds mainly acidic 
and neutral drugs, such as benzodiazepines, and 
since albumin levels are lower, there is decreased 
binding, increased free drug, and increased 
 volume of distribution. AAG, being an acute 
phase reactant, is increased after a burn. AAG 
binds to cationic drugs, such as lidocaine, pro-
pranolol, muscle relaxants, and some opioids. 
Increased AAG leads to decreased free drug 
availability. 

 Choosing which paralytic agents to use in 
burn patients is very important. The initial mus-
cle contractions caused by the depolarizing agent 
succinylcholine may lead to excessive potassium 
release which may lead to a hyperkalemia and 
cardiac arrest. It is stated that this effect does not 
occur for 48 h, so it is recommended to avoid 
succinylcholine after 2 days post-burn. On the 
other hand, there is a decreased sensitivity to 
nondepolarizing paralytic drugs [ 9 ]. Therefore, 
the dose of a nondepolarizing paralytic agent 
needs to be increased, and at the same time, there 
is a delay in its onset of activity. Burn patients 
have signifi cant amounts of pain, so they are 
given more narcotics and other sedatives than 
most patients. They often develop tolerance so 
that during induction and upon emergence much 
higher doses are required than usual. Ketamine 
is a useful drug that is used both for anesthesia 
and moderate sedation. This drug increases 
secretions, but is safer for maintaining the air-
way. We have used both intravenous and intra-
muscular ketamine for years with minimal 
complications [ 10 ]. Like narcotics, ketamine tol-
erance is increased with time and higher doses 
are required with time. In addition, low-dose ket-
amine, by binding to   N -Methyl- D -aspartate 
(NMDA) receptors  , acts synergistically with 
narcotics to improve pain while lowering the lat-
ter drug’s dose requirements. 

 It is very helpful to have free communication 
between the surgeon and anesthesiologists 
throughout the case. The amount of blood loss 
can be excessive over a short period of time, so 
the surgeon should let the anesthesiologist know 
when rapid blood loss is about to occur. Along 
the same vein, the anesthesiologist should feel 
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free to tell the surgeon to slow down or stop when 
hypotension is threatening the patient. Another 
period of patient stress occurs when tourniquets 
are released since the patient often is exposed to 
the “reperfused” blood from the extremity. The 
released blood also contains increased acid and 
other cell byproducts that produce a mild to mod-
erate “ischemia-reperfusion” response, which 
also can lower blood pressure. Clearly, free and 
ample communication between the two teams 
leads to better outcomes.  

    Burn  Excision   

 The most important principle of burn excision is 
to excise deep enough to expose a viable wound 
bed that will allow the skin graft to “imbibe” 
nutrients from the wound bed and thus survive 
until a vascular supply is created. In other words, 
the wound bed must have viable tissue that is not 
infected. The excision can be taken down to 
bleeding dermis, fat, fascia, or muscle. Grafts 
will not take on bone, tendon, or foreign bodies 
(hardware). Tangential excision is the most com-
mon method performed. Goulian or Watson 
knives are typically used to remove layers of 
burn, traditionally until bleeding is observed. 
Other instruments, such as the VersiJet™, scis-
sors, or free blades, are also utilized. As described 
above, bleeding can be quite extensive with an 
open wound. The bleeding can obscure the view 
of the wound bed, so sweeping the knife, blade 
down and backwards will clear the site for better 
visualization. Injection of epinephrine- containing 
solutions (2 mg epinephrine/l lactated Ringer’s) 
will greatly reduce the bleeding. For extremities, 
tourniquets eliminate bleeding but one can no 
longer rely on bleeding for adequacy of excision. 
The dermis must have a glistening appearance 
and fat must have a “normal” yellow color 
(Fig.  9.2 ). One misconception is that one cannot 
graft on a bed of fat, but we have excellent suc-
cess with grafting on fat. Some feel that the bed 
must be “conditioned” with  allograft   skin prior to 
obtaining take, but that is also not necessary. If 
one is planning to place sheet grafts (skin with no 
meshing), then all of the dermis, with all of its 

adnexa, must be removed from the recipient site. 
Otherwise, any remnant hair follicles or other 
glands will continue to produce their product or 
slough cells and an inclusion cyst will result. 
Large numbers of remnant glands will lead to 
multiple skin bridges and cysts that have been 
called “sponge skin” [ 11 ]. 

 Fascial excision is a technique where all of the 
tissue is excised as a unit down to the fascia. This 
method may reduce bleeding since the cautery 
can be used to remove the burn and fat, and there 
are only perforating vessels that must be con-
trolled. The technique  does   permanently remove 
all fat, so the fat never develops below the skin 
graft. Thus, the skin is stuck to the fascia/muscle 
and has no mobility. In addition, the extremities 
lose their normal contours and have a “spindly” 
appearance. At the borders of the excision, where 
fascial excision is next to fat-containing tissue, is 
a sharp step-off that is quite noticeable. In addi-
tion, when fascial excisions are performed cir-
cumferentially on legs, the graft tends to contract 
and limit venous and lymphatic return, so there is 
an increased incidence of distal edema. Cellulitis, 
which is associated with decreased lymphatic 
and venous return, may also occur and be diffi -
cult to treat. Some of my colleagues feel that fas-
cial excisions are the best options for the elderly 
or obese patient because of the belief that grafts 
do not take as well on fat, especially in the 
elderly. Except when the depth of the burn is 
down to fascia, I never perform fascial excisions 
because of the cosmetic and functional issue. Our 
results in the elderly and obese patients are fi ne 
with grafting on fat.  

    Full-Thickness Skin Grafts 

 Since thicker grafts shrink the least of any graft, 
full-thickness grafts are preferred for small and 
functionally important areas such as the face or 
hand. They are obviously limited by the fact that 
donor site must be closed primarily or covered 
with a split-thickness skin graft (which is rarely 
performed). Most of the time, the site of harvest 
is chosen for its ease of closure combined with 
the ability to hide the  incisional scar  . The color of 
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the skin is another important consideration since 
skin harvested from below the clavicle is usually 
a different color than that of the face or neck. 
Therefore, full-thickness grafts for the face 
should be harvested above the clavicle. 

 My preferred donor site for full-thickness 
grafts below the clavicle is from the  inguinal 
region  . An ellipse of skin can be harvested that 
covers an entire palm with little diffi culty closing 
the incision. Local anesthetic containing epi-
nephrine is injected into the area and a full- 
thickness piece of skin is harvested down to fat. 
The harvest can be performed right on the dermis 
or a little fat can be left on the skin for later 
removal. The donor site is closed with buried dis-
solvable stitches. The ultimate scar is rarely 
noticed since it is at the crease of the leg. An 
alternative is the lower abdomen where skin can 
be harvested as for an abdominoplasty. One must 
be careful when using lower abdominal skin from 
obese patients since the dermis is often quite 
thick due to the weight of pannus. Any other site 
can be used, including the upper, inner arm, glu-
teal crease, or others. For the face, skin can be 
harvested from the supraclavicular region or 
from behind the ear. When using the posterior 
auricular region, skin is harvested in equal 
amounts from the head and posterior ear; then the 
skin edges are sewn to each other (removing 
space from behind the ear). 

 Once the full-thickness skin is harvested, it 
must be prepared for grafting by cutting away 
any fat from the dermis. One may grasp both 
ends of the ellipse with  hemostats   and then use 
scissors to trim the fat. One must also look for 
hair follicles, which for inguinal or abdominal 
skin project beneath the dermis. The hair follicle 
bulbs should be trimmed to minimize the transfer 
of hair. If the dermis is thicker than desired, it 
should be thinned with scissors until the desired 
thickness is obtained. The excessively thick der-
mis of heavyset people acts as a barrier to diffu-
sion of nutrients that may lead to epidermolysis. 
If the epidermis is lost, then the graft will ulti-
mate fail unless regrafted with a thinner (split- 
thickness) graft. 

 A benefi t of full-thickness skin grafts is that 
they have minimal discomfort when compared to 

split-thickness grafts. Closing the donor site 
eliminates the exposed wounds of split-thickness 
grafts. The improved comfort makes it quite easy 
to perform full-thickness grafts as outpatient pro-
cedures.  Full-thickness skin grafts   also have the 
benefi t of contracting less than thinner grafts, so 
they are very useful for small hand or face 
defects.  

    Split-Thickness Skin Grafts 

 Split-thickness skin grafts are required to cover 
any sizeable surface area of the body. The term 
“split-thickness” is derived from the fact that the 
dermis is “split” so that a portion of dermis that 
carries the epidermis is transferred while the 
remaining dermis heals by  re-epithelialization  . 
The surgeon can vary the thickness of the donor 
skin. The same principle of minimizing scarring 
applies—that thicker skin contracts less than 
thinner skin, but one must consider the healing of 
the donor site. As stated in the chapter on wound 
healing (Chap.   8    ), if the donor site takes longer 
than 2–3 weeks to re-epithelialize, then there is a 
likelihood that the donor site will develop hyper-
trophic scarring. If one takes a thick split- 
thickness skin graft, then it is at the expense of a 
higher risk for delayed donor site healing and 
hypertrophic scarring. The surgeon must balance 
the risks of donor site scarring with optimizing 
the functional and cosmetic outcomes of the 
graft. There are  strategies   for optimizing both 
outcomes. When possible, the donor site should 
be chosen in an area that tends to be hidden. 
Classically, harvesting skin from the lateral thigh 
from the hip to the knee has been the donor site of 
choice. If that area develops hypertrophic scar-
ring, then the lower, lateral thigh will be exposed 
when wearing shorts. If, on the other hand, the 
skin is harvested from the upper lateral thigh and 
then coursing anteriorly and medially in a cir-
cumferential fashion, then that donor site is eas-
ily covered with shorts (Fig.  9.5 ). The back is a 
particularly forgiving site for harvest, with scar-
ring being less common than the thigh (Fig.  9.6 ) 
[ 12 ]. The back is easier to approach in a child 
than an overweight adult, however. The lower 
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back is preferred since that area may also be cov-
ered with shorts. The upper back should be 
avoided, especially in young women who might 
want to wear clothing exposing the upper back. 
For patients with massive (>80 % TBSA) burns, 
any available skin is fair game. I have harvested 
from all areas (including the genitalia and hands) 
except for the face.

    There are several  “principles and tricks”   
(Table  9.1 ) that can be used to optimize  harvesting 
split-thickness skin grafts. While hand-held 
instruments, such as Goulian and Watson knives, 
can be used to harvest skin, they are less reliable 
and rarely used at least in developed countries. 
There are several powered dermatomes that are 
available and it probably does not really matter 
which one is used, but it is best to become famil-
iar with one and use it consistently. For a small 
and less important harvest, preparation of the 
donor site is not necessary. The lateral thigh 
works well, but the donor site will have consider-

able oozing of blood. For important grafts, or if 
one needs to harvest large areas of split-thickness 
skin grafts, preparation of the harvest site is 
important. Injection of an epinephrine-containing 
solution (“Pitken” solution containing 2 mg epi-
nephrine per liter lactated Ringer’s solution) has 
two advantages; it minimizes donor site bleeding 
and provides a uniform, fi rm surface for a reli-
ably consistent skin graft. If one needs to harvest 
from a surface that has bony prominences (back), 
has a soft consistency (abdomen), or is not fl at 
enough for a wide harvest (scalp), injection of a 
“Pitken” solution is very helpful. One can inject 
epinephrine-containing solutions by hand-held 
syringes, but it requires time and patience. People 
have also used pressure devices placed around 
intravenous bags, but we prefer to use a  roller- 
pump   to push the fl uid into the subcutaneous 
space. We have injected many liters into large 
surface areas to allow for extensive harvests.

   One must then set the thickness of the derma-
tome to harvest the desired thickness of skin. The 

  Fig. 9.5    This circumferential thigh donor site is easily 
covered with shorts       

  Fig. 9.6    The ultimate result of a back donor site is quite 
acceptable. Back  donor sites   tend to do well because the 
skin is thicker than other parts of the body       
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typical thickness used for most grafts is between 
10 and 12 thousands of an inch. Thicker grafts 
are used for more functional areas such as the 
hands or face (15–18/1000 in.). Many  surgical 
residents   have been taught to check the thickness 
of the dermatome by placing a scalpel blade 
between the dermatome blade and its surface. 
This is a practice that should be avoided because 
it is inaccurate and may dull the dermatome 
blade. It turns out that the numbers on the derma-
tome may determine the gap between blade and 
dermatome surface, but they do not determine the 
thickness of the harvested skin. Another “princi-
ple” is that the donor skin is thicker when har-
vested from a fi rm surface. Thus, when harvesting 
skin from a lower leg or scalp, the dermatome 
should be set on the thinner side (8–10/1000 in.) 
to obtain skin at 12/1000 in.. When harvesting 
from a soft surface, especially the abdomen, the 
dermatome may have to be set at 20–25/1000 in. 
to obtain a piece of skin that is 12/1000 in. thick. 

Another “trick” is that one should check the 
thickness of the skin as it exits the dermatome to 
check for its thickness. I usually examine the der-
mal side to obtain the best feedback. A skilled 
burn surgeon uses the “trick” to adjust the derma-
tome thickness as the skin is being harvested to 
maintain the desired thickness for the entire graft. 
For instance, when harvesting a circumferential 
upper thigh donor site, the dermatome may be set 
at 12/1000 in. to start, but as the softer medial 
thigh is approached, the dermatome thickness 
usually needs to be increased to 18–20/1000 in. 

 The angle of dermatome as it harvests skin is 
important for obtaining consistent skin. Usually, 
the  dermatome   is maintained at a 45 o  angle as it 
contacts the skin. The same angle must be main-
tained as one harvests the skin. When obtaining 
skin from a circular surface, such as the upper 
thigh or scalp, one must remember to maintain 
that 45 o  angle throughout the harvest. I tend to 
think of maintaining a constant tangent of a circle 
as I move around the circular surface (Fig.  9.7 ). 
Another “trick” for harvesting multiple pieces of 
skin is that the fi rst piece tends to be the thickest, 
while subsequent harvests tend to be thinner. If 
the harvest skips or becomes inconsistent, then 
the blade is becoming dull and a new blade will 
help with a more consistent subsequent harvest.

   The next decision is whether to mesh the skin 
or leave it as an intact sheet of skin. There are 
several  types   of skin meshers that will expand the 
skin from a size of 1:1 to 6:1. It is important to 
remember that the size of the harvested skin ends 
up being smaller than the original donor site since 
it shrinks in size. If one places a large volume of 
subcutaneous “Pitken” solution, the donor skin is 
stretched due to the tension. Therefore, if the skin 
is stretched, then the donor site shrinks even more. 
As a “principle,” donor skin should always be har-
vested 20 % larger than one expects to need for 
covering the excised area. One must be cautious 
when harvesting skin that exactly matches a tem-
plate of the recipient site. This principle also 
explains the naming of a 1:1 mesher; its expan-
sion returns the skin to roughly the original size of 
the harvest. The number of the expansion indi-
cates a rough degree of expansion so that a 4:1 
meshed autograft is four times it original size. The 

   Table 9.1    Tricks to improve split-thickness skin graft 
 harvest     

  Choosing a harvest site  

 Choose a site that optimizes the thickness of the donor 
while minimizes scarring (such as the back) 

 Choose a site that is hidden if it scars (lower back, 
circumferential upper thigh) 

 Avoid cosmetically important areas (upper chest or back, 
face, hands) 

 Avoid areas that are prone to scarring (lower legs) 

 Match donor color to recipient color (skin above clavicle 
for face) 

 Always harvest 20 % more than anticipated (donors shrink) 

 Prep and drape more donor site areas than expected 
(more than expected may be needed) 

  Harvest “tricks”  

 Inject the donor site with epinephrine-containing 
solution to create a uniformly fi rm surface 

 Harvesting from fi rmer surfaces (scalp, lower legs) 
produces thicker skin (dermatome can be set thinner) 

 Harvesting from softer surfaces (abdomen, buttocks) 
produces thinner skin (dermatome should be set thicker) 

 Check donor skin thickness as you harvest by looking at 
the dermal side 

 Adjust dermatome thickness as you harvest to obtain the 
appropriate thickness (especially when traveling from 
fi rm to soft surface such as outer thigh to inner thigh) 

 The fi rst harvest is always thicker 

 If the harvest becomes too thin or tears, obtain new blade 
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largest expansion that I use is 4:1 mesh since the 
6:1 expansion tends to be diffi cult to handle. 
There is another strategy, called the  “Meeks” 
technique  , which allows for even greater expan-
sion. This technique is a  modifi cation of the 
“postage stamp” grafting technique where tiny 
stamp-sized pieces of skin are distributed through-
out the recipient site. For the “Meeks” technique, 
a piece of skin is placed shiny side up on a stretchy 
cloth and then blades are run perpendicular to 
each other to create small squares of skin. The 
cloth is then stretched to spread the squares over a 
large area and inverted to place the skin on the 
bed. Impressive expansion of skin is accom-
plished with this technique. 

  Meshed grafts   are the easier method for cover-
ing a wound. They also have the advantage of 
making it easier to prevent blood and serum from 
collecting beneath the graft and interfere with 
take (especially for wider meshed skin). Another 
advantage is that meshing will reduce the amount 

of donor site that is available. Meshed skin is not 
without its problems. The main issue is that the 
meshed pattern will last for life. Healing of a 
meshed graft involves graft adherence, but for 
the interstices, scar formation, re- epithelialization, 
and contraction also occur to leave the pattern for 
life. If the interstices take longer than 2–3 weeks 
to re-epithelialize, the scarring can be signifi cant 
(Fig.  9.8 ). Because of these problems, I prefer to 
utilize sheet split-thickness skin grafts when 
practical. Sheet grafts require more work since 
hemostasis must be meticulous and more donor 
sites are required. One must also pay more atten-
tion to the seams between sheet grafts since, like 
any incision, a straight line tends to create more 
tension and thus more hypertrophic scarring. One 
can create seams that are in a zigzag pattern to 
minimize these issues [ 13 ]. For larger sheet 
grafts, the goal is to obtain the widest and most 
consistent skin available. The 6-in. wide derma-
tome (Padgett, Integra LifeSciences, Inc., 

  Fig. 9.7    ( a – d ) When harvesting skin around a circumferential donor site, the 45° angle on the skin must be maintained 
throughout the harvest       
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Cincinnati, OH), while more diffi cult to use, 
leads to the ability to cover all or most of a dorsal 
hand. The postoperative care is a little more 
involved with sheet grafts. We always check the 
grafts on postoperative day 1 to check for hema-
tomas or seromas. If fl uid is found beneath the 
graft, the skin may be nicked with a blade to 
remove any hematoma or seroma. On occasion, 
large hematomas develop, but at day one the graft 
can be partially removed, the blood evacuated, 
and the graft replaced with satisfactory results. 
The extra effort for placing  sheet grafts   is worth-
while since the ultimate graft is much better cos-
metically and functionally (Fig.  9.9 ).

    Postoperatively, the grafts are usually covered 
with fi ne mesh gauze soaked in a topical solution. 

For mesh grafts, a moist environment is desired 
to improve on the rate of re-epithelialization. 
Sheet grafts can be covered with same dressing 
or they can be left open to air with good results. 
Areas such as the chest are often left open so that 
hematomas can be removed. Some surgeons 
advocate the use of negative pressure devices to 
improve graft take, but I have not found that tech-
nique necessary.  

    Management of Hand Burns 

 Hand burns are very common since they are often 
exposed to the heat source or they are involved in 
the inciting event or are used to stop the burning 
process. For instance, a very common injury 
occurs when someone tries to carry out a frying 
pan of burning grease. As the pan is carried, the 
air movement pushes the fl ames over the thumb, 
index fi nger, and dorsal hand. The hands are also 
used to protect the face when escaping a room 
engulfed in fl ames.  Toddlers   explore their envi-
ronment with their hands and, unlike adults, they 
freeze when they contact a hot surface—leading 
to deep palmar burns. Because hands are exposed 
to the public and are essential for normal activi-
ties, one must ensure that hand burns have the 
best outcome possible. As for any burn, if they 
heal within 2 weeks then they do well. If healing 
takes longer than 2 weeks, then  hypertrophic 
scarring   can interfere with normal range of 
motion. Therefore, one should have a low thresh-
old to graft a deep burn of the hand. Some people 
advocate that the hand should be covered with a 
dermal substitute in order to have an improved 
outcome, but I have had excellent results with 
immediate sheet autografts. 

 Full-thickness   palmar burns    that are typi-
cally observed in toddlers are usually treated as 
outpatient procedures. Tourniquets are used to 
make visualization of the burn easier. The burn 
is excised to fat with a Goulian knife and a full- 
thickness skin is harvested from the inguinal 
region. The full-thickness graft is then sutured in 
place with a chromic suture, left long to use a 
tie- over bolster. A nonsticky dressing is applied 
over the graft and covered with cotton soaked in 

  Fig. 9.9    This child has one 6 in. wide  sheet graft   that cov-
ers her entire upper chest and right arm. The cosmetic out-
come is excellent       

  Fig. 9.8    This is the typical meshed pattern of an arm 
grafted with 2:1 mesh. While the graft is supple and 
mobile, the meshed pattern will persist for life. The thumb 
has a sheet graft for comparison       
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saline and tied into place. The rest of the hand is 
wrapped in cotton, and ultimately, CoBan™ Self-
Adherent Dressing (3M, St. Paul, MN) is used 
to cover the entire package. So far, I have never 
had a patient get out of this self-adherent dress-
ing. The dressing is left untouched for a week and 
then the dressing is removed and hand therapy is 
started. There are two problems with this tech-
nique—increased pigmentation and transfer of 
hair. Since the palm lacks pigment, grafts tend to 
be darker than the rest of the hand. The alterna-
tive is to harvest skin from the plantar aspect of 
the foot, but this skin is very rigid and due to the 
thickness of the epithelium is diffi cult to handle. 
The other problem is that some hair may be trans-
ferred, but it can be removed with laser treatment. 
Other than these two problems, the results are 
excellent (Fig.  9.10 ) [ 14 – 16 ]. If the entire palmar 
surface needs covering, then a thick split-thick-
ness skin graft can be used (Fig.  9.11 ).

      Dorsal     hand burns  are also quite common. 
The results from hand grafts can be excellent. 
Tourniquets make the excision much easier than 
if bleeding is allowed. Excising the dorsal fi n-
gers requires skill to ensure that deeper struc-
tures remain uninjured. Traction can be 
maintained by grasping the pads of the fi ngers 
with penetrating towel clips. After excising the 
burn, the towel clips are used to suspend the 
hand from a hand holder that makes placement 
much easier. Since sheet grafts should be used, 
the burn is then excised down to fat to prevent 
any inclusion cysts. Meshed hand grafts should 

only be used when donor sites are limited in 
massive burns. Even burns in patients with 
60–70 % TBSA sheet grafts are preferred and 
the rest of the arm can be covered with a mesh 
graft. The goal for the graft is to minimize any 
seams, so the 6-in. dermatome provides enough 
width to cover all or most of the hand. Thicker 
skin should be used to reduce contractures, so I 
use 15–16/1000th in. skin. If the surgeon needs 
to cover the entire arm and hand, then the thick-
est skin should be used on the hand and the thin-
ner skin is used on the more proximal arm. 

 A good strategy is to apply the sheet skin to 
the fi fth fi nger and then spread it over the other 
fi ngers. The skin is then cut between the fi n-
gers as one proceeds toward the index fi nger. 
To cover the thumb, the skin can be curved up 
towards the thumb and attached. Another strat-
egy is to harvest skin in the shape of an “L” to fi t 
the shape of the skin. The graft may be sutured, 
but it is much more expeditious to staple the 
graft in place. The hand is then wrapped in a fi st 
position to stretch the graft over  the    dorsal fi n-
gers. We usually check the graft on postoperative 
day 1 to check for any hematoma and the staples 
are removed on postoperative day 5. Range of 
motion is started on this day. The outcomes are 
quite good (Fig.  9.12 ).

   Burns that involve  both the dorsal and volar 
side of the hand  are more challenging. The exci-
sion is carried out in the same manner as before. 
The challenge is covering the circumferential 

  Fig. 9.10    This palm burn was covered with a full- 
thickness skin graft. The mobility is excellent but there is 
obvious hyperpigmentation       

  Fig. 9.11    When grafting the entire  palmar surface   of 
hand, there is not enough skin available to graft the area 
without a seam, so a thick split-thickness graft using the 
6-in. dermatome was used to create a single graft       
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 fi nger burns. Usually, two sheets of skin are 
used—one for the dorsal side and one for the pal-
mar side. The best strategy is to wrap each fi nger 
circumferentially so that the seams are between 
the fi fth and ring fi ngers; and between the middle 
and index fi ngers. The seam of the thumb should 
be on the ulnar side. The graft should be positioned 
in neutral and the aftercare is the same as before. 

   Deeper (fourth-degree) burns    to the hand are 
not uncommon, especially in young children. 
The saving grace for the very young child is that 
their fi ngers have fat that offers some protection. 
We rarely amputate any digits during the fi rst 
excision, but will cover the area with autograft or 
allograft. When the depth is not clear, autograft-
ing may cover more than anticipated (especially 
when there is plenty of donor site availability). 
The principle for amputations is to preserve as 
much length as possible. The most common 
defect is exposure of the dorsal proximal inter-
phalangeal (PIP) joint. When this is the only 
exposed area of a hand graft, simple immobiliza-
tion is possible by using Kirschner wires to 
immobilize the joint. The defect will usually fi ll 
in on its own. More extensive exposure requires 
fl ap coverage, which will not be covered here.  

    Management of Face Burns 

 Optimal healing of face burns is extremely 
important since, for obvious reasons, the face is 
what is presented to the public. Even mild scar-

ring is diffi cult to hide, so the burn surgeon must 
optimize healing and minimize scarring. 
Fortunately, the face is more resistant to severe 
burns. There are several reasons; fi rst the face 
tends to be protected with hands or in other 
ways when exposed to heat. In addition, it is 
very vascular and its vascularity diffuses heat to 
decrease the depth of injury. Therefore, in facial 
burns of indeterminate depth, it is worth waiting 
to determine whether healing occurs within 2 
weeks. If the burn is obviously deep or if it has 
not healed within 2 weeks, then grafting is usu-
ally needed. 

 There are several important principles that 
need to be remembered when excising and graft-
ing a face. First, one must be prepared for a sig-
nifi cant amount of  blood loss   since the face has 
been documented to lose approximately 4.5 % of 
a blood volume per percent excision [ 4 ]. If one 
excises an adult face covering 5 % TBSA, then 
one would expect to lose just below a quarter of a 
blood volume. In a young child, with the head 
and face covering a larger relative surface area, a 
10 % excision would lead to nearly the loss of 
nearly half of a blood volume. Second, the  skin 
color   of the face is different than any skin har-
vested below the clavicle. If one places a small 
graft from the thigh on a face, the ultimate color 
will be noticeably yellower than the rest of the 
face. Even a perfect graft would still be very 
noticeable (Fig.  9.12 ). One must also consider 
where to place any seams between skin grafts. 
The face is divided into “esthetic units” that 

  Fig. 9.12    ( a – b ) This is an example of a 6-in. wide sheet 
graft that covered the entire dorsal hand ( a ). The seam on 
the volar side has a zigzag pattern to minimize contrac-

tion. The palm was covered with a full-thickness graft. 
This picture was taken several years after grafting       
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should not be violated with seams. No seam 
should be placed in the middle of the forehead, 
cheeks, or chin. Any line placed within the unit is 
easily noticed, but lines placed between esthetic 
units tend to be less noticed by the human eye. 
Plastic surgeons always place incisions between 
esthetic units to “hide” them. Similarly, one 
should always strive to place skin graft seams 
between these units—at the level of the eyes, 
edge of the nose, or bottom of the chin. As 
described below, if one can minimize the number 
of seams (down to one), then the cosmetic out-
come is even better (Fig.  9.13 ).

   Since  excision and grafting   of the face is 
more complex than grafting of any other site, it 
is best to limit the procedure to just the face. 
Positioning the patient in slight reverse tren-
delenberg lowers venous pressure and may 
reduce bleeding. Injection of solution containing 

epinephrine (2 mg/l lactated Ringer’s) also will 
reduce bleeding. I tend to start around the eyes 
and then work towards the periphery. Grasping 
the eyelid for traction allows for better eyelid 
excision using the Goulian knife. The medial 
canthus region is a little more challenging to 
excise and may require a 15-blade scalpel or 
scissors. Some prefer to use the VersiJet for 
these areas. I fi nd that applying traction to the 
eschar with the fi rst cut will allow for a uniform 
depth excision that can course from the eyelid, 
across the medial canthus, and down the lateral 
nose. The next excision is then carried out using 
a powered dermatome or  Watson knife   around 
the forehead and cheeks. The excision is very 
bloody, so the anesthesiologists should have 
blood available or transfusing during the exci-
sion. It is also better to complete the excision 
rapidly before spending a great deal of time with 
hemostasis since repeated limited excision and 
cauterization leads to more bleeding than one 
faster, larger excision followed with more con-
centrated hemostasis. Once the excision is com-
plete, total hemostasis is required to prevent any 
hematomas under the graft. Since the face should 
always be covered with a sheet of skin or skin 
substitute, any residual bleeding will lead to 
hematoma formation, so spending a signifi cant 
amount of time with hemostasis is essential. 

 Once  hemostasis   is complete, the surgeon has 
different options for coverage. Many surgeons 
prefer to use  allograft   for temporary coverage as 
any hematoma will not lead to permanent defects 
in the skin. Skin substitutes (covered later) are 
also commonly used. Even with temporary cov-
erage, adherence to placing seams at esthetic 
units is wise. Placing autograft at the fi rst proce-
dure is an excellent option that will shorten the 
length of stay. There is a slightly greater chance 
of hematoma formation, but our experience has 
shown no difference in outcomes when com-
pared to a two-stage procedure [ 17 ]. If there is an 
isolated area of the face that is being grafted, it is 
best to harvest skin from the scalp since the color 
matches the face. Harvesting the scalp is more of 
a challenge due to the curve of the skull. The hair 
needs to be shaved with a razor and the scalp 
must be injected with epinephrine-containing 

  Fig. 9.13    This child did not have viable scalp donor site 
to cover his lower face burn. A sheet graft was harvested 
from his back. Despite a graft with minimal scarring there 
is an obvious color change just above the eye level       
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solution. It is best to only partially fi ll the scalp 
with fl uid so that it remains soft and pliable. If it 
is fi lled with fl uid until taught, then the curve 
makes harvesting a wide piece of skin diffi cult. If 
it is soft, one can take a fl at piece of metal (such 
as a dermatome guard) and fl atten the scalp. The 
skin is then harvested in a circumferential fash-
ion with the angle of the blade being maintained 
at around 45°. The dermatome is usually set 
around 12/1000th inch since the fi rm scalp leads 
to thicker harvest than on a softer area. The  har-
vested scalp skin   contains small hairs that may be 
gently scraped away from the dermis on a fl at 
surface with the back of a “pickup” or scalpel 
handle. The scraping must be performed on the 
dermal side since the epidermis will be injured 
otherwise. The graft is then stapled or sutured in 
place and left open to reveal any hematomas. 
Postoperatively, hematomas may be drained with 
rolling (initially) or nicking the skin and draining 
any fl uid. 

 We have developed a technique that mini-
mizes the seams of the  face graft  . By harvesting 
skin in a “U” or circular fashion, one can obtain 
skin that will wrap around the face. The 6-in. der-
matome is especially helpful for these grafts. The 
entire face is covered with only one seam that is 
placed at the junction of an esthetic unit. The 
graft is usually stapled in place except for around 
the eyelids, which are sutured with a dissolvable 
suture. The outcomes of these grafts have been 
very satisfactory (Fig.  9.14 ).

        Strategies for Massive Burns 

 Excision and grafting of massive burns (>60 % 
TBSA) requires experience and planning. 
Decades ago, burn patients were treated conser-
vatively with topical agents until the eschar spon-
taneously separated and granulation tissue 
formed. The process of spontaneous eschar sepa-
ration involves bacterial invasion with the viable 
tissue developing granulation tissue as a barrier. 
The enzymes of the bacteria then break the bonds 
and the nonviable tissue falls away. During this 
protracted, often many weeks long course,    the 
exposure to bacteria and the nonviable tissue 
leads to a persistent infl ammatory response. In 
addition, granulation tissue tends to increase scar 
formation. Recent philosophy dictates that early 
removal of nonviable tissue and coverage of the 
open wound should, at least theoretically, reduce 
the infl ammatory response and even mitigate the 
hypermetabolic response. In the past, it was also 
taught that patients could only tolerate smaller 
excisional procedures, limiting burn excisions to 
20 % or less. That philosophy has now been dis-
proven by many centers. With an experienced 
anesthesia and surgical team, massive excisions 
can be performed within a day of admission. 

 Our routine is to take the patient the day after 
admission for tracheostomy and excision of all of 
the extremities and anterior trunk. We have a 
team of 4–5 surgeons that makes the procedure 

  Fig. 9.14    ( a – b ) Here are two views of a recently placed 
graft on a face. Two pieces of skin were harvested in a  “U” 
pattern   from the abdomen. One piece of skin was wrapped 

around the upper face and the other was placed on the 
lower face and neck       

 

D.G. Greenhalgh

tpham94@uw.edu



133

possible for even 90 % TBSA burned patients. 
All extremities have tourniquets and the anterior 
trunk is injected with a solution containing epi-
nephrine. Every available donor site is harvested 
(except for the face and usually the hands). 
Depending on the size and severity of the burn, 
the hands may be covered with sheet grafts or a 
2:1 meshed graft. If there is questionable viabil-
ity of the hands, then allograft or 2:1 meshed 
autograft is used. The rest of the autograft is 
widely meshed (4:1) and usually used to fi rst 
cover the arms, and then the feet if available. 
Some surgeons argue that the back should be 
covered fi rst, but we cover more functional areas 
fi rst. The back often has a chance to heal (since it 
is thicker than other areas), and if not, can be 
grafted later. When available autograft is 
exhausted, the remaining areas are covered with 
either allograft (from a skin bank) or a skin sub-
stitute. The widely meshed autograft can be cov-
ered with a moist dressing (usually in a topical 
antimicrobial) or may be covered with allograft 
(Alexander technique) or xenograft (pig skin). 
We typically return the next day to excise and 
cover the back, and then save the face excision 
and coverage for a third day (since it requires 
more concentration). 

 The donor sites should be harvested thinner 
than for smaller burns since one must wait for 
donor site healing before it can be reharvested to 
replace the  allograft   or dermal substitute. Once 
the donor site has re-epithelialized, which 
requires 2–3 weeks, the patient returns for more 
autografting. During the subsequent phases, 
matching the donor harvest to the area of exci-
sion requires some skill.  One   technique that helps 
is to harvest the skin, mesh it, and determine how 
much can be covered. Then the excision can be 
performed to match the available skin. This pro-
cess is repeated multiple times until the patient is 
totally covered with autograft. In between graft-
ing procedures, one must monitor the patient for 
infections and sepsis. Fortunately, outcomes for 
patients with massive burns have improved so 
that many now survive.  

    Skin Substitutes 

 The biggest problem for patients with massive 
burns is that it requires weeks for donor skin to 
become available. Therefore, the length of stay 
of a patient has typically been said to last one day 
per percent burn. For massive burns, the length of 

  Fig. 9.15    ( a – c ) The result of an entire face graft that is “wrapped around” the face is quite satisfactory 8 years after the 
grafting       
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stay is even longer [ 18 ]. Investigators and clini-
cians have been working for decades to shorten 
the length of stay. Clearly, developing skin sub-
stitutes makes the most sense to close the wound 
faster and thus shorten hospital length of stay. In 
the future, a patient should be able to have an 
artifi cial skin applied over the entire burn soon 
after the time of injury  to   allow for rapid closure. 
While investigations have been ongoing for 
decades, very little progress has been made to 
create an adequate cultured skin. The current 
available skin substitutes are allogeneic and thus 
rejected. At the current state, the patient’s own 
cells must be grown ex vivo, but the extent of 
graft take is mediocre at best. 

 The fi rst strategy to be developed was to re- 
grow the patient’s epidermis [ 19 ]. In 1984, the 
Boston group published their experience with 
covering burns >90 % TBSA with cultured epi-
thelial autografts [ 20 ]. To improve graft take, the 
patients had fascial excisions and then their 
wounds were covered with cultured epithelial 
autografts. These patients survived and this tech-
nology is still commercially available. One just 
sends a biopsy, the cells are grown, and weeks 
later the cells are shipped back to the burn unit. 
Unfortunately, this technique has problems. First 
of all, the percentage of “take” of the epithelial 
cells has been quite low in many centers [ 21 ]. 
The cells have lower resistance  to   infection, and 
because they lack a dermis, the skin has lower 
resistance to shearing [ 22 ]. Fascial excision is 
also disfi guring, so many have attempted to use it 
on fat where the take is also reduced. Studies 
have shown that immune-stimulating component 
of allograft is in the epidermis so the dermis can 
be retained. The technique of leaving allograft 
dermis and covering it with cultured epithelial 
autograft has improved its success [ 23 ]. Many 
centers have had success using a protocol of 
 cultured epithelial autografts and some form of 
allograft dermis [ 24 – 29 ]. 

 The cultured epithelial autograft studies 
quickly revealed a need for an artifi cial dermis. 
Studies in the 1980s produced dermal substi-
tutes, especially Integra (Integra LifeSciences, 
Cincinnati, OH) [ 30 ] and Alloderm (LifeCell 
Corporation, Bridgewater, NJ) [ 31 ,  32 ]. Integra is 

bovine collagen matrix that is covered with a sili-
cone layer (which acts as a pseudo- epithelium). 
The matrix is placed on the wound bed and a 
minimum of 2–3 weeks is required for vascular 
ingrowth. The silicone is removed and a thin auto-
graft is applied to recreate the epithelium. Integra 
is still being used today, but, unfortunately, it has 
not had good results with being covered with cul-
tured epithelial autografts. Alloderm, a freeze-
dried human dermis, was designed for immediate 
coverage with autograft, but it is now rarely used 
for skin grafts. Instead, it is used as an implant for 
breast augmentations and hernias. Primatrix is a 
newer dermis made from fetal bovine skin. It is 
now in its early stages of testing [ 33 ,  34 ]. 

 The ideal goal is to have an autogenous com-
posite skin made of both a dermis and epidermis. 
There has been a great deal of research in this 
area, which has produced excellent results [ 35 ]. 
The skin is pliable and has reduced the length of 
stay of patients with massive burns [ 36 – 39 ]. 
There are clear problems with pigmentation that 
should be addressed with the addition of melano-
cytes. Clearly, the technology to make this type 
of skin substitute is available, but it appears that 
its production has not been a priority for many 
manufacturers or regulators. Burns, while a 
severe problem for  the   patient, are not in suffi -
cient numbers to make production of biologic 
skins a priority for many companies. Allogeneic 
skins are being produced because they can be 
used for the more lucrative chronic wound mar-
ket. Hopefully, in the future, these products will 
be available to improve the length of stay and 
outcomes of burn patients with massive wounds.  

    Summary 

 There are several basic tenants that can be used 
to optimize the functional and cosmetic out-
comes of burn patients. Clearly, smaller and more 
superfi cial burns will do better than those burns 
that cover large surface areas and are extremely 
deep. One must strive to optimize re-epitheliali-
zation in partial-thickness wounds so that healing 
occurs within 2 weeks to minimize scarring. If 
a burn is still open after 2 weeks or if the burn 
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is obviously full-thickness, then skin grafting 
is usually required. The use of sheet skin graft 
will minimize the mesh pattern that occurs when 
meshing skin. Thicker skin does better than thin 
skin, but the surgeon must balance the thickness 
of the donor skin with the potential for donor 
site scarring. For massive burns, the philosophy 
of early extensive excision with some form of 
wound coverage appears to have improved sur-
vival. While there is extensive experience with 
skin substitutes, the available products are lim-
ited. Hopefully, new and effective products will 
become available in the future.     
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          Introduction 

 Rehabilitation after burn injury requires teamwork, 
communication and collaboration to maximize a 
patient’s physical and psychological recovery. 
Advances in  medical and surgical care   have 
resulted in unprecedented rates of survival and 
patients withstanding more extensive burn injuries 
than ever before [ 1 ]. Patients with larger and more 
severe burn injuries have more scarring and there-
fore greater rehabilitation needs.  Survival   itself is 
no longer considered the end point of care, but 
rather the  quality  of a patient’s survival is empha-
sized through rehabilitation efforts [ 2 ]. The overall 
goal of physical rehabilitation after a burn injury is 
to assist the patient in achieving the highest possi-
ble level of functional independence and maximal 
rehabilitation. 

 Physical rehabilitation begins on the day of 
admission and continues through scar matura-
tion. For burn survivors with very severe injury, 
rehabilitation may continue  for   years due to 
ongoing reconstructive surgery and subsequent 
therapy-related needs, especially in growing chil-
dren. Burn rehabilitation is typically provided by 

occupational and physical therapists ( OT/PT  ) 
with special training in burn care. Although OTs 
and PTs have different professional training, the 
two disciplines work closely together in burn 
care and may overlap in their approaches to 
achieve distinct rehabilitation goals. For the pur-
poses of this chapter, OTs and PTs will be referred 
to together as “burn therapists.”  

    Rehabilitation Phases of Recovery 

 Although rehabilitation is a continuum of care pro-
vided throughout recovery from burn injury, the 
focus and emphasis of therapy shifts and can be 
described in three phases: acute rehabilitation, 
intermediate rehabilitation, and long-term rehabili-
tation [ 3 ]. The emergent care needs of the patient 
are extensive early in the recovery process and 
diminish over time, while the rehabilitative priori-
ties and therapy needs gradually increase with time 
until maximal rehabilitation is achieved. It is help-
ful to understand the patient’s rehabilitation needs 
in relationship to wound healing, surgery, and 
hospitalization. 

     Early   Rehabilitation Phase 

 The early rehabilitation phase starts upon admission 
and continues until the patient’s wounds are 50 % 
closed or skin grafting for wound closure has begun 
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[ 2 ]. Typically, burn therapists evaluate the patient 
within 24 h of admission and establish a rehabilita-
tive plan of care. Early rehabilitation corresponds to 
the infl ammatory phase of wound healing and the 
early proliferative phase when active wound con-
traction is occurring. Wound contraction, infl amma-
tion, and pain often restrict a patient’s range of 
motion (ROM) and functional abilities during this 
phase. Therefore, the focus  of   therapy is to maintain 
ROM while promoting wound healing. “Appropriate 
therapy should not obstruct wound healing and 
would healing should not be allowed to prohibit 
rehabilitation” [ 4 ]. It is essential that the burn team 
coordinate their efforts to facilitate wound healing 
while preventing loss of function. Therapeutic inter-
ventions during this stage include wound care, 
edema management, anti-deformity positioning, 
splinting, ROM exercises, basic functional activi-
ties, and early ambulation.  

     Intermediate   Rehabilitation Phase 

 The intermediate rehabilitation phase occurs 
until wound closure and/or acute skin grafting is 
complete [ 2 ]. This phase corresponds with the 
proliferative phase of wound healing when the 
tissue is re-vascularizing and re-epithelializing. 
Fibroblast are actively producing collagen, elas-
tin, and glycosaminoglycans for the rebuilding 
and strengthening of scar tissue. The emphasis of 
rehabilitation in this phase is on maintaining 
ROM and restoring function as collagen is laid 
down in the wound while also avoiding mechani-
cal trauma to newly healed tissue. Therapeutic 
interventions during this phase typically include 
the continuation of anti-deformity positioning, 
progression of splints to maintain ROM, ROM 
exercises, functional mobility, activities of daily 
living (ADLs), ambulation training, strengthen-
ing, early scar management, and initiation of 
basic cardiovascular/endurance training.  

    Long-Term Rehabilitation Phase 

 The  long-term rehabilitation phase   begins at 
wound closure until such time that the patient has 
received maximal benefi t from rehabilitation 

 services [ 2 ]. The patient may receive therapy 
within the acute hospital setting, a long-term reha-
bilitation facility, an outpatient therapy setting, or 
a continuum of all of these settings during this 
phase of care. Long-term rehabilitation corre-
sponds with the maturation (or remodeling) phase 
of wound healing when the closed wound is devel-
oping strength, and collagen is being actively 
deposited and degraded. Therapeutic interventions 
during this phase emphasize minimizing scar con-
traction and hypertrophy and their impact on  func-
tional recovery  . Common therapeutic interventions 
include anti-deformity positioning and splinting 
during times of inactivity or sleep, a progression of 
more complex and individually relevant functional 
tasks, physical agents/modalities, progression of 
functional mobility and ADLs, advanced ambula-
tion activities,  continued   ROM and strengthening 
exercises, more demanding cardiovascular/endur-
ance activities, sports and wellness activities, and 
scar management. During this phase, the interven-
tions are transitioned to the patient and caregiver 
for eventual independence and compliance in their 
home setting.   

    Components of Rehabilitation 

    Positioning 

  Positioning   is a fundamental part of any burn 
rehabilitation plan of care and the fi rst line of 
defense against the formation of contractures. In 
the early rehabilitative phase of recovery, posi-
tioning is also important for the reduction of acute 
onset burn edema and protection of vulnerable tis-
sues (i.e. exposed tendons, tissue over bony land-
marks, skin grafts). An individualized positioning 
program is developed within 24 h of admission 
for each patient based on the distribution of the 
burn injury with consideration for associated inju-
ries. The primary goal of a  positioning program 
for the patient with burn injury is to maintain 
healing tissue in an elongated and anti-deformity 
position while protecting vulnerable structures. 
The involved body segment is placed in a position 
opposite the potential contracture based on wound 
distribution. For example, if the anterior hip 
crease or surrounding skin on the ventral surface 

I. Parry

tpham94@uw.edu



139

of the thigh and trunk is burned, then the anti-
deformity position for that body segment would 
be full hip extension which can be achieved with 
a prone position (see Fig.  10.1a, b ).

   Patients tend to guard with pain after burn 
injury and assume a fetal like position with fl exion 
of the extremities. It is well-known in burn care 
that the position of comfort is the position of 
deformity and standard anti-contracture burn posi-
tions have been defi ned [ 5 ]. Positions of function, 
however, are also important to consider and should 
be incorporated into any comprehensive position-
ing program. For example, the recommended 
position for a circumferential upper extremity 
burn that crosses the shoulder, elbow, and wrist 
joints is lying supine with the shoulder abducted 
and slightly horizontally fl exed, elbow extended, 
and wrist supported in neutral. However, time in 
this position should be balanced with a position 
that encourages functional use of the upper 
extremities such as side-lying with the arms 
toward midline and the elbows fl exed (functional 
position for feeding), (see Fig.  10.2a, b ). There is 
currently  no   defi ned duration for a positioning 
schedule, so the best guide to determine how long 
any given position is benefi cial is careful assess-
ment of changes in the patient’s ROM throughout 
the course of recovery.

   Desired positions may be achieved and main-
tained with a variety of devices such as pillows, 
gel cushions, foam blocks, slings, bed modifi ca-
tions, and splinting devices. When possible, the 
patient should not be left supine in bed but should 
assume a combination of positions throughout 

the day including side lying, prone, sit, or stand 
in an effort to modify whole body positions and 
promote functional independence.  

     Splinting/Casting   

 Splinting is used in burn rehabilitation to protect 
vulnerable structures, minimize deformity, and 
maintain or increase tissue length of forming 
scar. Splints are used in situations where anti- 
deformity positioning alone does not suffi ciently 
maintain ROM or when rapid loss of motion is 
anticipated. Although the use of splinting devices 
varies among burn centers [ 6 – 9 ], it is an accepted 
therapeutic treatment most often used in conjunc-
tion with active exercises and functional activi-
ties. Some burn centers prioritize mobility and 
only use splints when a loss in ROM is noted 
[ 10 ], while other centers use splinting more read-
ily for immobilization and tissue elongation [ 11 ]. 
In 2011, Hollavanahalli et al. reported on the cur-
rent trends regarding splinting in burn rehabilita-
tion and found that therapists are using splinting 
more often to correct contractures than to prevent 
contracture [ 9 ]. That is, burn therapists tend to 
refrain from splinting joints that have full ROM, 
and instead, wait until there is a loss of motion 
observed before they splint, even with deep par-
tial thickness and full thickness burns. Common 
splint-wearing schedules prescribed for the 
patient with burns are “2 hours on and 2 hours 
off” or “nights and naps in splints and active 
movement and function during daytime.” 

  Fig. 10.1    ( a ) Distribution of burn injury. ( b ) Anti-contracture position       
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The balance of time between wearing splints and 
removing splints for movement is typically 
dependent on the progress of the patient and is 
often determined by his/her ability to maintain 
ROM and functional independence during period 
when splints are not worn. 

 Despite a paucity of evidence on the effective-
ness of splinting [ 12 ], the principles behind 
splinting are well-supported. Over 134 different 
splint designs have been described, likely a result 
of burn therapists’ creativity to solve the many 
individualized problems that arise for patients 
with burn injury [ 13 ]. The actual splint type that 
 is   applied is less important than the limb position 
itself. Splints provide low load, prolonged dura-
tion forces intended to maintain elongation in 
scar and surrounding tissue [ 14 ]. Following the 
guidelines described for positioning, the forces of 
a splint should be applied in the opposite direc-
tion of the potential contracture. 

 Splints can be categorized according to the 
objective they are designed to achieve. Static 
splints aim to immobilize an area and therefore 

have no mobile parts. This type of splint may be 
used to protect  tissue integrity  , maintain joint 
alignment, provide opposing forces to forming 
scar contractures, or to maintain passive ROM 
[ 15 ]. Static splints are often used post-operatively 
over new skin grafts for immobility of the joint 
and protection of the graft. A static splint may 
also be made of immobile, but adjustable compo-
nents, so that it can be remodeled to accommo-
date increases in ROM, in which case it is called 
a static progressive splint. In contrast, dynamic 
splints aim to mobilize a body part by utilizing 
the concept of tissue creep. That is, elastic parts 
are used to apply constant forces to forming scar 
tissue, thus progressively elongating the tissue 
over time [ 16 ]. Dynamic splints are used to pro-
vide prolonged stretch to tight tissue, apply con-
trolled resistance for strengthening, or assist 
movement in weak muscles [ 15 ]. 

 Serial casting, using plaster or fi berglass  mate-
rial  , aids in tissue elongation and correction of 
burn scar contracture to areas non-responsive to 
other therapeutic interventions [ 17 ]. A cast is 

  Fig. 10.2    ( a ) Standard anti-contracture position for upper extremity burns. ( b ) Functional positioning for upper 
extremity burns       
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applied circumferentially with evenly distributed 
pressure over the scars and positions the joint 
such that low load, prolonged corrective forces 
can be applied with minimal pain [ 18 ]. Casts are 
most often used with noncompliant patients or in 
children to prevent removal of the device. Casts 
may be safely used over non-infected skin grafts 
or open wounds [ 19 ]. They are typically applied 
and changed every 3–5 days when open wounds 
are present and every 7–10 days over healed 
scars. Windows may be cut in the cast to allow 
access to wounds if appropriate and necessary 
(see Fig.  10.3 ).  Serial   casting is a therapeutic 
option that has benefi ts to the patient with burn 
scar contracture when applied with skill and 
careful monitoring.

       Range of Motion and Functional 
Exercises 

  Movement of burned areas   after injury can be 
painful and result in muscle guarding and loss of 
motion. Exercise programs begin on the day of 
admission and continue throughout wound healing 
and scar maturation. ROM exercises can be active, 
active-assisted, or passive. Active exercise, where 
a patient independently moves a limb segment, is 

preferred in most situations because it provides 
sense of control, decreases perceived pain, and 
encourages active muscle contraction. Furthermore, 
active muscle pump reduces edema, promotes cir-
culation [ 20 ], and mitigates muscle atrophy [ 21 ]. 
If a patient cannot achieve full ROM actively, then 
active-assisted exercises are used to manually 
assist the patient in moving through the segment of 
motion they cannot perform independently. With 
active-assisted ROM, patient may still receive the 
benefi ts of active exercises without compromising 
full available passive motion. Passive ROM is 
normally reserved for patients who are unable to 
participate in active motion either due to sedation, 
neuropathy, critical illness or other barriers. Passive 
ROM is applied in a slow, controlled manner, while 
caution is taken to monitor the local  skin/tissue 
response and overall patient tolerance of the 
exercises. 

 Functional exercises are purposeful tasks that 
help to reinforce the ROM achieved while 
improving strength, endurance, and coordination. 
For example, feeding one’s self with a utensil 
encourages grasp (hand ROM and strength) and 
elbow fl exion and extension ROM, strength, and 
endurance while training coordination for an 
activity needed in daily life. The ultimate goal of 
OT/PT after a burn injury is to return the patient 

  Fig. 10.3    A serial cast 
with a cut out for access 
to wound       
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to the pre-burn level of functional independence. 
In the very early phases of burn recovery, func-
tional tasks are tasks related to self-care, feeding, 
and mobility, while in the later stages functional 
tasks involve skills related to work, school, fam-
ily roles, or play/recreation in preparation for a 
patient returning home and to the community. 

 Bed mobility, transfers in and out of bed, as 
well as ambulation are all forms of functional 
tasks that require full body movement and are 
some of the initial skills trained after injury. As 
the patient is able, he/she begins to practice activ-
ities of daily living, such as self-hygiene and toi-
leting. Focusing on ROM through functional 
tasks such as these, not only encourages mainte-
nance of motion, strength, and muscular endur-
ance, but allows the patient an opportunity for 
independence which often improves morale and 
confi dence during the recovery process. In the 
long-term rehabilitation phase, higher  level    
functional tasks such as advanced mobility skills 
(i.e. climbing stairs, fl oor transfers) or personal 
role tasks (i.e. cooking, work hardening) are 
emphasized. 

 Although the burn therapist is primarily 
responsible for implementing exercise programs 
and training patients toward independence with 
functional tasks, all team members are responsi-
ble for reinforcing independent movement when-
ever possible. For example, while in the  intensive 
care unit (ICU)  , the nurse can encourage the 
patient to independently roll when placing a bed 
pan for toileting or during follow-up clinic visits, 
the surgeon can request the patient to demon-
strate a functional task that he/she has mastered 
since the last visit.  

    Ambulation 

 Protocols for ambulation after burn injury and 
after skin graft surgery vary among burn centers. 
Research on early ambulation of critically ill 
patients demonstrates benefi ts such as fewer ven-
tilator days [ 22 ], decreased pain [ 23 ], and 
 decreased   length of stay [ 24 ]. Early mobilization 
of critically ill patients has been shown to be both 
feasible and safe [ 25 ]. Upright mobility protocols 

in the burn ICU may begin with supported sitting 
in bed or a chair and gradual progression to 
standing and assisted ambulation. Equipment 
such as a cardiac chair and tilt table [ 26 ] may be 
helpful in facilitating more time in an upright 
position, while walkers or other assistive gait 
devices may enable longer ambulation distance 
(see Fig.  10.4 ). Adequate personnel and appro-
priate equipment is essential for keeping the 
patient and staff members safe when mobilizing 
large patients or patients on ventilators.

   Early ambulation may be limited by the burn 
patient’s need for surgery, in particular skin grafts. 
The majority of burn centers mobilize patients out 
of bed between post-operative day (POD) 2 and 5 
after skin graft surgery to the legs and between 
POD 1 and 4 for skin grafts above the waist [ 9 ]. A 
recent prospective randomized controlled trial 
compared early ambulation (POD 1) to standard 
time to ambulate (POD 5) and found that there 
was no difference in graft loss between the groups 
and that the early ambulation group ambulated 
signifi cantly more minutes per therapy session 
than the standard group [ 27 ]. 

  Fig. 10.4    Early  ambulation   in the ICU with a burn patient       
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 A patient’s ability to ambulate may initially be 
limited by edema, pain, decreased ROM, dimin-
ished strength, or fear and anxiety. Using elastic 
bandages wrapped in a fi gure-eight pattern on the 
lower legs provides vascular supports to new skin 
grafts and helps with pain.    Using preparatory exer-
cises such as isometric and concentric exercises in 
a variety of positions helps allay fear or anxiety 
about movement. As the patient gains indepen-
dence with ambulation, higher level whole body 
balance and coordination activities should be 
incorporated into the therapy regimen according to 
the patient’s pre-burn level of function and prior 
home, work, or recreational demands. As ambula-
tion progresses, the focus on independent upright 
mobility shifts to one of increasing cardiovascular 
and endurance activity demands.  

     Strength and Conditioning Exercises   

 Patients with signifi cant burn injury experience 
loss of lean muscle mass [ 28 ], decreased bone 
density [ 29 ], and fatigue [ 30 ]. When compared to 
non-burned children and adults, burn survivors 
show decreased aerobic capacity [ 31 ], strength 
[ 32 ,  33 ], and are generally deconditioned. Two 
factors contribute to this deconditioning follow-
ing signifi cant burn injury: (1) prolonged bedrest 
due to medical instability and need for multiple 
surgeries [ 34 ], and (2) prolonged hypermetabolic 
response which leads to muscle catabolism and 
atrophy [ 35 ]. 

 Strength and conditioning activities are aimed to 
improve the ability of a burn patient to participate in 
daily/work-related/recreational activities for pro-
longed periods of time without fatigue [ 4 ] and are 
normally a major component of therapy in the long- 
term rehabilitation phase of recovery. Exercise pro-
grams that include strength and conditioning 
activities have been shown to reverse the effects of 
protein catabolism and immobilization after burns 
in both adults and children [ 36 ,  37 ]. Recent practice 
guidelines on exercise after burn injury recommend 
that strength and cardiovascular endurance be eval-
uated in individuals 7 years of age or older and a 
supervised resistance and/or aerobic exercise pro-
gram implemented for those individuals testing 

below normal [ 38 ]. Strengthening may begin with 
active ROM or functional activities described previ-
ously, then progress to exercises that require greater 
muscular resistance and more cardiovascular 
demand. A variety of protocols exist  for   strength 
and endurance [ 39 ] training and may be initiated as 
early as immediately post-discharge to as late as 14 
years post-burn. Exercise programs have shown 
benefi t when implemented for 6–12 weeks in adults 
and up to 12 weeks for children [ 38 ].  

    Scar Management 

 Comprehensive scar management includes efforts 
to minimize scar  contracture   as well as scar  hyper-
trophy  . The previously described therapeutic 
interventions (i.e. positioning, splinting, exercise, 
etc.) are all aimed to mitigate contracture by  pro-
viding   elongation forces to the scar tissue that 
forms during dermal healing. This section will 
describe some of the non-surgical interventions 
that focus on reducing or preventing scar hyper-
trophy as well. Scar hypertrophy is an excess 
deposition of collagen resulting in an overgrowth 
of scar tissue. 

 Nonsurgical therapies to minimize scar 
hypertrophy aim to alter the mechanical or 
physical properties of the scar [ 40 ]. The most 
common interventions used clinically include 
massage, compression therapy, and insert/sili-
cone application. Initiation of these interven-
tions is determined based on assessment of the 
strength and integrity of the scar and may occur 
between 2 and 6 weeks after epithelialization or 
skin graft surgery. There is evidence that early 
intervention may have a greater infl uence on 
scar outcome [ 41 ,  42 ]. Duration of the interven-
tion is based on scar maturation, which typically 
takes 12–18 months but may vary based on the 
individual. Scars progress from an immature 
state which is characterized by a red and raised 
appearance and rigid feel to a state of maturity 
which is characterized by a relatively paler 
color, planar disposition, and pliable feel. 
Clinically, scars are observed to thicken and rise 
the most at approximately 3–4 months after 
burn wound closure. 
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    Massage and Moisturizing 
 Due to the imbalance in skin hydration, moistur-
izers play a key role in the early management of 
scars to hydrate the newly healed tissue, support 
damaged sebaceous gland function, and to miti-
gate the pruritic effect of dry skin [ 43 ]. Once 
burn scars have matured enough to tolerate sheer-
ing forces, scar massage using a moisturizing 
cream should be incorporated into the scar man-
agement regimen. A variety of techniques have 
been described and utilize principles of mobiliz-
ing scar tissue to reduce adhesions and improve 
pliability or friction to realign collagen fi bers 
[ 44 ].  Scar massage   has shown to benefi t ROM 
and reduce itch, pain, and anxiety in burn patients 
[ 45 – 47 ]. Despite the lack of evidence for changes 
in physical scar characteristics, scar massage is 
still routinely used clinically in burn rehabilita-
tion [ 9 ,  48 ].  

     Compression Therapy   
 The use of compression to control burn scar hyper-
trophy has a long history [ 49 ]. Despite confl icting 
evidence of the effectiveness of  compression ther-
apy   [ 50 ], pressure garments and other compres-
sion devices are widely used in burn rehabilitation 
(see Fig.  10.5 ). A recent randomized within-wound 
comparison concluded that pressure garment ther-
apy is effective, but that the clinical benefi t is 
restricted to patients with moderate or severe 
scarring [ 51 ]. Patients with burn wounds that heal 
within 7–14 days (superfi cial partial thickness 
burn wounds) do not need compression therapy 
[ 51 ]. Those patients whose wounds heal within 
14–21 days or require skin grafting are closely 
monitored and pressure garments are typically 
prescribed preventively [ 52 ,  53 ].

   The appropriate amount of pressure to be 
applied to hypertrophic scar has not yet been 
determined [ 50 ]. Clinically, custom therapeutic 
pressure devices used for mitigation or prevention 
of scar hypertrophy average 24–40 mmHg of 
pressure, which is approximately equal to or 
greater than the capillary pressure (25 mmHg) 
[ 54 ]. Pressure garments are used throughout scar 
maturation and have been shown to have a posi-
tive effect on scar thickness when used for a 

 minimum of 6 months [ 55 ]. Pressure garments are 
typically prescribed to be worn 23 out of 24 hours 
per day and should only be removed for bathing 
or during exercises if they interfere with move-
ment. The garments should be replaced when the 
fabric is worn out or they no longer fi t the patient 
(more frequently with growing children). 

 Custom fi t  pressure   garments can be costly and 
unavailable to all patients, in which case, other 
forms of pressure may be used if pressure is indi-
cated. Alternative compression devices include 
elastic bandages, self-adherent stretch wrap, tubu-
lar compression bandages, or pre- fabricated com-
pression garments.  

    Insert and  Silicone Application   
 The human body has many areas of depression 
where continuous pressure with garments is diffi -
cult to achieve. Therefore, various insert materials 
are used to “fi ll the space” and create conformity 

  Fig. 10.5     Custom-fabricated pressure garment         
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and compression in those areas of concavity such 
as the axilla, sternum, palm, web spaces of the 
fi nger/toes, and areas on the neck and face (see 
Fig.  10.6 ). Common insert materials used are 
foam, elastomer, putties, neoprene, or silicone 
sheets [ 18 ,  56 ]. The inserts may be placed directly 
on the scar or within a pocket in the garment.

   Silicone gel sheets may function as an insert 
to improve continuous pressure, or according to 
some studies, the silicone material itself may 
benefi t the scars [ 57 – 59 ]. Silicone gels or gel 
sheets have been recommended for use on scars 
that have a high probability of becoming 
hypertrophic [ 60 ,  61 ]. The exact mechanism of 
how silicone affects the burn scar is still not 
known, but some theories include hydration of 
the stratum corneum which facilitates regula-
tion of fi broblast production, protection of scar 
tissue from bacteria-induced excessive colla-
gen production, or modulation of growth fac-
tors [ 62 ]. Clinically, silicone has been observed 
to hydrate the burn scar, depress the height of 
hypertrophic scars, increase the pliability of 
scars, and improve pain and itch [ 63 ,  64 ]. Care 
should be taken when using inserts or silicone 
gel or gel sheets to clean the products regularly 
and monitor the skin for allergic reaction or 
maceration.   

    Scar Assessment 

 Evaluating scar characteristics is an important part 
of monitoring clinical progress throughout scar mat-
uration and valuable in research for studying the 
effectiveness of interventions. A variety of subjec-
tive and objective tools exist to evaluate scars [ 65 ]. 
Subjective tools allow the clinician to systemati-
cally rate various aspects of the scar such as pliabil-
ity, pigmentation, vascularity, and height and include 
additional patient self-rating of pain, itch, and satis-
faction. Such scales are easy to administer and clini-
cally feasible, but are subject to observer bias and 
have indeterminate or low-quality clinimetrics [ 66 ]. 
Commonly used subjective scar scales are the 
 Vancouver Burn Scar Scale (VBSS)  , various modi-
fi ed versions of the VBSS, and the  Patient Observer 
Scar Assessment Scale (POSAS)   [ 67 – 69 ]. 

 Objective scar tools provide a more objective 
and reliable evaluation with better reproducibil-
ity and inter-rater reliability than do subjective 
scales [ 70 ]. However, they measure only one 
aspect of the scar and are often not as feasible for 
clinical practice. Multiple objective scar tools are 
available including the cutometer (pliability), 
durometer (fi rmness), Chromameter or mexame-
ter (color), ultrasound (thickness), and laser 
Doppler (perfusion) to name a few [ 65 ,  71 ].  

  Fig. 10.6    Foam insert 
used in web spaces and 
silicone sheet applied to 
dorsum of foot       
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    Outcome Measures 

 Just as scar outcome is valuable to measure, so is 
functional outcome. A wide variety of outcome 
measures are used clinically in burn rehabilita-
tion and for research. Using the World Health 
Organization International Classifi cation of 
Functioning, Disability and Health, a few com-
mon outcome measures used after burn injury 
can be described [ 72 ]. Impairment (body func-
tions and structures) outcome measurements 
commonly used for evaluation after burn injury 
include ROM (goniometry) and [ 73 ] strength 
(manual muscle testing or dynamometry) [ 74 ] 
and cardiovascular function (modifi ed  Bruce 
protocol  ) [ 39 ]. Activity limitations can be deter-
mined from functional ability such as hand func-
tion (Michigan Hand Outcomes Questionnaire) 
[ 75 ] and mobility (6 min walk test) [ 76 ]. 
Participation limitations are evaluated by a 
patient’s ability to return to work or school [ 77 , 
 78 ]. There are also many outcome measures 
used to evaluate the impact of burn injury on 
overall quality of life outcome [ 79 ,  80 ]. A recent 
consensus symposium on quality outcome indi-
cators proposed that the following metrics be 
used to measure functional outcomes after 
burn injury: Burn Specifi c Health Scale-Brief 
(BSHS-B) (adults) and Health Outcomes Burn 
Questionnaires (children) [ 81 ].   

    Special Considerations 
for Rehabilitation 

    Specialized Areas of Treatment 

    Hands 
  Hands   are one of the most common areas to sustain 
burn injury. Due to the complex anatomical and 
functional nature of the hands, a burn injury of any 
depth to this body part is considered signifi cant and 
presents unique challenges to the burn therapist. 
Anticipated problems with the burned hand include 
edema formation, a multitude of possible hand 
deformities and functional problems, diffi cult scar 
management, and in children, impaired fi ne motor 
development. The burn therapist must diligently 

attend to early evaluation and treatment of hand 
burns. Special attention should be given to moni-
toring proper positioning and splinting to avoid 
disabling contracture formation. If contracture 
forms, it is essential to differentiate the involved 
structures and provide prompt and appropriate 
intervention. Additional considerations for therapy 
of the hands include early assessment of nerve 
injury, hand-specifi c functional training, mainte-
nance of ROM and web spaces, and appropriate 
referrals for follow-up care.  

    Face 
 Due to the unique esthetic and functional nature 
of the face, it too presents unique challenges to 
the burn therapist when scarred. With facial burn 
injury, there is a high propensity to form contrac-
tures of the mouth (microstomia) and  eyelids 
  (ectropion), which can have a signifi cant func-
tional and cosmetic impact for the patient. The 
therapeutic interventions described previously 
(ROM exercises, splinting, massage, compres-
sion therapy, and silicone) are commonly used on 
the face, but consideration must be given to frag-
ile facial features and complex anatomical curva-
tures. Compression therapy of the face is often 
provided with a clear, hard plastic material (trans-
parent face mask) in order to provide continuous 
contact to facial curvatures and allow the patient 
 to   be seen through the material for more normal 
social interactions [ 82 ,  83 ].   

     Age-Related   Rehabilitation 
Considerations 

 Children and the elderly require special consider-
ation when rehabilitating from a burn injury. 
Children tend to have increased anxiety and a 
decreased attention span. They are a developing 
being physically and emotionally, which results 
in the need for the burn therapist to be adapt-
able, creative, and fl exible. The child’s decreased 
understanding of the benefi ts of therapy may lead 
to decreased compliance and the therapist must 
work closely with family members to ensure fol-
low-up with the plan of care. In addition, frequent 
growth spurts may require ongoing modifi cation 
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of pressure garments or splints. Functional goals 
with the pediatric burn patient are directed at age 
appropriate play and school activities. 

 Elderly adults who sustain burn injury may 
have premorbid limitations in sensory (eye sight, 
hearing, skin sensation), motor (ambulation, bal-
ance, coordination), or cognitive (memory, judge-
ment) abilities and will require special adaptations 
or assistance during rehabilitation to learn follow-
up care. Skin function in the elderly may also be 
altered, resulting in delayed wound healing, sus-
ceptibility to infection, increased risk of pressure 
sores, and compromised thermoregulation [ 84 ]. 
Caution should be used with transfers to avoid 
shearing forces on the skin. Physiological response 
to therapy should be monitored closely in case of 
comorbidities affecting the heart, lungs, or circula-
tion. Discharge planning may involve a return to a 
different living situation, in which case caregivers 
must be identifi ed and trained.   

    Conclusions 

 Rehabilitation services are a critical part in recov-
ery from burn injury and play a signifi cant role in 
the restoration of a patient’s physical function. 
Physical and occupational therapy should be pre-
scribed on the day of admission and continue 
throughout acute  hospitalization  , long-term reha-
bilitation, outpatient, and follow-up care. Therapy 
must be implemented early and provided contin-
uously throughout the stages of recovery for 
maximal benefi t. The burn therapist is an integral 
part of the team and essential in facilitating the 
patient’s physical rehabilitation.     
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          Introduction 

    Overview 

 Burn scar reconstruction is a rewarding endeavor 
for both patient and surgeon. The improvements 
to both  aesthetics and function   can be signifi cant, 
and are a crucial aspect of returning quality of 
life to burn patients. Reconstructive procedures 
need not be complex to be effective; many prob-
lems can be tackled with skin grafts and simple 
Z-plasties. Other reconstructive problems or the 
anatomic areas affected are more complex and 
should be addressed by those with more exten-
sive training and experience in plastic surgery. 

 We cover the major reconstructive options, 
with emphasis on those techniques within the 
scope of practice of most burn surgeons. We 
briefl y mention  more   advanced reconstructive 
options and related considerations, as a guide to 

treatments that consultant plastic and reconstruc-
tive surgeons may offer.  

    Caution 

 The discussion of reconstructive techniques in this 
chapter is not meant to imply they are either within 
or outside the scope of practice of any particular 
surgical specialty or subspecialty. As with all sur-
gical procedures, they should be performed by 
practitioners who have the requisite experience, 
capability to handle potential complications, and 
good judgment to choose a safe course of action. 
The majority of  reconstructive procedures   rely on 
the principle of mobilizing and using donor tis-
sue from one area to reconstruct another. The 
salient complication common to all reconstruc-
tive surgery is the simultaneous loss or failure of 
the donor tissue and the creation of a donor site 
defect. This very real possibility means the sur-
geon can easily violate a central tenet of medi-
cine, “ primum non nocere ”, or “fi rst, do no harm” 
[ 1 ], and thus all reconstructive procedures are to 
be approached with the utmost caution and 
respect. Another issue that warrants caution is 
with respect to the timing of reconstructive 
 surgery. The patient’s desire for reconstruction 
usually occurs early after injury at a time that is 
not optimal from the standpoint of scar matura-
tion, which takes place much later. Notwithstanding 
a severe debilitating contracture or deformity, the 
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surgeon is well-advised to patiently rely on time 
and conservative measures such as splinting, 
pressure, intra-scar injection of steroids, and top-
ical silicone gel [ 2 ], in order to avoid operating 
on active  immature scars  . This period of delay 
allows fresh scars to mature, and will help to 
increase the odds of a successful surgical out-
come. Finally, careful preoperative consultation 
with the patient and an honest discussion of what 
is, and what is not possible is mandatory. Burn 
patients’ expectations usually exceed the small 
and the sometimes subtle changes that occur fol-
lowing the majority of burn scar reconstruction.   

    Principles of Scars, Bands 
and Contractures, Scar Release, 
and Reconstructive Options 

     Principles      

 Fundamentally, contractures and shortage of tis-
sue are the basis of many burn scar problems. 
Consequently, release of the scar involves surgi-
cal division of scar bands perpendicular to the line 
of pull of the contracture. This may be quite sim-
ple as in the case of a unidirectional contracture 
band divided by transverse division with darts 
(Fig.  11.1 ), or more complex as in the division of 
a contracture causing an ectropion where there are 
multidirectional lines of tension (Fig.  11.2 ). A key 
point is that scar contractures should be  incised  

and rarely, if ever,  excised  as excision only aug-
ments the existing tissue defi ciency. Once the 
release is created, the resulting defect will need to 
be closed. In general, scar contracture bands 
should be categorized as either broad and diffuse 
or as distinct and linear. Release of the broad dif-
fuse contracture is usually not amenable to clo-
sure with local fl aps or Z-plasties because these 
techniques rely on laxity of the surrounding soft 
tissues for mobilization. Conversely, linear dis-
tinct bands often have adjacent normal tissue that 
is loose and mobile (Fig.  11.3 ) allowing closure of 
the release using local fl aps or Z-plasties. Finally, 
as a general principle all releases must be fol-
lowed by a period of splinting combined with 
aggressive physiotherapy and stretching in order 
to maintain the release.

     The reconstructive ladder (Fig.  11.4 ) is a 
time- honored method of approaching the recon-
structive options available to the surgeon and 
patient [ 3 ]. Although the idea of proceeding 
from simple to complex reconstruction is sound, 
arguments can be made for skipping reconstruc-
tive rungs to choose a reconstructive technique 
with improved outcomes  for   the patient [ 3 ]. For 
example, although a skin  graft   can fi ll many 
contracture release defects, it may be preferable 
to jump immediately to the step of a local fl ap or 
a Z-plasty, if this is possible, in order to harness 
the shorter healing time, reduced pain, and 
improved texture that accompany the latter 
procedures.

  Fig. 11.1    Broad diffuse contracture across the neck 
showing transverse release pattern with darts placed per-
pendicular to the predominantly unidirectional line of pull 

( a ), the typical “hourglass” shape of the release ( b ), and 
insertion of a full thickness graft to close the release ( c ). 
Photo courtesy of Robert Cartotto, MD, FRCSC       
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       Choosing a Reconstructive Option 

 The choice of a reconstructive option should 
additionally be guided by patient factors such as 
personal preferences, clothing worn, and location 

of existing scars. One should also recognize that 
using a particular donor site may preclude its use 
for other applications in the future. For example, 
the frequently used full thickness skin graft groin 
donor site eliminates both the groin fl ap and 

  Fig. 11.2    Severe  post-burn lower eyelid 
ectropion   showing complex 
multidirectional lines of tension ( arrows ) 
with placement of the releasing incision 
markings. Photo courtesy of Robert 
Cartotto, MD, FRCSC       

  Fig. 11.3    Simple linear  band post-burn contracture   
across the axilla with adjacent uninvolved lax skin ( a ), 
with placement of multiple Z-plasty markings ( b ), and 

postoperative result at 3 months ( c ). Photo courtesy of 
Robert Cartotto, MD, FRCSC       
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superfi cial circumfl ex iliac artery perforator 
fl ap—very useful thin fl aps which may be 
required later on.  

    Z-plasty 

 Z-plasties are based on the principles of trading 
width for length, and reorienting the lines of scar 
tension. The simple Z-plasty (Fig.  11.5 ) is the 
workhorse of burn reconstruction, and can be 
applied to a wide variety of reconstructive prob-
lems (Fig.  11.6 ) [ 4 ]. When designing the simple 
Z-plasty all limbs should be of equal length, and 
the angles should also be equal. The central 
(“contractural”) limb is placed along the scar to 
be reoriented or contracture to be addressed 
(Fig.  11.5 ). A typical angle used is 60° which cre-
ates fl ap tips large enough to generally avoid 
ischemia, a good degree of lengthening, and pro-
duces fl aps which are easily transposed with each 
other. Z-plasties  should   be marked in the preop-
erative area with the awake patient eliciting the 
contracture of concern. This allows one to take 
adjacent joints, which may be contributing, into 
account. Furthermore, the contracture or band 
may be less apparent once the patient is under a 

  Fig. 11.4    Reconstructive ladder going from simplest to 
most complex option       

  Fig. 11.5     Z-plasty   designed for contracture release. All limbs are of equal length, and angles are 60°       
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general anesthetic. The fl aps must be kept thick 
with an adequate amount of subcutaneous tissue 
in order to preserve the vascular supply. Z-plasties 
may be raised in areas of previous skin grafting 
as long as there is adequate subcutaneous tissue 
to support the fl aps (Fig.  11.6 ) [ 4 ]. This requires 
the utmost caution and experience, as there is a 
higher risk of fl ap necrosis in this situation. When 
the contracture to be released is of such a length 
that a single Z-plasty would be too large,     multiple 
Z-plasties may be designed in tandem to allow 
contracture release (Fig.  11.7 ).

         Split Thickness Skin Graft 

  Split thickness skin grafts   are a mainstay of many 
reconstructive procedures. They are readily har-
vested using the same techniques as during pri-
mary burn reconstruction, and can be used to 
cover large defects resulting from contracture 
release, or resurfacing. Donor sites can be chosen 

in areas such as the upper thighs or lower back, 
which may be easier to conceal with clothing. 
The main disadvantage of the split skin graft is 
that it is not very effective in inhibiting recurrent 
contracture formation. If it is utilized, it should 
be a medium to thick graft, typically in the range 
of 14–18/1000 inches thick.  

     Full Thickness Skin Graft   

 In contrast to the split graft, the full thickness 
graft is much more capable of inhibiting recur-
rent contracture formation. An important limita-
tion with these grafts is the necessity of primary 
closure of the donor site, which limits the size 
that can be harvested. Also, take of the full thick-
ness graft is less reliable than that of a split 
thickness graft, and demands an optimal recipi-
ent bed. Practically speaking, the two main 
sources of full thickness skin grafts are the abdo-
men, and the inguinal fold. The abdominal donor 

  Fig. 11.6    Linear band contracture across the perineum 
( a ), with planned release shown with multiple Z plasty 
markings which include planned fl ap elevation in areas 
previously burned and skin grafted ( b ), and fi nal transpo-
sition and closure of the fl aps ( c ). (Reprinted from Cartotto 

R, Cicuto BJ, Kiwanuka HN, Bueno EM, Pomahac 
B. Common postburn deformities and their management. 
Surg Clin North Am. 2014;94(4):817–37 [Reference [ 4 ]] 
with permission from Elsevier.)       

  Fig. 11.7    Z-plasty variation for longer scars and contractures not suitable for a single Z-plasty release       
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site has the advantage of providing more skin, 
but design and closure require a good under-
standing of abdominoplasty principles to avoid 
leaving an obvious donor site and ensuring 
proper positioning of the umbilicus. The groin is 
a preferred donor site as it provides a reasonably 
large amount of skin and, when designed along 
the groin crease, can be closed primarily with a 

good aesthetic result. By pinching the skin in 
equidistant amounts on both sides of the inguinal 
crease one can determine the maximal width that 
can be harvested allowing primary closure of the 
donor site. These steps are outlined in Fig.  11.8 . 
Full thickness skin grafts are typically secured 
using bolster dressings, which remain intact for 
5–7 days (Fig.  11.9 ).

  Fig. 11.8    Technique of full thickness skin graft harvest from inguinal crease       

  Fig. 11.9    Severe post-burn ectropion of the lower lip 
associated with oral incontinence ( a ), with extensive 
release performed which allows restoration of the lip to its 
normal position ( b ), followed by placement of full thick-

ness skin graft with multiple tie-over bolster sutures 
placed around the graft perimeter ( c ), and graft secured 
with a tie-over bolster dressing ( d ). Photo courtesy of 
Robert Cartotto, MD, FRCSC       
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         Dermal Regeneration   Templates 

 As an alternative to skin grafts, dermal regen-
eration templates (e.g., Integra ®  Dermal 
Regeneration Template, Integra LifeSciences, 
Plainsboro NJ, USA, or PriMatrix ® , TEI Medical, 
Waltham, MA, USA) can be employed for recon-
structive purposes. Typically the dermal regen-
erative matrix is placed into the defect that results 
from a scar release or a scar excision, and is then 
engrafted secondarily a few weeks later with a 
thin split thickness skin graft. The advantage of 
this approach is that the donor site requirements 
are reduced because only a thin autograft is 
required. This may be necessary when prior 
extensive burns have led to the availability of 
only a limited number of previously multiply re- 
harvested donor sites. This benefi t must be 
weighed against the disadvantages of this 
approach including: cost, the need for two opera-
tions, and the higher risk of non-take of the tem-
plate compared to a skin graft.  

    Local, Regional, and Free  Flaps   

 The use of fl aps is beyond the scope of this chap-
ter. For local fl ap options, one may refer to a 
number of plastic and  reconstructive   surgery 
textbooks. The armamentarium of local fl aps 
includes variations of transposition, rotation, and 
advancement fl aps (usually requiring an advanced 
set of reconstructive skills), which will generally 
warrant referral to a plastic and reconstructive 
surgeon.  

     Excision   and Serial Excision of Scars 

 When scarring, and not contracture, is the pri-
mary problem, some scars (such as areas of scalp 
burn alopecia) may be amenable to direct exci-
sion and closure, or serial excision and closure. 
Serial excision may allow patients to avoid tissue 
expansion and the accompanying temporary 
deformity. During planning, one can ascertain the 
approximate amount of tissue that can be excised 
by using a pinch test. While performing the exci-

sion, it is recommended to mark the desired area 
to be removed, but to begin the procedure by 
making the incision only along one border so that 
the dissected tissue may be advanced and the 
opposite border marked, thus confi rming the lim-
its of primary closure, before committing to the 
fi nal excision. Serial excisions should be spaced 
out by 3–6 months, and a pinch test can be used 
to determine  when    suffi cient tissue laxity exists 
to repeat the procedure.   

    Head, Neck, and Facial 
Reconstruction 

    Introduction 

 Facial reconstruction should not be undertaken 
lightly as both aesthetic and functional factors 
play a signifi cant role. Typical burn deformities 
can include burn alopecia, various ear defects, 
varying degrees of nasal loss including alar rim 
loss or retraction, ectropion of upper and lower 
eyelids, microstomia and oral incompetence, and 
neck contractures, all resulting from scars.  

    Scalp 

  Scalp reconstruction   is generally to restore hair 
bearing regions and eliminate alopecia. In gen-
eral, the scalp can be expanded by 50 % before 
thinning is clinically and socially evident. 
Therefore, patients with defi cits of more than 50 
% of the hair bearing regions should be coun-
seled that scalp reconstruction to restore all areas 
of hair is not possible [ 5 ]. For these patients, 
reorientation of existing hair is an option if this 
will improve aesthetics or the fi t of hair-pieces. 
Depending on the degree of surrounding tissue 
laxity, small scalp defects (<3 cm width) can be 
directly excised and the resulting defect closed 
primarily. Larger defects are frequently more 
suitable for excision and closure with local fl aps, 
serial excision, or tissue expansion. Of these 
options, serial excision is the safest option and 
least likely to produce further deformity or suffer 
complications. This comes at the expense of 
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potentially requiring more operative procedures, 
and a limit to the ability to correct the alopecia 
defect completely. Tissue expansion is consider-
ably more effective but requires a minimum of 
two surgeries and a prolonged period of tempo-
rary deformity. Many surgeons may recommend 
tissue expansion, if serial excision will likely 
require more than three procedures.  

    Auricular 

 The purpose of  auricular reconstruction   is to 
restore the external ear to an aesthetic normal, 
and generally has minimal functional impact, 
aside from the ability to support eyeglasses. 
Small ear defects may be amenable to excision 
and closure, with care to rebalance the overall 
proportions of the ear. Larger defects may be 
treated with a variety of local or regional fl aps, or 
grafts from the contralateral ear [ 6 ]. Subtotal or 
total defects may be candidates for either osseo-
integrated prosthetics [ 7 ] or autologous recon-
struction using rib cartilage according to the 
technique described by Nagata [ 8 ]. All of these 
techniques generally require referral to a plastic 
surgeon. If attempts are made to salvage the 
existing ear during acute burn treatment, these 
should not compromise future reconstruction 
efforts and should specifi cally avoid use of local 
skin or temporal parietal fascial fl aps.  

    Nasal 

 The purpose of  nasal reconstruction   is to restore 
aesthetics, as the specialized functions of the 
nose, such as humidifi cation and fi ltering, cannot 
be restored by today’s reconstructive techniques. 
Attention should be given to restoration of the 
nose’s lining, structural framework, and external 
cover. As local tissue options are usually limited, 
reconstruction may require use of the paramedian 
forehead fl ap [ 9 ] or a scalp fl ap. Alternatives for 
large or total defects would also include an osseo-
integrated prosthesis [ 10 ], or free fl ap reconstruc-
tion [ 11 ]. Again, such an undertaking is frequently 
complex and the patient should be referred to an 
expert in this area.  

    Ocular 

  Ectropion   is a signifi cant complication following 
burn injury, and can occur in patients with facial 
skin grafting, or in those with more superfi cial 
facial burns which are allowed to heal without 
surgery. In either case, the immediate goal is pro-
tection of the cornea, and this can be achieved 
temporarily with frequent administration of arti-
fi cial tears and ocular lubricants. Those patients 
with a Bell’s phenomenon (upward rotation of 
the globe during eye closure) will have a greater 
degree of corneal protection from exposure, but 
the goals of ocular protection remain the same. 
Ophthalmologic consultation may be warranted 
in these circumstances for assessment of the cor-
nea. Ultimately, release of the ectropion and skin 
grafting of the resulting defect will be required to 
release the eyelid and allow complete closure of 
the eye. Usually full thickness skin grafts are 
used for the lower eyelid, while thick split thick-
ness grafts are recommended for  the    upper eye-
lid. Full thickness skin graft donor sites can 
include the unburned contralateral upper eyelid 
(if it is available and there is suffi cient laxity) 
pre- or post-auricular skin, and the upper medial 
arm. If available, a thick split thickness graft 
from the scalp works well for the upper lid. In 
general, ectropion reconstruction should be per-
formed by reconstructive surgeons with experi-
ence operating around the eyelid and globe. This 
may warrant a consultation with an oculoplastic 
specialist or plastic surgeon.  

    Oral 

  Microstomia   is a signifi cant problem following 
oral commissure and surrounding cheek burns. 
Microstomia can interfere with oral hygiene, eat-
ing, and intubation for surgical procedures. 
Microstomia can be treated with serial splinting, 
but patient tolerance and compliance can be sig-
nifi cantly limited. Local mucosal and tongue 
fl aps are used to relocate the modiolis and correct 
microstomia while maintaining a relatively nor-
mal lip contour and color (Fig.  11.10 ). Again, 
these reconstructions should be undertaken by 
experienced reconstructive surgeons.
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       Neck 

  Flexion contractures   of the neck can create sig-
nifi cant functional and aesthetic defects. After 
neck contracture release the defect can be resur-
faced using skin grafts, or local fl aps of the neck 
or regional perforator fl aps from the shoulder, if 
these areas are spared. If skin grafts are used, the 
patient can be placed on a bed that promotes neck 
extension for the fi rst week postoperatively, or at 
the very least pillows should not be used. This 
will need to be followed by splinting of the neck 
in neutral or extension in order to maintain the 
release. One should be cautious and avoid com-
bining simultaneous releases of both neck and 
axillary contractures, as the requirements of 
splinting for each procedure are antagonistic. In 
addition, an anesthesia consult prior to a planned 
neck release is prudent since patients with ante-
rior neck contractures may be diffi cult to 
intubate.   

    Upper Extremity Reconstruction 

     Approach   

 The differential diagnosis of joint contracture in 
the setting of burn injury is complex, and not lim-
ited to skin and scar only. One must consider the 
possibility of heterotopic ossifi cation, fracture, 
subluxation, arthritis, capsular contracture, ten-
don contracture, opposing tendon transection, 
and soft tissue attenuation either resulting from 

or contributing to overlying scar and burn con-
tracture. Diagnosis of bony causes requires plain 
fi lm X-ray. Diagnosis of tendon pathology can be 
made by examining other joints which are unaf-
fected by scarring but which the tendon in ques-
tion crosses. Alternatively, it may be possible to 
evaluate tendon gliding and excursion by placing 
adjacent joints in varying degrees of fl exion and 
extension to change the relative distance the ten-
don must traverse. And fi nally, tendon ultrasound 
may be helpful in complex cases. Operative plan-
ning should include the possibility that multiple 
pathologies may need to be addressed simultane-
ously. Fortunately, if burn scar contractures are 
treated in a timely fashion, it is unlikely that 
enough time will have passed for soft tissue 
attenuation to occur, and contracture will 
 generally be limited to skin scars, skin grafts, and 
subcutaneous tissues.  

    Axilla 

 Axillary contractures can signifi cantly impair 
upper extremity function, yet are notoriously dif-
fi cult to treat. If local or regional fl aps options are 
available, these are preferable as they are least 
likely to undergo a recurrent contracture postop-
eratively. In contrast, skin grafting of the axilla 
frequently recontracts and thus postoperative 
splinting is essential to preventing recurrence. 

  Axillary contractures   can occur along the 
anterior or posterior axillary folds, or in the dome 
of the axilla, and are common after skin grafting. 

  Fig. 11.10    Bilateral oral commissure contractures with 
 dots  identifying planned site of relocation of the modiolis 
( a ), planned Y to V release utilizing oral mucosal fl aps 

( b ), with result at 3 months post-op ( c ). Photo courtesy of 
Robert Cartotto, MD, FRCSC       
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Axillary contractures can be classifi ed as: adja-
cent scars, isolated anterior or posterior fold, 
anterior and posterior fold with spared apex, and 
total axillary involvement [ 12 ]. As the arm is 
abducted during axillary contracture release, the 
contents of the axilla: axillary vein, numerous 
peripheral nerves, and lymph nodes, are placed at 
risk of transection. Axillary releases can either 
occur through the zone of maximal contracture, 
or if one wishes to avoid the structures in the 
dome, then two releases (proximal and distal to 
the dome) can be performed. For smaller contrac-
tures with adequate surrounding soft tissue, 
Z-plasty or local transposition fl aps work best to 
close the release (although one must avoid non- 
 anatomic   relocation of hair bearing areas), 
whereas larger contracture releases or those 
involving the apex will likely require skin graft-
ing and a bolster dressing.  

    Elbow 

  Elbow fl exion contractures   are a frequent compli-
cation of burn injury to the region. The elbow is 
also the most frequent site of heterotopic ossifi ca-
tion in burn patients [ 13 ], and so this potential 
cause of limitations in joint range of motion 
should be considered. During contracture release 
the contents of the cubital fossa: antecubital veins, 
radial and median nerves, and brachial artery, are 
all potentially at risk of injury. Therefore a combi-
nation of sharp and blunt dissection should be 
used during release. As with other joint releases, 
adequate surrounding soft tissue means the release 
can be treated with some variation of the Z-plasty, 
whereas larger releases or poor local tissue will 
lead to use of a skin graft for closure.  

    Hand 

     Principles   
 The main concern with operations of the volar 
digits is identifi cation and preservation of the 
neurovascular bundles and fl exor tendons. 
Careful release of contractures and blunt dissec-
tion are crucial to avoiding important structures, 

and if any concern exists that they are present in 
the surgical fi eld, one should attempt to identify 
and protect the neurovascular bundles before 
proceeding with the remainder of the operative 
procedure. 

 If there is any concern that  contractures   are 
multifactorial or involve more than the skin and 
soft tissue, then referral to a plastic and recon-
structive or hand surgeon is warranted.  

    Flexion Contractures 
  Flexion contractures   can occur as a result of burn 
injury and contracture of the volar digit, or as a 
sequelae of either burn injury or iatrogenic injury 
of the extensor mechanism during excision and 
grafting. This distinction is important, as exten-
sor mechanism injuries will not be corrected dur-
ing volar contracture release, but must be 
addressed so that the contracture does not recur. 

 Flexion contracture releases are optimally 
treated with Z-plasties, but in many cases there is 
insuffi cient surrounding soft tissue and so full 
thickness skin grafts may be required instead 
(Fig.  11.11 ).

       Webspace Contractures 
  Webspace contractures   (“burn syndactyly”) 
occur when adjacent digits are injured by burns 
and allowed to heal, or are skin grafted and sub-
sequent scarring develops across the webspace. 
This can lead to signifi cant aesthetic and func-
tional deformity where the patient cannot abduct 
the digits. In the fi rst webspace this can signifi -
cantly impair the ability to oppose the thumb and 
grasp objects. Webspace contractures can be 
classifi ed according to a schema proposed by 
Alexander et al. [ 14 ] based on the degree to 
which the contracture involves the proximal pha-
lanx. Depending on the location and the extent of 
the scar, webspace contractures can be treated 
with release followed by full thickness skin 
grafts, simple Z-plasties, 4-fl ap Z-plasties, or a 
modifi ed double opposing Z-plasty as described 
by Housinger et al. [ 15 ] (outlined in Fig.  11.12 ). 
In general, 50 % involvement or less can be 
treated with local fl aps alone, whereas greater 
than 50 % involvement will likely require skin 
grafting.
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        Miscellaneous 

 Missing digits and more proximal limb losses can 
be reconstructed through a variety of techniques. 
The classic examples for thumb loss including 
web space deepening, pollicization, and microvas-
cular free tissue transfer such as toe-to-thumb, 
depending on the level of loss. Other, more exotic, 
reconstructions for burn amputation could include 
targeted muscle reinnervation with prosthesis, and 
hand transplantation. These types of reconstruc-
tions necessitate referral to a reconstructive plastic 
or hand surgeon.   

    Breast, Abdomen, and Perineum 

    Breast 

     Breast Mound   
 The breast can be of signifi cant importance, par-
ticularly for female development from both an 

aesthetic and psychological perspective. 
Distortions of the breast requiring reconstruction 
are generally due to problems of development if 
acquired at a prepubertal age, or alterations of 
structure and form if injured by a burn after 
maturity. In the case of prepubertal injury, if the 
nipple areolar complex was damaged or removed, 
then the breast bud, which lies directly below it, 
may have been compromised. If the breast bud 
has been removed or is nonfunctional, then nor-
mal breast growth and development cannot 
occur. Alternatively, if signifi cant scarring or 
skin grafting of the surrounding and overlying 
breast skin envelope has occurred with an intact 
underlying breast bud, then there can be signifi -
cant retardation of normal breast development as 
the breast mound cannot expand. In these situa-
tions, release of the overlying skin can allow the 
breast to grow as puberty occurs. If breast defor-
mity results from having portions removed or 
was skin grafted after maturity, then these con-
tour irregularities may be due to either missing 

  Fig. 11.11    Post-burn fl exion contractures of the ring and 
small digits with planned transverse release marked ( a ), 
completion of release and insertion of full thickness skin 
grafts. Note the use of temporary K-wires across each 

proximal interphalangeal joint to maintain the release 
postoperatively ( b ), with result at 3 months ( c ). Photo 
courtesy of Robert Cartotto, MD, FRCSC       

  Fig. 11.12    Modifi ed double opposing Z-plasty. This technique is particularly useful for webspace contractures (“burn 
syndactyly”)       
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tissue or contracture. In all of these cases referral 
to a plastic surgeon is warranted. Reconstructive 
techniques can involve tissue expansion, place-
ment of breast implants, resurfacing, or use of 
various fl aps including those traditionally used 
for post-oncologic breast reconstruction such as 
the latissimus dorsi, and the wide range of pedi-
cled and free abominally based fl aps (for exam-
ple the transverse rectus abdominis or deep 
inferior epigastric perforator fl aps).   

    Nipple and Areola 

  Nipple reconstruction   is performed for aesthetic 
purposes. There is currently no method of recon-
structing a functional nipple, and reconstructions 
are limited to restoring some degree of projection 
and color. Projection can be restored using a vari-
ety of local fl aps (for example the modifi ed skate 
[ 16 ], and C-V [ 17 ] fl aps) or free nipple grafts, 
and color can be restored with skin grafts or tat-
tooing (which allows a greater degree  of    control 
over pigmentation). Again, such reconstructive 
efforts should be undertaken by an experienced 
breast reconstructive surgeon.  

    Abdomen 

  Abdominal scars   may be amenable to revision 
or removal based on the availability of sur-
rounding tissue and its laxity. Some scars can be 
removed using various modifi cations of abdom-
inoplasty techniques, often when various life 
events or changes, such as pregnancy, have cre-
ated a “natural” soft tissue expansion. Other 
scars will require the use of soft tissue expand-
ers to allow for resurfacing, or serial excision. If 
these techniques are used, then one should 
attempt to place the resulting scars in inconspic-
uous areas such as below the underwear line. It 
is important to note that abdominoplasties are 
not similar to panniculectomies, in that the 
result should be aesthetically acceptable, the 
umbilicus is repositioned, and the goal is not 

simply removal of excess tissue. The abdomen 
can also be a source of signifi cant full thickness 
skin graft as this can also be removed in an 
abdominoplasty style harvest, which allows for 
primary closure of the donor site.  

    Perineum 

  Perineal webbing   and contracture is rare, as are 
perineal burns, but can have signifi cant func-
tional consequences. Perineal webs can prevent 
hip abduction, create diffi culties with voiding 
and hygiene, and compromise sexual function. 
Generally these webs are large and may not 
always be amenable to correction with a Z-plasty 
although in appropriately selected cases 
Z-plasties or their variations may correct the 
deformity (Fig.  11.6 ) [ 4 ]. More signifi cant con-
tracture releases may require mobilization of 
abdominal and thigh skin fl aps at the level of the 
fascia, or even myocutaneous fl aps, but many 
also require skin grafts, and the operative plan 
should include this option. Care should be taken 
when mobilizing skin fl aps not to compromise 
lymphatic drainage from the lower extremities. If 
skin grafts are used, bolster dressings may be the 
best option for improving adherence and prevent-
ing the shearing forces to which this region is 
prone.   

    Lower Extremity Reconstruction 

 In many ways lower extremity reconstruction is 
analogous to upper extremity reconstruction, and 
approaches to matching anatomic areas are simi-
lar. The same general principles and approaches 
apply to joints of the lower extremity, as they do 
to joints of the upper extremity. 

    Knees 

  Knee fl exion contractures   are similar in effect to 
elbow fl exion contractures. The resulting pri-
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mary disability is diffi culty with ambulation, 
which can be improved with appropriate contrac-
ture release and skin grafting or Z-plasty as 
appropriate.  

    Ankles 

  Plantar fl exion contractures   may result from mul-
tiple causes including: foot drop, shortening of 
the Achilles tendon due to inadequate stretching 
and/or improper positioning during the acute 
burn phase, and posterior soft tissue contracture. 
Foot drop is common in critically ill patients, 
including burn patients [ 18 ,  19 ]. If this is the 
case, then serial splinting for foot drop, or refer-
ral to an orthopedic surgeon for fi xed deformities 
may be warranted. Aggressive stretching and 
splinting should be undertaken when tendon 
shortening is identifi ed. If the only cause appears 
to  be   posterior scar contracture, then Z-plasty or 
release and skin grafting should correct the defor-
mity. Due to limited tissue availability in this 
region Z-plasty is less likely to be a viable option, 
and the need for skin grafting is higher.  

    Toes 

  Digital contractures   and webspace contractures 
of the foot are dealt with using the same princi-
ples and techniques as in the digits of the hand. 
The anatomy is similar, and precautions to guard 
against tendon, digital nerve, and digital artery 
injury are the same. There may be less functional 
and aesthetic need to correct foot webspace con-
tractures as compared to in the hand, but treat-
ment should be guided by the patient, and it is not 
unreasonable to correct these deformities if they 
occur. The most common post-burn deformity is 
a dorsal foot contracture that pulls the toes into 
hyperextension at the MTP joints. These contrac-
tures may be broad and diffuse  or    may exist as 
linear bands to individual toes, and are dealt with 
using the aforementioned principles of scar 
release. Unlike in the hand, fl exion contractures 
of the toes do not place them in a functional posi-

tion, and these will need correction to allow 
proper ambulation and facilitate footwear fi t.   

    Conclusion 

 While a wide variety of reconstructive techniques 
exist, in many cases straightforward techniques 
such as serial excision, skin grafting, and Z-plasty 
can have great benefi t for patients. A thoughtful 
approach to reconstruction can help guide sur-
geons in determining when to attempt it them-
selves, what approach to use, and when referral 
to a plastic and reconstructive surgeon will be 
most appropriate.     
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          Introduction 

 In 2015, the American Burn Association reported 
a total of 486,000 burn injuries requiring medical 
treatment. Only 40,000 (8 %) of these burn patients 
required hospital admission for management of 
injuries—leaving approximately 92 % of the  ther-
mally injured patients   to receive their care in an 
outpatient setting [ 1 ]. This low acuity population 
still requires careful evaluation and management. 
Though these patients do not require fl uid resusci-
tation or need escharotomies, they still require 
monitoring of their healing wounds, adequate pain 
control, appropriate assessment of their emotional 
healing and societal reintegration.  

     Selection   for Outpatient Burn Care 

 Successful treatment of burn injuries in the out-
patient setting is dependent upon careful selec-
tion of appropriate patients. Key factors that must 
be taken into account include age, premorbid 
conditions, social circumstances, injuring agent, 
extent of burn, and depth of burn. 

 Extent of burn is the most important consider-
ation when identifying patients that could poten-
tially be managed as an outpatient. It is important 
to remember that the ABA criteria for referral to 
a burn center are exactly that, referral criteria, 
and are not admission criteria [ 2 ] (Table  12.1 ). At 
our institution, we see burns of greater than 10 % 
TBSA that are extremely superfi cial in depth in a 
patient with a high level of function that can be 
well managed as an outpatient.

   Age is also an important consideration when 
deciding whether a patient can be safely man-
aged as an outpatient. There is not an absolute 
age cut off for a child or senior that demands 
inpatient admission following burn injury, but 
patients at the extremes of age can pose undo 
challenges in the outpatient setting [ 3 ]. Careful 
selection is required. Young children often have 
wound care needs that outstrip the families and 
the visiting nurses resources. The older senior 
population can benefi t from the daily wound care 
and rehabilitation that can be given in an inpa-
tient burn center setting to maintain function. 

 A patient’s premorbid medical problems can sig-
nifi cantly affect the successful outcome of a burn 
injury. Chronic diseases such as heart failure, 
chronic obstructive pulmonary disease, cirrhosis, 
kidney disease, diabetes mellitus, and dementia are 
often found in burn patients and can affect the 
course of therapy and outcomes. The degree of con-
trol of underlying medical problems as well as sup-
port at home should be assessed. If the patient has 
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control of their premorbid conditions and a good 
support system at home, outpatient management can 
be attempted [ 4 ]. Unfortunately the patient’s family 
and social support is often untenable in patients who 
suffer thermal injury. Without social support and a 
clean and safe home environment, patients and their 
wounds can rapidly deteriorate. A few days in the 
burn center to appropriately assess a patient’s burn 
situation and suitability for transitioning to home 
care is often a wise investment. Secondary injuries 
such as smoke inhalation injury, skeletal fractures, or 
closed head injury often make inpatient care the only 
option. All patients should also be assessed for signs 
and symptoms of physical abuse  or    neglect. In our 
burn center we often admit these patients due to con-
cern for their safety, which also allows us to do a 
careful social and home evaluation.  

    Outpatient  Burn Wound Care   

 Minor burns should be treated immediately with 
cool running water and all inciting burn materials 
should be removed. The burn should then be 

cleansed. This includes using an antimicrobial 
soap. Our cleanser of choice is dilute chlorhexi-
dine. Loose tissue and broken blisters should be 
debrided. Tense blisters, often occurring on the 
palms of hands and soles of feet should be de- 
roofed. Non-tense intact blisters do not need to 
be de-roofed. Concurrently, adequate pain medi-
cation should be provided to allow tolerance of 
the initial burn debridement. 

 Following debridement, partial-thickness burns 
are covered with topical agents and dressings. The 
goal of these products is to minimize pain, decrease 
to risk of infection, promote wound healing, mini-
mize cosmetic deformity, and preserve function. 
There are several topical agents and dressings on 
the market from which clinicians can choose. 
Silvadene cream is suitable for most all burns and 
is a time tested antimicrobial wound agent, how-
ever there are now many other products on the 
market that offer greater comfort to the patient and 
the convenience of less frequent dressing changes. 
A silver based dressing such as AquacellAG ®  
(ConvaTech, Inc., Bridgewater, N.J.) or MepilexAG ®  
(Molnlycke Healthcare, Norcross, GA) allows the 
dressing to remain in place for 7–10 days. These 
dressings have demonstrated faster healing, 
decreased pain, fewer dressing changes, and 
improved patient satisfaction. Silver impregnated 
dressing  have   also proven to be more cost- effective 
compared to traditional dressing methods such as 
daily dressing changes with silver sulfadiazine [ 5 ]. 
It is our practice to use these silver products pref-
erentially in superfi cial dermal burns and use 
Silvadene for wounds at or deeper than the mid-
dermis or in burns where the silver dressings are 
diffi cult to apply—axilla, neck, and diaper areas in 
infants. 

 Timing and frequency of follow-up for outpa-
tient burns depends on the acuity of the burn. For 
acute superfi cial partial thickness burns, healing 
should occur at 2 weeks. This type of burn should 
be observed on a weekly basis. Assessment of 
wound healing, pain control, therapy compliance 
and teaching in the care of the healing wound 
occurs at these visits. Avoidance of harsh soaps, 
use of skin moisturizers and avoidance of unpro-
tected sun exposure are important to teach and 
reemphasize often. These patients rarely need 
extended follow-up for the risk of scaring and 
 other   sequelae are rare. Longer periods of healing 

   Table 12.1    ABA referral criteria describe a range of 
conditions that require a referral to a burn center   

 ABA burn center referral criteria 

 1. Partial-thickness burns of greater than 10 % of the 
total body surface area 

 2. Burns that involve the face, hands, feet, genitalia, 
perineum, or major joints 

 3. Third-degree burns in any age group 

 4. Electrical burns, including lightning injury 

 5. Chemical injury 

 6. Inhalation injury 

 7. Burn Injury in patients with preexisting medical 
disorders that could complicate management, 
prolong recovery, or affect mortality 

 8. Any patients with burns and concomitant trauma 
(such as fractures) in which the burn injury poses 
the greatest risk of morbidity or mortality. In such 
cases, if the trauma poses the greater immediate 
risk, the patient’s condition may be stabilized 
initially in a trauma center before transfer to a burn 
center. Physician judgement will be necessary in 
such situations and should be in concert with the 
regional medical control plan and triage protocols 

 9. Burned children in hospitals without qualifi ed 
personnel or equipment for the care of children 

 10. Burn injury in patients who will require special 
social, emotional, or rehabilitative intervention 
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can be expected in patients with deeper injury 
(mid-dermal, deep dermal burns and full thick-
ness burns) or patients who have concurrent 
medical problems that delay healing such as dia-
betes, immunocompromised states, chronic ste-
roid use, or advanced age. These wounds should 
be assessed every week or every other week. 
Partial thickness burns that fail to heal at 2 weeks 
as well as deeper burns should be considered for 
surgery though the decision to operate is multi-
factorial and is dependent on not just depth of 
burn but location and size of wound, the age of 
the patient and the risk of donor site morbidity. It 
is important in these cases to review with the 
patient, your team, and yourself the benefi ts of 
excision and grafting of a wound: to reduce infec-
tion; to reduce time to healing (and return to 
work); to reduce the risk of functional scar; and 
to improve cosmesis. It is surprising how often 
running this list of benefi ts with the patient yields 
no clear indications for surgery. 

 In patients with healed burns, length 
between appointments can be extended typi-
cally to a monthly basis while scar maturation 
continues to occur. At these appointments, 
 outcomes of scar maturation from compression 
garment and adherence to physical and occu-
pational therapy can be assessed. Superfi cial 
burns and burns of small extent often mature 
by 3–4 months after burn. These patients have 
no detectable violaceous appearance to their 
healed wound and can be discharged from the 
clinic. Burns that have been grafted and 
 spontaneously healed burns of mid and deep 
dermal depth should be followed for a longer 
periods. These appointments can be a 4–6 
week intervals. At the completion of scar mat-
uration, which usually occurs by 1 year, length 
between appointments can be further extended 
to one or two time a year basis [ 4 ].  

    Control of Pain and Pruritus 

 Pain control is essential for successful outpatient 
burn wound management. Appropriate pain con-
trol can usually be achieved through a  combination 
  of scheduled over  the   counter, nonnarcotic and 

short-acting, prescription narcotic medications. If 
adequate pain control cannot be achieved through 
these means, a long-acting prescription narcotic 
may be added to the patient’s pain regimen to 
decrease spikes in pain. Low-dose anxiolytics can 
also be added to reduce anxiety associated with 
dressing changes. A  nonsteroidal anti-infl amma-
tory (NSAID)   should also be part of the pain con-
trol regimen. A multitrack approach to pain control 
does not end with narcotics and NSAID, drugs in 
the class of antiepileptic and antidepressants can 
have a role in the control of pain. These medica-
tions act centrally and can provide a degree of pain 
control in burn patients who have diffi cult to man-
age pain. In the class of antidepressants selective 
serotonin reuptake inhibitors such as   citalopram     
(  Celexa    ) and sertraline (  Zoloft    ) and Tricyclic anti-
depressants such as   amitriptyline    ,   desipramine     
(  Norpramin    ), and   doxepin     (  Silenor    ) and Serotonin 
and norepinephrine reuptake inhibitors such as 
  venlafaxine     (  Effexor    ) and   duloxetine     (  Cymbalta    ) 
should be considered. In terms of anticonvulsants, 
  gabapentin     (  Neurontin    ), and   pregabalin     (  Lyrica    ) 
can be considered [ 6 ]. Our  center   has seen good 
benefi t with amitriptyline. Generally these antide-
pressants and anticonvulsant medications when 
used for pain control are not dosed at their full rec-
ommended levels. It is advisable to start at the 
lowest possible dose and titrate for effect. Additionally 
since many of these medications have a long half-
life it sometimes takes days  to   weeks before the 
medication takes effect. Monitoring for side effects 
with these medications is necessary. For antide-
pressants symptoms such as blurry   vision    ,   con-
stipation    , diffi culty urinating,   dry mouth    , and 
headache should prompt an evaluation and reduc-
tion or stopping of the medication. For anticonvul-
sants side effects such as drowsiness,   dizziness    , 
  fatigue    , and nausea should be monitored. Finally 
burn practitioners need to decide how alternative 
therapies might be utilized for control of pain in 
their patients. A  cupuncture    , guided imagery,   yoga    , 
hypnosis,   biofeedback    ,   aromatherapy    , relaxation, 
and herbal remedies may benefi t some patients. 

 Ensuring adequate pain and anxiety control in 
the outpatient setting requires careful planning. 
Patients and families need clear directions as to 
how to take their pain medications ½ to 1 h before 

12 Outpatient Management of Burns

tpham94@uw.edu

http://www.mdconsult.com/das/pharm/view/403939018-10/full/690/top?sid=1412577124&SEQNO=1#_top
http://www.webmd.com/drugs/drug-8603-Celexa+Oral.aspx?drugid=8603&drugname=Celexa+Oral
http://www.webmd.com/drugs/mono-8095-SERTRALINE+-+ORAL.aspx?drugid=35&drugname=zoloft+oral
http://www.mdconsult.com/das/pharm/view/403939018-14/full/26/top
http://www.mdconsult.com/das/pharm/view/403939018-15/full/172/top
http://www.webmd.com/drugs/drug-6936-norpramin+oral.aspx
http://www.mdconsult.com/das/pharm/view/403939018-16/full/210/top
http://www.webmd.com/drugs/2/drug-154518/silenor-oral/details
http://www.mdconsult.com/das/pharm/view/403939018-19/full/642/top#_top
http://www.webmd.com/drugs/drug-1836-Effexor+Oral.aspx?drugid=1836&drugname=Effexor+Oral
http://www.mdconsult.com/das/pharm/view/403939018-20/full/2650/top#_top
http://www.webmd.com/drugs/2/drug-91491/cymbalta+oral/details
http://www.mdconsult.com/das/pharm/view/403939018-22/full/271/top#_top
http://www.webmd.com/drugs/drug-9845-Neurontin+Oral.aspx?drugid=9845&drugname=Neurontin+Oral
http://www.mdconsult.com/das/pharm/view/403939018-23/full/2757/top#_top
http://www.webmd.com/drugs/drug-93965-Lyrica+Oral.aspx?drugid=93965&drugname=Lyrica+Oral
http://www.webmd.com/eye-health/default.htm
http://www.webmd.com/digestive-disorders/ss/slideshow-constipation-facts-10
http://www.webmd.com/digestive-disorders/ss/slideshow-constipation-facts-10
http://www.webmd.com/oral-health/guide/dental-health-dry-mouth
http://www.webmd.com/first-aid/understanding-dizziness-basics
http://www.webmd.com/sleep-disorders/ss/slideshow-fatigue-causes-and-remedies
http://www.webmd.com/pain-management/consider-acupuncture
http://www.webmd.com/balance/guide/the-health-benefits-of-yoga
http://www.webmd.com/a-to-z-guides/biofeedback-therapy-uses-benefits
http://www.webmd.com/balance/stress-management/tc/aromatherapy-essential-oils-therapy-topic-overview


168

their scheduled visit time and to have additional 
medications available for after the visit. Ideally 
an outpatient clinic should have the capacity and 
facilities to be able to administer IV or PO nar-
cotics for patients with more extensive wounds 
and those who require cleaning of large wounds. 

 Part of outpatient pain and anxiety control is 
the discussion of the appropriate use of narcotics 
and the need to have a schedule for their tapering 
and eventual termination. This discussion needs 
to be highly individualized, for all patients will 
have their unique combination of burn size, size 
of wound, degree of functionally limiting scar, 
narcotic tolerance, and anxiety levels. No matter 
the need for individualization, this conversation 
about tapering and ending medications needs 
to be initiated early and goals should be set. 
Practitioners should be ready for reassessing tar-
gets of tapering and termination of these medica-
tions as conditions change. Ten to 20 % of trauma 
and burn victims are narcotic and cocaine posi-
tive on admission to the hospital and majority of 
those patients will have substance abuse prob-
lems [ 7 ,  8 ].    Preexisting addiction and patients 
who become narcotic dependant during burn 
treatment can pose a diffi cult management prob-
lem for the burn team. For these patients a refer-
ral to an outpatient detoxication program or even 
an inpatient rapid detoxifi cation program will be 
necessary [ 9 ]. 

 Pruritus is a common complication of burn 
injuries, observed in up to 90 % of patients dur-
ing the fi rst month following a burn. Successful 
control of pruritus requires  a   multifocal approach, 
addressing the underlying causes of pruritus. 
Known causes of pruritus following burns 
include histamine release, dry skin, and neuro-
pathic causes. The fi rst step is to review the 
patient’s skin care regimen to ensure that they are 
still using a mild soap and are applying skin 
moisturizers 3–5 times a day. The release of his-
tamine from mast cells occurs during healing. 
Histamine H-1 specifi c blockers have been found 
to be superior to lowering pruritus compared to 
nonspecifi c histamine receptor blockers [ 10 ]. 
Finally, neuropathic pruritus can be treated using 
medications used to treat neuropathic pain such 
as gabapentin, pregabalin, and duloxetine.  

    Telemedicine 

 The advent of telemedicine is another resource 
that can be utilized for the delivery of outpatient 
burn care to those patients without readily avail-
able access to a specialty burn center [ 11 ]. 
Telemedicine has been shown to provide accu-
rate initial and follow-up assessments for burn 
wounds and patient and family satisfaction has 
been positive. It also provides a cost-effective 
solution for providing specialty burn care to rural 
communities [ 12 ]. Models of  telemedicine in the 
  USA in the fi eld of dermatology have shown ini-
tial enthusiasm but over time over half these pro-
grams have closed. Of note the programs that 
remain open have seen their volumes of visit 
increase. For a program to be successful it has to 
overcome the hurdles of startup costs, cross state 
licensing, and inconsistent models for reimburse-
ment [ 13 ].  

    The Outpatient  Burn Team   

 As more and more thermally injured patients are 
managed as outpatients the scope of care that is 
delivered in the clinic needs to change. A doctor, 
nurse, and rehabilitation therapist would be con-
sidered a well-represented clinic in the past, but 
this neglects many other important aspects of 
burn care. The clinic is a place where patient’s 
nutritional status should be assessed and where 
patients make the transition back into the work-
place. Making sure that these issues are part of the 
conversation during clinic visits and having the 
resources to address patient’s dietary status and 
reintegration into society will be an  increasingly 
important part of the outpatient experience in a 
modern burn center. 

 Many advances in burn materials and new 
thinking on part of burn practitioners have lead to 
more and more burn patients getting their burn 
care as outpatients. Pressures on hospitals to 
reduce inpatient hospital costs and length of stays 
have been mounting on general hospitals as well 
as burn centers. Burn patients on average spend 
longer in the hospital than all other patients admit-
ted to US hospitals with an average length of stay 
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of 8.9 days versus 5.1 days. Thermally injured 
patient cost the system more than other conditions 
with an average in-patient cost of $173,000 ver-
sus $9000 for all other admissions to US hospitals 
[ 14 ]. Burn practitioners should be part of the solu-
tion in fi nding ways to reduce hospital costs and 
avoid unnecessary hospital admissions, but we 
need to be vigilant that the quality of care we 
deliver does not suffer. As the clinic takes on an 
increased volume of patients and patients with 
increased acuity the resources of the clinic need to 
be augmented. Materials, appropriate settings for 
wound care and analgesia, personnel to include 
nursing, rehabilitation therapists, nutritionists, 
social work need to be appropriately assigned to 
the outpatient burn clinic. To shift inpatient care 
to the outpatient setting without an appropriate 
increase in resources is a formula for less than 
optimal care.  

    Transitions of Care 

 Transitioning care from an inpatient to outpatient 
setting requires careful coordination of resources 
to assure smooth and safe transition of care. 
Factors that must be considered in the transition 
of a patient from inpatient to outpatient care 
include burn healing status, pain  control   needs, 
functional capacity, need for occupational and 
physical therapy, access to transportation, psy-
chological needs, and the patient’s fi nancial/insur-
ance status. These factors can be successfully 
addressed through a multifactorial, team approach 
utilizing input from the medical burn team, physi-
cal and occupational therapists, nutritionists, 
social workers, and case managers. Transitioning 
a patient from outpatient to an inpatient treatment 
setting should be considered in patients who have 
failed outpatient management of a burn or have 
severe complications related to their burn. This 
includes poor compliance with outpatient therapy, 
poor pain control, infection of a burn, or burns 
that require delayed surgical intervention. It also 
 includes   delayed healing of burns needing exci-
sion and grafting as well as complications related 
to scar maturation. An additional transition is the 
preparation of an outpatient burn patient for same 

day or ambulatory surgery. Establishing a good 
administrative process for these surgeries is nec-
essary to eliminate patient frustration and unmet 
pain needs.  

    Quality Improvement 

  Quality Improvement and Process Improvement 
(QI/PI)   should not begin and end at the doors of 
the burn center. While the vast majority of the cri-
teria for successful verifi cation of a burn center 
pertain to the care of inpatients, more and more 
burn patients receive their care in the outpatient 
setting. Burn centers should begin to look at their 
QI/PI process across the care continuum. Recovery 
and maintenance of weight, adequacy of pain con-
trol in the clinic, assessment and intervention of 
acute stress disorder and post- traumatic stress syn-
drome, and compliance with outpatient rehabilita-
tion is just a partial list of elements that could be 
considered for an outpatient QI/PI program.  

    Conclusion 

 Medical care in the USA is in a time of great 
change and the burn community needs to be 
ready to respond while maintaining excellent 
patient care. Burn centers, which have been suc-
cessful in building great inpatient burn centers, 
will need spend time building and resourcing 
robust outpatient clinics and begin to monitoring 
outpatient patient outcomes.     
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          Introduction 

 Most principles of burn care useful in the man-
agement of adults are equally applicable in pedi-
atric patients. However, there are a number of 
important differences.  The   objective of this chap-
ter is to detail the physiologic and anatomic dif-
ferences that impact burn care and the practical 
technical differences that follow.  

     Epidemiology and Mechanisms   

 The mechanism of burn injury varies signifi -
cantly with age and socioeconomic state. Young 
children are particularly vulnerable, with most 
being injured by scald in bathing and cooking 
accidents. In lower-income countries, scald inju-
ries still predominate in young  children, but 
  fl ame burns are more common as are electrical 
injuries in older children [ 1 ,  2 ]. Young children 
are particularly prone to injury where open fi res 
are in use ([ 3 ] and Fig.  13.1 ).

       Organization of Burn Care 

 Like most complex surgical problems, burns are 
most cost-effectively managed in dedicated pro-
grams [ 4 ]. The American Burn Association burn 
center transfer criteria include recommendations 
that all children with full-thickness components 
over 10 % of the body surface are transferred to a 
burn center [ 5 ]. Recent data has clearly demon-
strated that survival is improved for burned chil-
dren if they are managed in higher volume 
 pediatric burn programs   [ 6 ]. For individual chil-
dren, burn care is a highly organized process going 
from resuscitation through reintegration that can 
be described in four distinct clinical phases [ 7 ]. A 
publically available set of clinical practice guide-
lines for burn care has been disseminated by the 
American military and has specifi c recommenda-
tions for initial pediatric care [ 8 ].  

    Burn  Physiology   

 Burns are associated with both local injury and 
systemic response. When injury size is small, 
less than about 10 % of the body surface, the sys-
temic effects are minimal. As burns become 
larger, the systemic effects can become quite pro-
found and become a major clinical consideration. 
These issues apply to both adults and children, 
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but in infants and small children the clinical 
implications can be particularly important. 

    Local Response to Burning 

 The  local response   to burning involves both 
direct coagulation of tissue and surrounding 
microvascular vasoconstriction and thrombo-
sis [ 9 ]. Progression of this microvascular 
injury commonly results in burns appearing 
initially more superfi cial than they ultimately 
will be (Fig.  13.2a, b ). This progression is not 
always predictable with accuracy, even by 

experienced clinicians. This phenomenon is 
particularly common in young children with 
scald burns, the wounds appearing more super-
fi cial initially. Considering the possibility of 
burns appearing deeper after 3–5 days is 
important in children with scald burns. A num-
ber of devices have been introduced into  clini-
cal   practice to help with early determination of 
burn depth [ 10 ], but none have proven entirely 
accurate nor have been universally adopted. 
Hypotension and hypothermia will compro-
mise microvascular fl ow and may increase 
wound depth, so should be avoided during 
early care [ 11 ].

  Fig. 13.1    Young children are 
susceptible to injury when open 
cooking methods are used. Coals in 
extinguished cooking fi res can remain 
hot for days       

  Fig. 13.2    Progression of  microvascular injury   can be 
clinically important, resulting in burns initially appearing 
more superfi cial than they ultimately will be. In this case, 

the difference in apparent burn depth between day 1  (a)  
and day 7  (b)  was clinically important. This progression is 
not always easy to predict, even by experienced clinicians       
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       Systemic Response to Burning 

 The systemic response to burning is driven by a 
combination of neurohormonal changes, fl uid 
losses across wounds, local colonization and sys-
temic infection, hypoprotinemia, and wound 
colonization and infection [ 12 ]. The clinical con-
sequences of these changes can be particularly 
exaggerated in young children, with some chil-
dren suffering larger scald burns developing  sys-
temic infl ammation   and organ failures in the 
absence of sepsis. During the fi rst 72 h, a relative 
hypodynamic state is common, with a decrease in 
cardiac output and metabolic rate [ 13 ]. In suc-
cessfully resuscitated children, a sustained hyper-
metabolic response follows, This is characterized 
by a near doubling of cardiac output and resting 
energy expenditure. The magnitude of this 
response peaks in patients with injuries of 60 % 
or more of the body surface at as high as twice 
the normal basal metabolic rate [ 14 ]. The hyper-
metabolic response includes enhanced gluconeo-
genesis, insulin resistance, and increased protein 
catabolism. This catabolic state is particularly 
detrimental in children and requires nutritional 
monitoring and support [ 15 ]. Usual nutritional 
targets are 150 % of normal caloric and protein 
needs. There is a rich history of metabolic 
research in direct interventions to eliminate 
adverse components of hypermetabolic physiol-
ogy, particularly protein catabolism.  Beta- 
adrenergic agonists   and antagonists, non-steroidal 
anti-infl ammatory agents, recombinant growth 
hormone, insulin-like growth factor-1, and ana-
bolic steroids have all been trialed in recent 
decades to modify this physiology in children 
[ 16 ]. The appropriate role of these substances is a 
controversial area in the fi eld.  

    Unique Pediatric Anatomic 
and Physiologic Issues 

 Particularly important  anatomic and physiologic 
differences   between adults and children are high-
lighted in Table  13.1  [ 17 ]. The much smaller 
pediatric upper airway is rapidly occluded by 
progressive edema, which may prompt earlier 
intubation in small children. Children should be 

closely monitored for the development of stridor 
and retractions. The trachea of infant and young 
child is short, making mainstem intubation com-
mon. Bronchospasm is a frequent issue for young 
children after inhalation injury, but usually 
responds to inhaled beta-agonists. Infants have 
less mature renal concentrating ability and may 
require more fl uid per unit body weight than pre-
dicted by common formulas for successful resus-
citation [ 18 ]. It is relatively easy for fl uid overload 
to occur in young children which should be pre-
vented by cautious fl uid support.  Hypotonic fl u-
ids   should be used with caution because young 
children are susceptible to cerebral edema if they 
become hyponatremic. Children have higher 
energy needs per unit body weight and rapidly go 
into negative nitrogen balance when starved, 
highlighting the importance of early nutritional 

   Table 13.1    Important anatomic  and physiologic consid-
erations in children     

 • The child’s upper airway is smaller and more 
rapidly occluded by edema 

 • The child’s trachea is short (7 cm in infants), 
making mainstem intubation more common 

 • Signifi cant bronchospasm is more commonly 
following inhalation injury 

 • Infants have less mature renal concentrating ability 

 • Young children are more easily inadvertently 
fl uid-loaded 

 • Younger children seem more prone to 
hyponatremia with secondary cerebral edema 

 • Children have higher energy needs per unit body 
weight 

 • Hypermetabolic children tolerate long periods of 
inadequate nutrition poorly 

 • The larger surface area to body weight ratio makes 
temperature control more diffi cult 

 • Children have thinner skin than adults 
complicating burn healing and donor harvesting 

 • Children have smaller vessels than adults 
complicating vascular access 

 • Children grow and will frequently outgrow good 
initial surgical results 

 • Children seem to form  hypertrophic   scar with 
greater intensity 

 • Pain and anxiety can be more diffi cult to access 
and manage 

 • School age children have schooling needs 

 • A child’s recovery is strongly impacted by family 
dynamics 
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support. The child’s large surface area to mass 
ratio makes temperature control a constant issue 
(Fig.  13.3 ). Children have thinner skin than 
adults, making mid-depth burns more likely to 
require surgical care and requiring greater skill 
with procurement of split-thickness grafts. 
Children have smaller vessels than adults com-
plicating maintenance of vascular access. After 
initial care, children will grow and often very 
often need staged surgical revisions to optimize 
function and appearance. They have unique psy-
chosocial and school reentry needs. Family 
dynamics play an important role in pediatric 
injury recovery [ 19 ,  20 ]. Family support is an 
important part of recovery planning.

         Initial Evaluation and Management 

 The  initial care   of children with burns follows 
outlines presented elsewhere in this book. 
What follows are some of the unique consider-
ations that apply to children who have been 
injured. 

     Primary Survey   

 Burned children should be initially approached 
as potential multiple trauma patients [ 21 ], fol-
lowing the guidelines of the Advanced Trauma 

Life Support Course [ 22 ]. Security of the airway 
is the highest priority issue during the initial eval-
uation. Fortunately, in most circumstances, air-
way access is not urgently needed, which allows 
for a thoughtful collaborative approach to air-
way evaluation, initial control, and maintenance 
(Fig.  13.4 ). A history of inhalation injury alone 
does not mandate intubation in otherwise stable 
children. Those who demonstrate progressive 
stridor, hoarseness, and/or retractions, or those 
obtunded from drugs, alcohol, trauma, or shock, 
should be intubated. Maintaining security of the 
endotracheal tube is critical and can be effected 
with a tie-harness or other device (Fig.  13.5 ). 
 Cuffed   endotracheal tubes should be used in all 
children [ 23 ]. Secure vascular access is required 
to safely transport and manage children with sig-
nifi cant burns safe management. The intraosse-
ous route is a good option if peripheral or central 
venous access cannot be reliably obtained, which 
is a particularly common problem in hypotensive 
young children. Placing intravenous or intraosse-
ous lines through burns is acceptable initially, as 
wounds will be clean until colonized in the suc-
ceeding days (Fig.  13.6 ).

         Burn-Specifi c Secondary Survey 

 A secondary survey is part of the evaluation of 
all injured patients. There are some issues unique 

  Fig. 13.3    There are a number of 
clinically important anatomic and 
physiologic differences between 
adults and children which have 
practical impact on therapeutic 
planning. Among these is that child’s 
large surface area to mass ratio makes 
temperature control a constant issue       
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to burn-injured children that should be consid-
ered [ 24 ]. 

 From a neurologic perspective, history and 
examination should be thorough as especially 
younger children cannot express themselves 

verbally.  Those   with larger injuries are frequently 
alert initially, but may become obtunded in the 
following hours because of pain medications 
required for management. If injury mechanism is 
consistent with possible head trauma, it is impor-
tant to exclude intracranial injury by exam and/or 
imaging. Pain and anxiety control are important, 
but should be addressed cautiously with incre-
mental small intravenous doses of analgesics and 
anxiolytics to prevent overmedication. Hypotonic 
fl uids should be avoided during resuscitation to 
prevent hyponatremia with cerebral edema and 
seizures [ 25 ]. 

 Initial otolaryngologic priorities are usually 
limited to documentation and management of 
corneal burns, treatment of external ear burns, 
and evaluation for intraocular hypertension sec-
ondary to retrobulbar edema. Deep corneal stro-
mal burns are usually obvious by a clouded 
appearance. Corneal epithelial injury can be 
more subtle and only seen after fl uorescein 
staining or slit-lamp examination. Alert older 
children will usually complain of signifi cant 
pain and sensation of foreign body. This exam is 
best completed before eyelid edema makes a 
quality examination diffi cult. Initial manage-
ment is application of viscous ophthalmic oint-
ments. Untreated corneal burns can lead to 
desiccation, super-infection, and globe perfora-
tion (Fig.  13.7 ). Retrobulbar edema in the pres-
ence of non-elastic facial burns can result in 

  Fig. 13.4    Fortunately, in most 
circumstances, airway access is not 
urgently needed, which allows for a 
thoughtful collaborative approach to 
airway evaluation, initial control, and 
maintenance       

  Fig. 13.5    Maintaining security of the  endotracheal tube   
is critical. This can be effectively done with a tie-harness 
or other device       
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secondary increased intraocular pressure and 
reduced retinal blood fl ow [ 26 ,  27 ]. This can be 
documented by tonometry and treated with bed-
side lateral canthotomy (Fig.  13.8 ). Deep burns 
of the external ear can be complicated by sup-
purative chondritis which will deform the ear. 
This complication is reduced with application of 
mafenide acetate [ 28 ]. Pressure on the burned 
ear should be avoided (Fig.  13.9 ).

     In addition to the usual trauma issues, signifi -
cantly decreased chest wall compliance can be 
caused by edema beneath near-circumferential 
eschar. This can sharply limit ventilation, par-
ticularly in non-intubated small children with 
their compliant chest walls. It can  be   markedly 

improved with chest and abdominal escharot-
omy. The diagnosis of inhalation injury in chil-
dren is usually made by a history of closed-space 
exposure and physical examination demonstrat-
ing soot in the oropharynx. Bronchospasm is 
common in children with inhalation injury and 
generally responds well to inhaled beta-agonists. 

 In children, initial evaluation of the abdomen 
for non-burn trauma is done using standard 
ATLS protocols. Gastoduodenal ulcer prophy-
laxis is ensured with histamine-receptor blockers 
or proton pump inhibitors. Torso compliance is 
enhanced with liberal escharotomies when indi-
cated. Children seem to be at particular risk for 
the complications of reduced torso compliance 

  Fig. 13.7     Corneal ulceration   can 
follow corneal burns or corneal 
exposure and can result in globe 
perforation and loss. Prevention of 
globe desiccation is essential and can 
generally be affected with frequent 
application of ophthalmic lubricants       

  Fig. 13.6    Intraosseous lines are a 
good option when peripheral or 
central vascular access cannot be 
achieved for initial care. Initial 
placement through burns is acceptable       
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from near circumferential burns, which interferes 
with ventilation and occasionally causes abdomi-
nal compartment syndrome with hypotension, 

oliguria, and reduced ventilation [ 29 ]. Most 
patients respond to simple escharotomy. Rarely, 
abdominal decompression is required, typically 
in children with large burns who have received 
massive crystalloid resuscitation. Sometimes this 
is mostly peritoneal fl uid which can be aspirated 
using ultrasound guidance. In other patients, the 
problem is visceral edema which responds to 
decompressive laparotomy. Ultrasound can be 
used to differentiate these two situations. 

 Immediate genitourinary priorities for chil-
dren are usually limited to ensuring the foreskin 
is reduced over a bladder catheter to prevent dif-
fi cult paraphimosis as soft tissue edema pro-
gresses and identifi cation and management of 
pigmenturia in the presence of very deep thermal 
burns, high-voltage injury, crush injury, or com-
partment syndrome. Pigmented urine can gener-
ally be cleared with monitored volume 
administration. Intravenous bicarbonate can 
alkalinize the urine and facilitate pigment clear-
ance. Rarely, mannitol or loop diuretics are 
needed. 

 Immediate musculoskeletal priorities include 
evaluating for non-burn trauma and ensuring dis-
tal perfusion. Non-burn trauma is excluded using 
usual physical examination and ATLS protocols. 
Extremity perfusion can be sharply reduced by 
edema beneath inelastic eschar or within muscle 
compartments with secondary ischemia, periph-
eral nerve injury, and tissue necrosis. This situa-

  Fig. 13.8    Retrobulbar edema with 
deep facial burns can cause vision- 
threatening intraocular hypertension. 
When documented, it can be treated 
with lateral canthotomy       

  Fig. 13.9    Deep burns of the external ear such as pictured 
here initially require gentle debridement, removal of all 
jewelry, avoidance of pressure from bandages or tube 
securing tapes, and application of topical mafenide ace-
tate cream       
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tion can be missed in children as they are less 
able to communicate the pain associated with tis-
sue ischemia.    Early identifi cation of soft tissue 
ischemia is possible by identifi cation and moni-
toring of extremities at risk through the resuscita-
tion period. Extremities at risk of ischemia should 
be dressed to facilitate frequent examination and 
frequently assessed for temperature, pliability, 
voluntary motion, pain with passive motion, dop-
pler signals, and oxygen saturation. Compartment 
pressure measurements are often impractical 
because of overlying wounds. 

 Laboratory and radiographic information are 
of limited utility in the early evaluation and mon-
itoring of burned children. The mechanism of 
injury and need to access central line placement 
will drive radiographic needs. Laboratory studies 
immediately useful include arterial blood gas 
analysis for pH, base defi cit, oxygenation, venti-
lation, and carboxyohemoglobin levels.  

    Initial Wound Evaluation: Burn Size 
and Depth 

 An accurate determination of  wound size and 
depth   (as a proxy for ability to heal) is the corner-
stone of therapeutic decision making for pediatric 
burns. There is only a rough correlation between 
the physical depth of a burn and its propensity to 
heal. Burn depth is often underestimated on initial 
examination because microvascular thrombosis at 
the periphery of many wounds results in deepen-
ing over the days following injury. This assess-
ment is particularly diffi cult in young children as 
their skin is inherently thin with fewer append-
ages and consequently a lesser ability to repopu-
late lost epithelium. Careful serial examination by 
an experienced examiner remains the most reli-
able method. Serial examination can be supple-
mented with a number of tools, such as the 
scanning laser doppler [ 10 ]. Determination of a 
burn’s ability to heal is one of the most diffi cult 
and important decisions in caring for young chil-
dren with mixed-depth injuries, such as scalds. 
Burn size is also more diffi cult to determine in 
children because body proportions change with 
age. For areas of irregular or non-confl uent area 

burns, the palmar surface of the patient's hand 
represents approximately 1 % of their body sur-
face [ 30 ]. The pediatric “rule-of-nines” or anthro-
pometric charts can be useful in determining 
burned surface area (Fig.  13.10a, b ). 
Circumferential, or near circumferential, compo-
nents should be noted because they represent 
areas where special monitoring, and sometimes 
decompression, are needed.

   Finally, the possibility of abuse and neglect 
must be considered during all pediatric burn eval-
uations. Delayed presentation for care, inconsis-
tent stories, and prior engagement with state 
social services should prompt concern. Worrisome 
wounds include fl exor sparing,    immersion pat-

  Fig. 13.10     (a)  The “ Rule-of-Nine”   can be used to rapidly 
estimate the extent of burn in both adults and children . (b)  
The Lund-Browder diagram is useful to accurately record 
the extent of burn         
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terns, and contact burns (Fig.  13.11 ). Whenever 
these concerns arise, children should be admitted 
for safety and state social services alerted. A 
detailed non-judgmental history should be docu-
mented and wound photographs taken [ 31 ].

        Initial Wound Care 

 Initial wound care in children does not differ 
greatly from that advised for adults as described 
elsewhere in this book. Initial wound cleansing 
and debridement may require some anxiolytic 
support as young children will not understand the 
need for these procedures. If wounds are large, 
judicious use of ketamine may be useful. 
Prolonged wound exposure should be avoided as 
hypothermia is more common in young children 
with their larger surface area to mass ratio. If in 
doubt about the child’s immunization status, 
active and passive immunization should be 
administered. This is particularly true if burns are 
large, deep, or contaminated. 

    Decompression Procedures: 
Escharotomies and Fasciotomies 

 Peripheral nerve ischemia and even muscle 
necrosis can be caused by edema beneath inelas-

tic near-circumferential eschar or within muscle 
compartments. Early signs and symptoms are 
easy to miss in pediatric patients, particularly 
pre-verbal young children. Early identifi cation of 
extremities at risk, a high index of suspicion, and 
frequent reassessment will facilitate timely 
 decompression      and minimize occurrence of these 
complications. Escharotomies are described else-
where in this book. In intubated children, they 
can be performed at the bedside using intrave-
nous sedation and coagulating electrocautery. In 
children not requiring intensive care, escharoto-
mies can be done under ketamine sedation or in 
the operating room. Fasciotomies, also described 
elsewere in this book, should ideally be done in 
the operating room as the anatomy is more com-
plex, although in unstable patients  they      can be 
done in the intensive care unit.  

    Fluid Resuscitation 

  Burn physiology   and fl uid resuscitation have 
been covered elsewhere in this book. However, 
certain aspects are unique or exaggerated in chil-
dren [ 32 ]. Perhaps the most important principle 
is that no two children are alike in their resusci-
tation needs. Small errors in volume cause 
greater morbidity in small patients. No formula 
can replace a conscientious bedside presence 

  Fig. 13.11    In young children, the 
possibility of abuse must always be 
considered. This burn pattern 
demonstrates circumferential scalding 
with sharply demarcated margins 
which is potentially suspicious       
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adjusting infusions to the individual needs of a 
burned child. 

 Most children with burns involving less than 
15 % of the body surface do not develop a diffuse 
capillary leak and do not require resuscitation. 
Children with burns in this size range can be 
managed with fl uid administered at 150 % of a 
calculated maintenance rate by the oral and/or 
intravenous route with close observation of the 
status of their hydration by weighing diapers and 
examining mucosal surfaces. Children with 
larger injuries will require resuscitation as 
described elsewhere in this book. Colloid is being 
more liberally used in recent years by many 
experienced burn care providers. Acknowledging 
the active controversy in this area, it is the routine 
practice of this author to begin colloid (5 % albu-
min) immediately at a maintenance rate in 
patients with burns over 30 % BSA, subtracting 
this amount from the  crystalloid   calculated for 
resuscitation. In patients with burns over 50 %, 
twice maintenance administration of 5 % albu-
min is administered. Although expert opinion 
remains divided regarding the timing and amount 
of colloid use in pediatric burn resuscitation, this 
author’s personal belief is that early administra-
tion of colloid is associated with substantial 
decreased overall volume requirements and 
reduced morbidity from edema. 

 The particular resuscitation formula one 
chooses is nearly irrelevant to the quality of the 
resuscitation. The key element of resuscitation 
quality is vigilant bedside monitoring and adjust-
ment of  infusions   based on resuscitation end-
points. Pediatric resuscitation endpoints are 
itemized in Table  13.2 . The rate of infusion 

required will vary with the patient’s weight, the 
size of the burn, the interval from injury to initia-
tion of resuscitation, the depth of the injury, the 
vapor transmission characteristics of the particu-
lar wound, the presence of associated injuries, 
and the presence or absence of inhalation injury. 
Given all of these variables, it is  not possible to 
accurately predict the fl uid requirements of any 
individual with an acceptable degree of accuracy. 
This inherent inaccuracy of all fl uid resuscitation 
formulas poses an increasing danger as body size 
decreases and burn size increases. In children, 
fl uid resuscitation formulas are only useful to 
estimate the initial infusion rate. Infusions should 
be reassessed at least hourly and infusion rates 
increased or decreased in 10–20 % increments as 
indicated by endpoints.

    Electrolyte monitoring and control   is impor-
tant in children with large burns. Serum electro-
lytes tend to mimic Lactated Ringers solution 
during the fi rst 24 h because infusion rates are 
so high. Most patients will require approxi-
mately 150 % of a maintenance rate at 24 h, and 
at this point, electrolyte fl ux across the wound 
will have an increasingly important impact on 
serum electrolytes. Wounds treated with non-
aqueous topical agents (such as silver sulfadia-
zine) generate a free water requirement, causing 
hypernatremia. This can be addressed with 
intravenous 5 % dextrose or enteral free water. 
In addition to the discomfort of extreme thirst, 
hypernatremia can cause adverse central ner-
vous system effects, including intracranial 
bleeding, and should be avoided. Less com-
monly, wounds are treated with dilute aqueous 
topical agents (such as 5 % silver nitrate solu-
tion), which can be associated with electrolyte 
leeching and secondary hyponatremia that can 
be addressed with isotonic crystalloid and addi-
tional salt in enteral feedings. Cerebral edema 
and seizures can occur with severe hyponatre-
mia [ 32 ]. Overly rapid correction of this hypo-
natremia may result in central pontine 
demyelinating lesions [ 33 ]. Serum potassium, 
ionized calcium, and magnesium should also be 
monitored in patients with larger injuries, as 
supplementation is commonly required to main-
tain normal levels. 

   Table 13.2    Pediatric  burn resuscitation endpoints     

 •  Sensorium : arouseable and comfortable 

 •  Peripheral Temperature : warm peripherally 

 •  Systolic Blood Pressure : for infants, 60 mmHg 
systolic, for older children, 70–90 plus two times 
age in years in mmHg, for adults  mean   arterial 
pressure over 60 mmHg 

 •  Pulse : 80–180 per minute (age-dependent) 

 •  Urine Output : 0.5–1 cc per kg per hour (glucose 
negative) 

 •  Base Defi cit : less than 2 
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 Resuscitation volume needs are increased by 
inhalation injury, delay in resuscitation, and 
unusually deep burns. Very small children may 
have reduced renal concentrating abilities and 
may require slightly more fl uid per unit body 
weight than older children and adults. However, 
these same patients are frequently fl uid- 
overloaded by artifi cially setting urine output tar-
gets of 2 cc/kg/h. Even in infants, 1 cc/kg/h 
generally suffi ces as a resuscitation endpoint. 
Over-resuscitation is more commonly seen as a 
complication of burn resuscitation than under- 
resuscitation. Both are associated with signifi cant 
 morbidity  . Even in well-controlled resuscitations, 
total extra vascular water increases with the 
potential for limb-threatening ischemia in areas of 
circumferential eschar, hampered ventilation if 
there is circumferential torso burn, and elevations 
of compartment pressure in those with high volt-
age injuries or very deep extremity thermal burns. 

Monitoring for development of these problems is 
a priority during any burn resuscitation. In suc-
cessful resuscitations, capillary integrity normal-
izes in 18–24 h. With hourly adjustment of volume 
infusions in response to urine output and other 
endpoints, infusion rates are generally in the 
range of 150 % of a maintenance rate at 24 h. 

 In remote, austere, or disaster settings, enteral 
burn resuscitation is a viable option to intravenous 
resuscitation of children. Although exact electro-
lyte content is debated, most authorities agree that 
the  World Health Organization Oral Resuscitation 
Formula (WHO ORS)   provides for the needs of 
most patients and is supported by signifi cant clini-
cal data [ 34 ]. Enteral burn resuscitation  volume 
and rate   can be calculated similar to intravenous 
resuscitation. The fl uid can be delivered by gastric 
tube infusion or by frequent coached ingestion 

  Fig. 13.12    An increasing variety of  silver-releasing off- 
the- shelf dressings   are available for burn care. All have 
been used to very good effect in the outpatient manage-
ment of smaller partial-thickness burns. They will play an 
increasing role in the initial care of third-degree burns and 
in the defi nitive care  of    second-degree burns       

   Table 13.3    Elements of a successful pediatric burn  out-
patient program     

  Patient selection  

 • Airway is not threatened 

 • Monitored fl uid resuscitation is not required 

 • The patient can eat and drink 

 • Community and/or family support is adequate for 
monitoring, wound care, and transportation 

 • The patient and/or family can verbalize 
understanding of the care plan 

 • There is no suspicion of abuse 

 • The wound does  not   unequivocally require surgery 

  Techniques of wound care  

 • Initial debridement of loose tissue 

 • Blisters should generally be debrided unless thick 
and intact 

 • Initial topical care or application of silver-releasing 
membrane 

 • Specifi c re-inspection of the wound at 24–72 h is 
planned 

 • Family and/or patient is taught cleansing and 
topical care plan 

 • A pain control plan is developed minimizing 
narcotic use 

 • Specifi c early return for hospitalization conditions 
are elaborated and understood 

 • Follow-up clinic visits are scheduled and tracked 

 • Long-term follow-up is arranged 

 • Liberal consultation to  inpatient   component of 
burn program 
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orally. Resuscitation endpoints are similar to intra-
venous resuscitation, most important in the austere 
setting being serial physical examination, vital 
signs, and monitoring of urine output.   

    Outpatient Care of Small Burns 

 The large majority of children with burns are 
managed as outpatients. Even children who 
require surgery will have signifi cant parts of their 
course delivered in the outpatient setting. An 
increasing variety of  silver-releasing dressings   
are available to facilitate outpatient burn care by 
decreasing the frequency of dressing changes 
(Fig.  13.12 ). All have been used to very good 
effect in the outpatient management of smaller 
partial-thickness burns. Most successful burn 
programs have developed programs with a seam-
less interface between the inpatient and outpa-
tient setting and nearly continuous access to an 
outpatient team [ 35 ,  36 ].

      Patient Selection 

 The most critical component of successful outpa-
tient care is prudent patient selection (Table 
 13.3 ). The mechanism should be clear with no 
concern for coincident trauma or abuse. The air-
way should be unequivocally stable. The burn 
should be small enough that a formal  fl uid   resus-
citation is not needed. The child should be able to 
take fl uid by mouth. Deep partial thickness burns 
of critical areas may not be optimally managed as 
outpatients initially until their true depth is clear. 
The child’s family should be able to provide for 
wound care, monitoring, transport, pain control, 
and general care needs. Children with circumfer-
ential wounds with risks of sub-eschar ischemia 
should be admitted for monitoring until edema 
resolves. If pain cannot be adequately managed 
with  judicious   doses of narcotics, an initial inpa-
tient stay is usually advisable. Deep wounds that 
obviously need surgery are best addressed early 
on, without a prolonged outpatient prelude. In 
many cases, availability of daily clinic visits will 
obviate the need for an inpatient care plan.

        Techniques   of Outpatient Care 

 General characteristics of a successful outpatient 
plan include (1) patient and family teaching, (2) 
wound cleansing and topical care, (3) pain con-
trol, (4) support services, (5) specifi c hospitaliza-
tion conditions, (6) follow-up clinic visits, and 
(7) long-term follow-up. Initially, wounds should 
be gently cleansed using clean (not sterile) tech-
nique. Blister material is generally best removed 
unless blisters are intact and thick and ongoing 
frequent follow-up will be possible. There are 
innumerable specifi c methods of caring for small 
burn wounds, but certain principles are universal. 
Wounds should be kept generally clean with 
periodic inspection and removal of accumulated 
fi brinous debris and desiccated topical agent. 
Most small burns can be gently cleansed with 
clean lukewarm tap water and a bland soap. 
Parents and older children should be instructed in 
the signs of infection and told to return immedi-
ately should they occur (fever, erythema, swell-
ing, drainage, malaise). Reasonable burn 
dressings prevent wound desiccation, decrease 
pain, reduce the incidence of wound coloniza-
tion, and minimize physical trauma to the wound. 
Topical antimicrobials under gauze are com-
monly used to provide these functions, but the 
promulgation of silver releasing dressings of 
many types has changed the outpatient paradigm, 
allowing for less frequent dressing changes. 
Alternatively, there are many reasonable topical 
antibiotic containing agents in viscous carriers 
available that can be combined with clean gauze 
to provide quite similar benefi ts. In the vast 
majority of patients, adequate pain control is 
affected with judicious use of oral narcotics and 
over-the-counter non-narcotic analgesics. 
Elevation greatly facilitates pain control. 
Providing ready access to 24-h follow-up is an 
essential part of a successful outpatient program.   

    Defi nitive Care of Large Burns 

 Most children with large burns will be managed 
in verifi ed pediatric burn centers as this is associ-
ated with improved survival [ 6 ]. Operative and 
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critical  care strategies   are similar to those 
described elsewhere for adult patients, but certain 
aspects of pediatric management are worthy of 
emphasis. 

    Initial  Excision and Biologic Coverage   

 Wound excision and biologic closure prior to the 
inevitable development of wound sepsis sharply 
truncates systemic infection and infl ammation. 
Excision of deep burns is ideally completed in 
the fi rst few days after injury and the resulting 
wounds closed with a combination of temporary 
biologic membranes, such as human allograft, 
and defi nitive split-thickness autografts [ 37 ]. In 
children, intraoperative hypothermia can develop 
quickly given the child’s higher body surface 
area to mass ratio and often lesser subcutaneous 
fat layer. This must be prevented to avoid adverse 
impact on hemodynamics and coagulation. 
Although warming blankets, warmed intrave-
nous and irrigating fl uids, and hot-air pads should 
be used, heating of the operating room itself is 
the most effective way to maintain intraoperative 
euthermia. 

 Children are particularly vulnerable to hypo-
volemia given their lesser blood volume (approx-
imately 80 cc/kg of body weight). It is critically 
important that hemostatic techniques of wound 
excision are used when operating on children 
[ 38 ]. As described elsewhere in this textbook, 
dilute epinephrine clysis should be used during 
torso excisions and extremity exsanguination 
with proximal tourniquet infl ation used for 
extremity excisions. Fascial excisions should 
rarely be required and can be done with minimal 
blood loss using traction and coagulating electro-
cautery. Constant communication between the 
anesthesia and surgical teams will minimize the 
occurrence of intraoperative hypothermia and 
hypovolemia.  

    Pediatric Burn Critical Care Issues 

 A pediatric  critical care capability   should be a part 
of all pediatric burn programs. Organizationally, 

this can be done in two ways. Most commonly 
and perhaps most cost- effectively, the surgical 
team managing the wound is also managing the 
critical care in dedicated burn-trauma intensive 
care units. This facilitates communication and 
coordination between surgeons, nurses, rehabili-
tation therapists, psychologists, anesthesiolo-
gists, child life therapists, pediatricians, and other 
members of the burn team. The alternative is to 
provide critical care in a dedicated area of a gen-
eral pediatric intensive care unit, taking great 
pains to ensure absolutely seamless fl ow of infor-
mation between the surgical and critical care 
teams. Ensuring engaged collaborative manage-
ment is diffi cult, but can be done.     Common burn 
critical care issues are described elsewhere in this 
textbook. However, seriously burned children 
present the critical care team with a few unique 
but predicable issues that are highlighted here. 

  Endotracheal tube security   is more diffi cult to 
maintain in small children with their short tra-
chea and should be frequently reevaluated in all 
intubated children in the burn ICU, because facial 
and hypopharyngeal edema can make reintuba-
tion after unplanned extubation incredibly diffi -
cult. While multiple methods exist to secure 
tubes in children, a tie-harness system as illus-
trated in Fig.  13.5  has proven effective. Some 
authors advocate early tracheostomy for children 
requiring intubation [ 39 ], but protracted airway 
control via transoral intubation is also associated 
with good outcomes and avoids the short and 
long-term complications of tracheostomy [ 40 ]. 
This is one of many aspects of care that is 
program-dependent. 

 Adequate control of pain and anxiety is very 
diffi cult in children with serious burns. Opiate 
and benzodiazepine tachyphylaxis is common 
and dose escalation often required. Successful 
management is greatly aided by the use of 
program- specifi c guidelines [ 41 ]. Guidelines 
seem most effective when they use a limited for-
mulary and emphasize dose ranging based on 
regular objective assessment of effi cacy. 
Attention to the issue has physiologic as well as 
the psychological benefi ts. Reduced secretion of 
catecholamines may decrease systemic hyperme-
tabolism, and treatment-related acute stress is 
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reduced. If dose of benzodiazepines and opiates 
are excessive, a number of alternative drugs have 
proven useful, particularly dexmetatomidine, 
which is not a respiratory depressant and has 
proven particularly valuable during weaning and 
extubation [ 42 ]. Sleep regulation is also an 
important component of care of critically ill chil-
dren with several practical environmental and 
useful pharmacologic adjuncts, including cyclic 
quiet and melatonin [ 43 ]. 

 Young children do not communicate nor 
localize pain easily. Peripheral nerve injury due 
to compression or pressure may occur unless 
extremities at risk for compression are closely 
monitored and promptly decompressed and ban-
dages and splints regularly examined for pressure 
points as edema waxes and wanes. 

 Nutritional support of children is complicated 
by their high metabolic rate [ 44 ]. Periods of 
 fasting result in negative nitrogen balance 
quickly. Both underfeeding and overfeeding 
have adverse sequelae. Ideally, tube feedings are 
begun during resuscitation. Most children do 
well with continuous intragastric tube feedings. 
In children requiring resuscitation or vasopressor 
support, enteral nutritional support can be started 
through a nasogastric sump tube so that gastric 
residuals can be used to help determine feeding. 
Parenteral support is useful during periods when 
ileus is likely, such as during septic episodes or 
periods when high-dose vasopressor support is 
needed, or during the perioperative period. 
Transient parenteral support can be particularly 
important in hypermetabolic young children who 
are very catabolic and do not tolerate prolonged 
periods of fasting [ 45 ]. Consensus recommenda-
tions for support include approximately 2–2.5 g/
kg/day of protein and a caloric load between 1.5 
and 1.7 times a calculated basal metabolic rate or 
1.3–1.5 times a measured (by indirect calorime-
try) resting energy expenditure [ 15 ]. The role of 
anabolic agents in burned children has been an 
area of controversy for two decades. Currently, 
 many    programs advise use of anabolic steroids 
in particularly nutritionally depleted children, 
watching carefully for hepatic complications 
[ 46 ]. Serial physical examination, body weight, 
quality of wound healing, nitrogen balance, and 

indirect calorimetry can be integrated to assess 
the adequacy of support and help fi ne-tune the 
predictions of nutritional equations. 

 Finally, as described elsewhere in this text-
book, infectious disease issues are similar in 
burned children and adults. However, young 
children have a propensity to develop high fever, 
even in the absence of systemic infection. At 
times, it can be diffi cult to know if a child with a 
high fever is infected or not [ 47 ]. At such times, 
physical examination of the child and wounds 
will guide initial therapy [ 48 ]. If children are 
hypotensive or lethargic or show obvious signs 
of infection on physical examination, cultures 
should be taken and broad spectrum antibiotics 
started. Culture results will guide subsequent 
therapy. In the absence of these fi ndings, very 
close monitoring is appropriate.  

    Reconstruction and  Reintegration   

 Children recovering from even massive burns 
can achieve a very high quality of life, but this 
requires long-term participation in a burn after-
care program to facilitate optimal function, 
appearance, and emotional health [ 49 ]. Children 
are offered a variety  of   functional and aesthetic 
reconstructive operations and associated rehabil-
itation and scar management programs. Integrated 
family support may be of value [ 19 ]. Efforts are 
made to address emotional needs with the objec-
tive of returning even seriously injured patients 
to a satisfying and productive life. A cohesive 
multidisciplinary burn team, so critical to suc-
cessful acute care of seriously injured children, is 
equally essential to optimizing their long-term 
physical and emotional outcomes [ 50 ].      
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          Introduction 

 People are living longer, and with the persistence 
of the Baby Boomers, the population is shifting 
so that the elderly will soon be the dominant 
group. It has been estimated that, in 2050, one 
third of the population will be greater than 55 
year [ 1 ]. Therefore, caregivers must know how to 
manage the medical issues that are specifi c for 
the elderly. In the past, an elderly patient with a 
sizeable burn was considered to have an unsur-
vivable injury so that we were provided comfort 
care and were allowed to die without resuscita-
tion. While there is increased mortality with 
advancing age, more geriatric patients are surviv-
ing and living meaningful lives after injury. There 
are two main issues with the elderly that are 
important for the burn caregiver: anatomic 
changes that occur with aging and the gradual 
loss of  reserv  e. This chapter will describe the 
changes in the skin, the changes in organ function 
that affect metabolic reserve, and fi nally burns 
that are typical for the aging population.  

    Skin Changes with Aging 

 There are obvious changes that occur in the skin 
with aging [ 2 – 8 ]. These changes can be catego-
rized into “ intrinsic ” and “ extrinsic ” factors. 
  Intrinsic factors    are the changes that occur in 
everyone with aging, no matter how hard they try 
to resist them. The aging processes can be accel-
erated by  extrinsic  behaviors and environmental 
factors. The most renowned extrinsic factor is 
exposure to ultraviolet light, but other destructive 
behaviors may contribute to accelerate aging in 
the skin. The metaphor is that it is  not just the 
years but also the miles  that contribute to aging 
changes. People who are chronically exposed to 
the sun or severe cold or have chronic alcohol/
drug (especially methamphetamine) abuse tend 
to accelerate the aging of skin. 

 The  intrinsic  changes of skin are well-known 
to the general public (and are major money mak-
ers for those companies selling anti-aging prod-
ucts). Normally, the epithelium thins with aging, 
but with excessive sun exposure the opposite can 
happen. The epithelial–dermal junction fl attens 
out as rete pegs become less prominent, which 
predisposes the skin to blistering. The number of 
skin adnexa decreases so that as oil and sebaceous 
glands decrease the skin tends to be dryer and 
more prone to cracking. A signifi cant issue for 
burns is that the density of hair follicles decreases. 
Since the healing of partial-thickness burns 
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depends on the density of hair follicles (and other 
skin adnexa), this decrease in adnexal density 
delays epithelial healing. Clearly, there is an 
increased risk for alopecia  for the very elderly; 
but hair follicles throughout the body also 
decrease in number [ 7 ]. With fewer hair follicles, 
the rate of re-epithelialization is slowed and the 
risk for scarring is increased. The classic scenario 
occurs when an elderly person spills a hot liquid 
onto their thigh to produce a very superfi cial burn. 
If there are no hair follicles to resurface the thigh, 
the wound has no chance to re-epithelialize except 
from the edges. Since the basal epithelial cells can 
only migrate a short distance (around 2 cm), the 
rest of the healing must occur with contraction. 
Many caregivers will say that the superfi cial burn 
will get “converted” to a full-thickness injury; but 
in reality, with no skin adnexa to supply epithelial 
cells, it has no chance to re- epithelialize. The 
same issue is important to remember that when 
considering whether to graft a full-thickness burn 
in a very elderly patient, is the donor site going to 
heal? If the donor site is devoid in skin adnexa, 
grafting may need to be deferred. Fortunately, 
there are areas, such as the back, that have a better 
chance to re-epithelialize. 

 There also are age-related changes in the der-
mis. The  dermi  s is more sensitive to damage 
from ultraviolet light than the epidermis, so 
extrinsic changes are more profound [ 2 ]. The 
dermis tends to thin out with age and there is a 
decrease in cellularity. The associated decrease 
in immune cells may predispose wounds to infec-
tion. The structure of collagen in the dermis 
undergoes changes, including fragmentation and 
disorganization. Skin tends to lose tensile 
strength and is more prone to tearing [ 9 ]. 
Everyone knows that skin becomes looser, more 
wrinkled and sags with aging. The increased 
looseness of skin may be somewhat advanta-
geous since sizeable wounds can contract with 
decreased risks for contracture. 

 A signifi cant problem in the elderly is the loss 
of sensation that tends to occur from “distal to 
proximal” in the  extremities  . The most prominent 
change is for cold/warm sensations, so the elderly 
may be less aware of pain when contacting hot 
surfaces [ 10 ]. The sensation changes are more 

pronounced in patients who have diabetes melli-
tus. Simply walking outside barefoot on a hot day 
may lead to burns. In addition, they tend to feel 
that their feet are cold, so there is a tendency to 
warm their feet in hot water or near heaters. We 
have treated dozens of diabetic patients with 
burns to their feet [ 11 ]. There are increases in 
complications and graft loss in these patients. 
 Angiogenesis   is also impaired, so healing is 
delayed and the new blood vessels tend to be 
more leaky, which leads to increased edema [ 12 ]. 

 There are other anatomic changes that infl u-
ence healing in the elderly. There is a tendency to 
lose muscle and fat so that there are increased 
bony prominences that increase the risk for pres-
sure ulcers. Incontinence leads to maceration and 
increased risk for skin breakdown. People have 
slower refl exes and just move slower so that they 
are less capable of responding to a dangerous 
situation. There are many elderly patients admit-
ted to the burn center who had practiced the same 
risky behavior for years, but fi nally could not 
respond quickly enough to escape. For instance, 
an elderly man may have used gasoline to ignite 
wet leaves for years, but this time the fl ames 
engulfed him. The slower response also increases 
the extent of the injury. 

 Any decline in neurologic status increases the 
risks for burn injuries. Clearly, with dementia 
there is a tendency to be less cautious than when 
fully alert.  Forgetfulness   also increases risks of 
burns. One may forget to turn off the stove or other 
heat-producing devices and thus increase the risk 
of fi re. People who smoke and fall asleep are at 
increased risk for starting house fi res. Fortunately, 
there are laws that require “fi re- safe” cigarettes 
that self-extinguish when not used. These laws 
have greatly reduced fi res and burns. Any neuro-
logic disease may increase the risk for burns. 
People who have tremors may drop hot items. 
Anyone with epilepsy may have a seizure when in 
the shower or while cooking. These burns are 
often very deep as exemplifi ed by a hand that is 
placed into a hot frying pan when seizing. Finally, 
when the elderly lose the ability to care for them-
selves, they are at a higher risk for being abused. 
As described in chapter   22    , the elderly may suffer 
from similar “dip” burns as toddlers [ 13 ].  
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    Typical Burns of the  Elderly   

 For each age group, there are typical burn pat-
terns that are seen. For instance, toddlers tend to 
explore their environment with their hands, so 
they are at risk for palm burns as they touch a hot 
item. For the elderly, there are common burns 
that are rarely seen in the younger population. 
One classic burn is the “home oxygen” burn. 
People who smoke while receiving nasal oxygen 
will often ignite the oxygen and sustain burns to 
the mid face. Fortunately, these burns tend to be 
limited to the face and will often heal on their 
own [ 14 ]. There is often a concern for smoke 
inhalation injury, but usually the injury is limited 
to the face and nasal passages. Since the patients 
require oxygen at home, there is often concern 
when oxygen saturations are not up to par. It is 
best to avoid intubation in this population if pos-
sible as, because of their underlying pulmonary 
disease, extubation may be very diffi cult. 

 Another classic burn occurs when an elderly 
woman with loose clothing (especially a night-
gown) cooks over an open fl ame. The clothing 
then catches fi re when leaning over the fl ame and 
burning the axilla, chest, and inner arm. Advising 
the elderly to avoid loose clothing when cooking 
may prevent these burns. As stated previously, 
people with insensate feet, especially with diabe-
tes mellitus, suffer demarcated burns to the feet 
from either “warming” the feet in hot water or 
near a heater. Unfortunately, the elderly may also 
suffer from the massive burn that results from the 
inability to escape a fi re. These burns are rou-
tinely fatal. The most diffi cult decision when 
dealing with these burns is whether to initiate 
resuscitation or not. Occasionally, the most 
humane treatment is  comfort   care.  

    Changes in the Ability to Handle 
 Metabolic Stress   

 It is well-known that the elderly are less able to 
handle a large burn than the young. Classically, 
burn surgeons describe the LA50, which is the 
size burn that gives a specifi c age group a 50 % 
survival. For a teenager, the size burn that leads 
to a 50 % survival is around 85 % total body sur-

face area (TBSA). As people age, the LA50 drops 
signifi cantly. When the patient is greater than 80 
years of age, the LA50 may drop to less than 10 
% TBSA [ 15 ]. The cause of this inability to han-
dle major stress with aging is not really known, 
but there are some possible explanations. First of 
all, burns are the most profound form of injury 
that anyone can sustain and still survive. The 
calories that are required to handle the metabolic 
demand have been stated to double above normal 
for any burn greater than 60 % TBSA [ 16 ,  17 ]. 
This is why aggressive feeding in all major burns 
is so important. In simple terms, the elderly 
patients may not have the “energy stores” to han-
dle the increased metabolic demands. 
Investigators are starting to understand how 
aging affects the ability of an individual to repair 
cellular damage. There are studies that prove that 
there is increased damage to the DNA over time 
[ 3 ,  16 – 19 ]. Parallel to this increased damage, the 
ability of the DNA to repair itself is impaired. 
Even the epigenetic controls of DNA repair are 
altered [ 3 ]. If one looks at the skin of older peo-
ple, there are many “age spots” that refl ect altered 
gene expression. Each cell has a limited number 
of replication cycles before it can no longer 
divide. After a major stress, especially a large 
burn, the ability of major tissue beds to repair is 
limited. A second problem is that the mitochon-
dria, which supply the energy to the cells, also 
lose the ability to repair themselves so that their 
dysfunction means that there are limitations to 
the fuel that can run the body [ 20 ]. One theory of 
the etiology of cardiomyopathy is that the cardiac 
muscle cells that power the heart “run out of 
fuel” [ 21 ]. A third problem is that minor injuries 
do not always result in complete regeneration of 
the tissues. When healing is compromised, fi bro-
sis often occurs. Therefore, scarring of the 
organs, such as pulmonary fi brosis, cirrhosis, and 
scarring after a myocardial infarction, leads to 
impaired organ function. 

 I often tell patients that surviving a burn is like 
running a marathon. We can push a young person 
through the tremendous metabolic demand. An 
elderly person, however, may be willing, but they 
soon tire and are unable to “keep up” with the 
demand. Once there is insuffi cient energy to meet 
the demand of major stress, the tissues start to 
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fail. This is why the elderly initially do well, but 
then they gradually develop some form of organ 
failure that expands to multiple organ dysfunc-
tion. Eventually, the multiple organ dysfunction 
 results   in death.  

    Burn Prevention for the  Elderly   

 Burn  prevention   is the most important way to 
protect the elderly. As people slow down, they 
must avoid risky behavior even if they had “done 
it for years”. They should avoid using accelerants 
on fi res. Elderly people should never wear loose 
and fl ammable clothing around stoves or fl ames. 
It is probably a good idea to lobby for fl ame- 
retardant clothing for the elderly just as we do for 
infants. Setting water heaters at 120 °F is impor-
tant for all households, but even more so for the 
elderly. Many more geriatric patients fall in 
showers or bathtubs and sustain burns because 
they are unable to escape than young people. 
Anyone with diabetes mellitus or other causes of 
vascular disease and neuropathies should avoid 
hot surfaces or liquids. Anyone with signifi cant 
tremors or dementia should be careful with hot 
items. Simply living a healthy lifestyle by avoid-
ing smoking, eating well, and maintaining physi-
cal fi tness will prevent many burns and allow for 
a better chance for survival.  

    Conclusion 

 There are two populations at increased risk for 
burns and burn-related deaths—at the extremes of 
ages. The elderly have many risk factors that 
increase the inability to avoid injury, and if 
burned, less capability to survive. Fortunately, our 
ability to deal with burns in the geriatric popula-
tion has improved tremendously. Since the popu-
lation is shifting to be an older one, burn caregivers 
will be faced with more of these types of burns.     
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       An electrical injury represents a unique poten-
tially devastating burn injury that often requires 
additional considerations from other burn inju-
ries due to both short- and long-term sequelae. In 
2006, the American Burn Association published 
a set of practice guidelines for the management 
of electrical burns that serve as an excellent 
resource [ 1 ] and should be considered when 
devising a practical management strategy. In gen-
eral, the clinical plan for a patient with an electri-
cal burn demands understanding of the local and 
systemic effects of an injury caused by electrical 
current. It is important to understand that many of 
the fundamental issues are controversial with 
minimal Level 1 evidence to support  tr  eatment 
regimens. However, optimal management bene-
fi ts from center-specifi c algorithms for manage-
ment of cardiac, soft tissue, and psychological 
sequelae. Acutely, electrical burns can be associ-
ated with cardiac arrhythmias and require an 
algorithm for determining which patients require 
cardiac monitoring. Since the visible cutaneous 
injury often represents only the tip of the iceberg, 
a decision tree is also necessary to identify 

patients who have established a potentially pre-
ventable neuromuscular damage; this requires a 
consistent plan for who needs compartment pres-
sure measurements or fasciotomies. Additional 
considerations must include attention to late 
complications of high-voltage injuries, including 
cataract development, progressive nerve degen-
eration, and cognitive or psychological ramifi ca-
tions. Subsequently, electrical injuries should be 
referred to a specialized burn center per American 
Burn Association recommendations. 

    Electrical Injury  Etiologies   

 Three forms of electrical injury include low- 
voltage injuries (<440 V), high-voltage injuries 
(>1000 V), and ultra-high voltage (lightning: 
300,000 A; 100,000,000 V.). Injuries between 
440–800 V behave variably with characteristics 
of either high- and low-voltage injuries. An alter-
native “electrical”—but non-contact—injury is an 
intense fl ash burn resulting from short- circuiting 
an industrial circuit with a metal tool. When the 
tool contacts an electric source, the metal compo-
nent of the tool vaporizes and causes a fl ash burn 
that can lead to deep burns to the hand holding the 
tool and variable second- and third-degree burns 
on other parts of the body; these burns can be 
treated like other thermal burn injuries.  
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     High-Voltage Injury   

 Current exceeding 1000 V can cause massive tis-
sue destruction due to conversion of the electrical 
energy to heat with tissue resistance. The smaller 
the body part, the more intense the heat is with 
less dissipation; fi ngers, hands, toes, and feet are 
especially at risk.  Larger body surface areas   such 
as the torso can dissipate enough current to pre-
vent extensive internal injuries. Arc burns, 
caused by current traversing apposed skin sur-
faces across joints, commonly accompany the 
contact wounds; these deep burns often involve 
the volar aspect of the wrist, the antecubital fossa 
when the elbow is fl exed, the popliteal fossa, and 
the axilla. Initial assessment of a patient with an 
electrical burn follows the standard work-up of a 
severely injured patient beginning with airway, 
breathing, and circulation. In addition to the 
obvious cutaneous and soft tissue injuries, asso-
ciated injuries must be excluded including dislo-
cations or  fractures   due to tetanic spasms of 
major muscle groups or from a concomitant fall; 
common injuries involve the lumbar spine and 
hips. 

 Lightning strikes represent a unique ultra-
high voltage injury for a brief duration. The gen-
erated current may reach 300,000 A and 
100,000,000 V, resulting in enormous quantities 
of energy passing through the body [ 2 ]. With a 
direct strike at a high fl ash strength, the insult 
may be instantaneously fatal or cause permanent 
impairment. Death immediately after a  lighten-
ing   strike usually results from respiratory center 
paralysis and cardiac standstill. Cardiac activity 
usually resumes spontaneously, but apnea lasts 
longer, suffi cient to cause anoxic brain injury 
without pulmonary resuscitation. Cardiac and 
neurologic complications resemble those caused 
by other high-voltage injuries [ 3 ]. Another 
potential indirect insult due to lightening occurs 
when the lighting current strikes the ground and 
the high impedance of the ground causes the cur-
rent to sidestep along other conduits such as tree 
roots or a person’s legs. Finally, the lightning 
discharge produces an electromagnetic pulse, 
which can interfere with pacemakers. 
Fortunately, lightning strikes often create a 

“fl ashover” in which the current fl ows around 
the surface, rather than through, a body [ 4 ,  5 ]. 
Evanescent superfi cial dendritic skin burns 
known as “Lichtenberg’s fl owers” or “frac-
tals”   [ 6 ], sometimes seen immediately after the 
injury, represent superfi cial burns that heal rap-
idly without need for specifi c treatment and 
without sequelae. Ruptured tympanic mem-
branes and vertigo can  also   occur [ 7 ,  8 ].  

     Low-Voltage Injury   (Refs) 

 Low-voltage injuries are unlikely to leave per-
manent sequelae. In the USA, alternating current 
has generally replaced direct current for all com-
mercial power applications because it is cheaper 
to transmit and can be more easily transformed 
to any required voltage.  The human body is three 
to four times as sensitive to alternating current 
as it is to direct current . The threshold for 
60-cycle alternating current in the hand is about 
1.1 mA (MA), which is perceived as mild tin-
gling. Skin  resistance      varies according to the 
thickness of the epidermal keratin layer, cleanli-
ness, and moisture. As such, dry normal skin 
provides 5,000 Ω/in 2  resistance, wet skin only 
1000 Ω/in 2 , and calloused hands over 100,000 Ω/
in 2  [ 9 ]. Above 2–4 MA, muscle contractions 
occur proportional to the current. At approxi-
mately 15 MA, the spasm prevents release of the 
hand gripping of the conductor in what is known 
as the “Let Go” refl ex [ 10 ]. Above 20 MA, sus-
tained spasm of the respiratory muscles develops 
leading to respiratory arrest, which can resume 
spontaneously, but may require CPR if the spasm 
lasts longer than four minutes. Ventricular fi bril-
lation ( VF  ) may occur if the threshold exceeds 
30–40 MA. With increasing current, cardiac sus-
ceptibility to fi brillation increases and then 
decreases. At 1–5 A, the heart goes into sus-
tained contraction, but usually reverts to sinus 
rhythm after current contact ends. 

 For an unconscious patient, the fi rst responder 
should initially remove the current source, with-
out becoming a victim, and then provide CPR 
including defi brillation if available. If sinus 
rhythm is restored, the patient should be  evaluated 
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for anoxic injury and undergo cardiac monitoring. 
Injury due to household current electric shock 
warrants an electrocardiogram; if normal, the 
patient does not require telemetry and can be dis-
charged from the Emergency Department.    The 
patient should be advised that muscle soreness 
will improve in 24–48 h and may be treated with 
analgesics, such as  nonsteroidal agents  . 

 One unique low-voltage electrical injury 
involves a mouth burn caused by chewing on a 
live electrical extension cord (usually at the con-
nection with an extension cord) with the saliva 
completing the circuit between the positive and 
neutral leads [ 11 ]. The resulting  electrical short 
circuit   can cause signifi cant tissue destruction of 
the lips, and/or tongue. These burns should be 
evaluated and treated by a burn specialist. 
Typically located at the oral commissure, the 
eschar often separates in a few days, resulting in 
bleeding from the labial branch of the facial 
artery. This can be very disconcerting to parents 
who should be forewarned and taught to pinch 
the lip between thumb and forefi nger to provide 
hemostasis until defi nitive suture ligation can be 
performed.  Non-operative and operative acute 
management   have similar long-term outcomes 
[ 12 ,  13 ]. Regardless, aggressive stretching and 
sometimes splinting is necessary to prevent 
microstomia. Immediate coverage with fl aps has-
tens the healing, but leaves a permanent scar and 
may  sacrifi ce   some normal tissue.  

     Resuscitation   

 Because the cutaneous injury is often only the 
“tip of the iceberg” with potential for extensive 
deep tissue damage, electrical contact burns may 
require signifi cantly higher resuscitation fl uid 
volumes than predicted by any of the usual pre-
dictive formula used for thermal injuries. 
However, initiating lactated Ringer’s solution 
according to the Baxter (Parkland) burn formula 
is reasonable [ 14 ]. As with any estimation, ongo-
ing intravenous fl uid administration should be 
titrated according to urine output, mean arterial 
pressure ≥60 mmHg, and presence of metabolic 
acidosis [ 15 ]. Myonecrosis, due to the electrical 

injury itself and ongoing rhabdomyolysis due to 
compartment syndrome, generates elevated lev-
els of circulating  myoglobin and hemoglobin  , 
which occlude the renal tubules and cause acute 
tubular necrosis; this has been reported to be 
associated with poor outcomes [ 16 ,  17 ]. No pub-
lications correlate specifi c myoglobin levels in 
the urine or the blood with renal failure. 
Furthermore, since myoglobin levels in the urine 
can be frighteningly elevated even in with clear 
yellow urine, the clinical relevance of quantita-
tive urine levels of myoglobin is unclear. 
However, gross myoglobin in the urine warrants 
aggressive fl uid hydration. If the urine is red or 
reddish black, increased fl uid resuscitation to 
maintain a urine output goal of 1 ml/kg/h is indi-
cated until the pigment clears; an osmotic diuretic 
such as mannitol (25 g bolus, followed by 12.5 g 
every 2–4 h) may be necessary to maintain this 
rate. Acidic conditions accentuate myoglobin 
precipitation in the renal tubules [ 18 ]. 
Theoretically, sodium bicarbonate administra-
tion to a targeted urine pH equal to 7 minimizes 
protein precipitation in the urine [ 19 ]; blood 
gases should be monitored to assure that the 
blood pH does not exceed 7.5. Whereas this treat-
ment regimen has never been demonstrated to be 
clinically essential, it is fairly homeopathic and 
without signifi cant adverse events.  

    Emergent Surgical Considerations 

 Three conditions warrant emergent surgery for a 
patient with a high voltage electrical burn: (1) 
evidence of compartment syndrome (2) evidence 
of nerve or vessel compression due to edematous 
compartment (3) ongoing rhabdomyolysis with 
myoglobinuria that threatens kidney failure. 
Depending on the specifi cs of the injury, early 
escharotomy and/or  fasciotomy   should be per-
formed. An  escharotom  y is indicated for a cir-
cumferential third degree thermal burn with 
evidence of tissue compression and neurovascu-
lar compromise. Fasciotomies should be reserved 
for patients with compartment syndrome and evi-
dence of ongoing myonecrosis or neurovascular 
compromise. Compartment pressure monitoring 
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is mandatory, and a low threshold for escharot-
omy or fasciotomy is necessary with any deterio-
ration in status.  Routine compartment pressure 
measurements   may be helpful, but any signs of 
impending compartment syndrome (increased 
pain, pallor, absence of pulse, decreased sensa-
tion, and tense swelling) mandate prompt com-
partment release. 

  Edema formation   with even small upper 
extremity contact burns can cause median nerve 
compression necessitating urgent carpal tunnel 
decompression. If the tissue destruction at the 
contact point directly involves the volar wrist 
with evidence of median nerve injury, carpal 
tunnel release is unlikely to change the out-
come and probably unnecessary. Monitoring 
neurovascular status in an awake patient is 
appropriate, but assessment in a non-responsive 
patient poses challenges; measuring compart-
ment pressures in the carpal tunnel is highly 
unreliable and clinical judgment is paramount. 
If the injury is suffi ciently devastating to cause 
a mummifi ed hand, carpal tunnel release prob-
ably offers no benefi t.  

     Wound Management   

    Cutaneous Wounds 

 Since most electrical injuries in the USA result 
from alternating current, “entrance” and “exit” 
sites are better referred to as contact points. 
These thermal burns result from heat generation 
as the electrical energy is converted to heat due 
to resistance to current fl ow in the tissues. 
Unlike fl ame burns, high-voltage electric cur-
rent (≥1000 V) burn injuries can be associated 
with greater deep- tissue injury than initially 
appreciated. As a result, these infrequent inju-
ries [ 20 ] are associated with high amputation 
rates and greater use of resources than compa-
rable %TBSA cutaneous burns.  High-voltage 
current   in contact with a dry hand may generate 
over 1000 °C, leading to tissue mummifi cation. 
Delayed exploration and decompression in the 
compromised extremity may result in increased 
amputation rates along with increased organ 

failure and mortality [ 21 ,  22 ]. Conversely, 
unnecessary exploration increases morbidity, 
functional recovery, length of stay [ 23 ]. 

 Sites of current arcing across joints should be 
treated like primary contact sites, because under-
lying damage can be just as severe. Contact 
points due to low-voltage injury rarely cause 
cutaneous burns that require treatment because 
the contact area dissipates the heat of the current 
with minimal underlying tissue destruction. 

 Large amounts of necrotic muscle due to high- 
voltage electrical contact injury and swollen 
muscle with resultant compartment syndrome 
and rhabdomyolysis necessitate surgical debride-
ment to manage myoglobinemia and prevent 
acute kidney  injury  . If gross myoglobinuria does 
not clear after compartment release, aggressive 
hydration, and diuresis with mannitol, ongoing 
myonecrosis due to the electrical injury should 
be considered. Guillotine amputation may be a 
necessary and lifesaving intervention for obvi-
ously non-salvageable limbs. The goal of surgi-
cal procedures is to preserve viable  tissue   while 
removing neighboring dead tissue. As such, mus-
cle of indeterminate viability should be spared 
and reexamined at a subsequent operation. Small, 
scattered areas of injured muscle will be replaced 
by fi brotic tissue. High fever and tachycardia, 
however, may indicate that remaining non-viable 
muscle has become infected and requires further 
debridement. 

 A peculiarity of electrical injuries,  superfi cial 
extremity muscles   may be viable and the deeper 
muscles along the radius, ulna, tibia, and fi bula 
are necrotic. Since bone resists current fl ow, the 
heat generated causes a thermal injury to the 
muscle attachments. 

  Early aggressive debridement  , followed 
immediately by reconstructive surgery with tis-
sue transfer by rotation or free fl aps to cover 
remaining viable tissue, nerves, vessels, and 
bone, may benefi t early recovery. However, 
“early” has never been clearly defi ned. Many sur-
geons advocate immediate surgery on all patients 
with high-voltage electrical injuries to decom-
press soft tissues and debride necrotic muscle 
[ 21 ,  22 ]. The wounds are repeatedly debrided 
until suitable for closure with skin grafts or fl aps. 
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However, delineation of dead from viable tissue 
is diffi cult during the fi rst 24–72 h after injury 
and serial debridement can lead to removal of 
potentially viable tissue. Therefore, an alterna-
tive reported approach is to decompress those 
extremities that exhibit progressive peripheral 
nerve dysfunction, clinical manifestation of com-
partment syndrome, ongoing rhabdomyolysis, or 
resuscitation failure. Reports of this more conser-
vative selective decompression approach suggest 
that delaying the initial operation for a few days 
minimizes the number of surgeries because the 
necrotic tissue can be recognized, excised, and 
the wound can be closed—often in a single pro-
cedure [ 23 ,  24 ]. No defi nitive data supports the 
concept that missing a deep injury leads to worse 
outcomes and more amputations or that immedi-
ate surgical decompression reduces the need for 
amputation. 

 The  American Burn Association Practice 
Guidelines      [ 1 ] management of electrical injuries 
recommend that (1) any patient with an electrical 
injury to the upper extremity be referred to spe-
cialized burn centers experienced with these inju-
ries and (2) indications for surgical decompression 
include progressive neurologic dysfunction and 
vascular  deterioratio  n.   

     Extremity Injuries      

 Because extremities are the most common site to 
be injured and are at increased risk for compart-
ment syndrome or muscle compression, they 
warrant special comment. There are several 
methods to evaluate the injured extremity. 
Extremity muscle compartment pressures may be 
measured as an adjunct to clinical examination. 
Tissue pressures higher than 30 mmHg or within 
10–20 mmHg of diastolic blood pressure suggest 
compartment syndrome and potential deep-tissue 
injury, indicating the need for emergent surgical 
decompression. Measuring pressures in the car-
pal tunnel or Guyon’s canal is not reproducible 
and unreliable. There is no evidence that nuclear 
scans, plethysmography or vascular Doppler 
scans, reliably indicate which extremities require 
decompression [ 1 ].  

    Cardiac  Injuries   

 Immediate cardiac arrest is the most common 
cause of death due to electrical injury.  High- 
voltage injuries   are more likely to produce car-
diac standstill, but low-voltage injuries can cause 
ventricular fi brillation, which is more likely to 
require defi brillation [ 25 ,  26 ]. However, the most 
common ECG abnormality involves nonspecifi c 
ST-T changes; atrial fi brillation is the most com-
mon dysrhythmia [ 27 ,  28 ]. 

 The potential for cardiac dysrhythmia and 
myocardial injury has driven a tradition that all 
patients with an electrical injury undergo cardiac 
evaluation in the Emergency Department cardiac 
with a low threshold for admission and telemetry 
monitoring. Whereas an ECG is a well- 
established component of the early evaluation of 
patients after electrical injury, the indications for 
further cardiac work-up and duration of teleme-
try monitoring have been less clear. Consensus 
and review of the literature suggest that patients 
with low-voltage injuries who have  normal ECGs   
and no history of loss of consciousness or evi-
dence of dysrhythmia at the scene can be dis-
charged from the Emergency department [ 26 ]. 
After high-voltage injuries, patients who have a 
history of loss of consciousness, ECG abnormali-
ties, or other injuries that would otherwise require 
treatment are admitted to the hospital and moni-
tored for 24 h. Several reviews report monitoring 
for 24 h after resolution of dysrhythmias or after 
admission, if there were no ECG abnormalities 
[ 29 ,  30 ]. At least one publication reported that all 
patients with dysrhythmias resolved within 48 h 
of admission either spontaneously or with phar-
macologic intervention [ 31 ]. However, their data 
are insuffi cient to formulate management guide-
lines for electrical monitoring. 

 According to the  2006 American Burn 
Association Guidelines   for the Management of 
Electrical Injuries [ 1 ]:

    1.    Individuals who sustain low-voltage electrical 
injuries, with no ECG abnormalities, no his-
tory of loss of consciousness, and no other 
injuries be discharged from the emergency 
department.   
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   2.    Individuals with history of loss of conscious-
ness or documented dysrhythmia should be 
admitted for telemetry monitoring.   

   3.    There was insuffi cient data on troponin levels 
after electrical injury to formulate  a   guideline.    

       Neurologic Complications   

 Neurologic complications represent common 
sequelae of high-voltage electrical injuries, affect-
ing the central nervous system and peripheral 
nerves. Immediate but frequently transient symp-
toms include unconsciousness, respiratory paraly-
sis, and motor paralysis. Loss of consciousness 
accounts for most CNS sequelae in patients with 
high-voltage injuries. Permanent changes include 
cortical encephalopathy due to the electrical 
injury itself or hypoxia due to cardiac or respira-
tory arrest. Spinal cord injuries are rare, but may 
occur at the time of the injury due to spinal frac-
tures or present as later due to progressive muscu-
lar atrophy, amyotrophic lateral sclerosis, or 
transverse myelitis [ 32 ]. Late spinal cord paraly-
sis progresses slowly and may occur months after 
the injury. [ 33 ,  34 ] Although recovery has been 
reported, the prognosis is usually poor [ 35 ,  36 ]. 

 Peripheral neuropathies are relatively com-
mon in burned extremities, either from direct 
nerve injury or fi brosis surrounding the nerves. 
Refl ex sympathetic dystrophy is not uncommon. 
Many patients suffer aches, headaches, chronic 
pain, and various non-anatomic neurologic com-
plaints for some months after injury [ 37 ,  38 ]. 

 A rare but reported complication is kerauno-
paralysis, in which one or more extremities 
appears blue, mottled, cold, and pulseless due to 
vascoconstriction and sympathetic nervous sys-
tem instability. It is usually short lived, rarely 
lasting more than 24 h and more often resolves 
within  a  n hour [ 39 ].  

    Cataracts 

  Premature cataract development   occurs in 5–10 
% patients after high-voltage electrical injury 
[ 40 – 42 ], but is not associated with contact points 

on the face or head. They can occur within a few 
weeks or may present years after the injury with 
an average time till presentation of 6 months [ 40 ] 
Complete ophthalmologic examination is war-
ranted at the initial hospitalization and with sub-
sequent decreased visual acuity. For injuries on 
the job, an eye exam shortly after the injury is 
indicated to verify normal lens transparency at 
the time of the injury.  

    Psychological Sequelae 

  Posttraumatic stress syndrome      is common fol-
lowing electrical burns than after thermal burns 
[ 43 ]. Furthermore, patients with electrical inju-
ries often face barriers to returning to work with 
signifi cant emotional distress and subsequently 
poor quality of life [ 44 ]. While at least one study 
has reported that patient reported quality of life is 
similar between thermal and electrical burns 
[ 45 ], more research is needed in this area to vali-
date these observations. Patients with electrical 
burns warrant screening for depression and post-
traumatic stress.  

     Laboratory and Radiologic 
Evaluation   

 Thorough evaluation of the patient sustaining an 
electrical injury depends on the extent of injury, 
but may require additional laboratory tests. All 
patients with evidence of conductive injury or 
signifi cant surface burns should have the follow-
ing tests: Complete blood count, electrolyte lev-
els, blood urea nitrogen level, creatinine level, 
and urinalysis with special attention to the pres-
ence of myoglobin. If intubated or with evidence 
of signifi cant tissue injury, arterial blood gas 
determinations are indicated. If early debride-
ment or decompression is indicated, a blood 
cross and screen is also appropriate. While 
 creatine kinase levels are often obtained after 
electrical injury with the MB subunit reported to 
be more specifi c for myocardial injuries, several 
studies suggest that creatine kinase-MB levels 
poorly predict cardiac injury due to high back-
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ground levels with the skeletal muscle injury 
[ 28 ,  46 ]. 

 Radiographs of the cervical spine should be 
performed if spinal injury is suspected and a head 
CT is indicated if the patient is unresponsive. If 
there is evidence of other trauma, radiographic 
work-up for bony injury and CT scans for other 
spine, intraabdominal, or thoracic injuries  are 
  indicated.  

     Hospital Admission 
After   an Electrical Injury 

 Most patients with low-voltage injuries and nor-
mal ECG can be discharged from the emergency 
department; the possible exceptions include 
patients with other injuries that require hospital-
ization or children with an oral commissure burn 
that would require monitoring for labial artery 
bleeding. Admission for cardiac monitoring of 
patients with history of loss of consciousness, 
ECG abnormalities, soft tissue destruction, or 
other injuries is a standard practice in published 
reviews of electrical injuries. Given that several 
retrospective publications have documented that 
monitoring patients with a normal ECG identi-
fi ed no serious dysrhythmia, a negative initial 
cardiac evaluation could obviate the need for 
hospital admission solely for cardiac 
monitoring.  

    Summary 

 Patients with electrical injury should be referred 
to Burn Centers for defi nitive care. No level 1 
evidence exists for any clinical recommendations 
regarding cardiac or soft tissue management. 
However, some generalizations about safe man-
agement of patients with electrical injuries are 
feasible.

    1.    Most patients with low voltage can be dis-
charged from the Emergency Department 
after evaluation for dysrhythmia or other 
injuries.   

   2.    Patients with high-voltage electrical injuries 
should be admitted for monitoring if they have 
loss of consciousness or cardiac arrest in the 
fi eld, documented cardiac arrhythmia, abnor-
mal ECG, or other soft tissue injuries requir-
ing wound care or surgery.   

   3.    Unless there is evidence of compartment syn-
drome, conservative debridement of injured 
tissue after the extent of injury has declared 
itself avoids unnecessary surgery without 
compromising functional recovery.   

   4.    Patients with high-voltage injuries should be 
screened for neurologic defi cits and cataracts.   

   5.    Patients with high-voltage injury should be 
followed long-term for delayed neurologic 
and psychologic sequelae.         
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          Introduction 

 Chemical burns are challenging to manage for a 
variety of reasons. They account for only 3–8 % 
of all burn injuries [ 1 ] and this infrequency limits 
the surgeon’s accumulation of experience with 
any given chemical. Equally problematic is that 
there are over 25,000 possible chemicals that 
may be used in the household and in industry, 
many of which can cause burns [ 2 ]. The injuries 
range from minor burns sustained at home to 
major life-threatening injuries following  indus-
trial accidents  . While most chemical burns are 
small and involve only a few percent of the 
TBSA, the face and hands are most frequently 
affected. Determination of depth of injury can be 
particularly diffi cult, and despite their small size, 
almost 20 % of chemical burns eventually require 
surgical debridement and skin grafting [ 1 ,  3 ]. 
Unfortunately, a rising number of chemical burns 
now develop as a result of domestic assault in 
which various acids or alkalis are deliberately 
sprayed into the face of the victim frequently 
resulting in  facial disfi gurement and permanent 

ocular damage   [ 4 ]. Finally, chemical agents may 
increasingly be used in war, terrorism, and pro-
duction of weapons of mass destruction. 

 Because of the complex and heterogeneous 
nature of chemical burns, the surgeon should 
have a set of basic principles of management that 
can be applied to  any  chemical burn. This chapter 
will primarily focus on those principles, but it 
will also describe the management of some spe-
cifi c chemical burns that may be encountered 
including hydrofl uoric acid, sulfuric acid, hydro-
chloric acid, lyes, and cement.  

    Mechanism of Injury 

 Unlike thermal burns where the extent of injury is 
related to only two factors (temperature and dura-
tion of exposure), the extent of cutaneous injury 
from a chemical contact is related to multiple 
 factors. Chief among these is the duration of con-
tact [ 3 ,  5 ,  6 ]. Chemicals continue to produce injury 
for as long as they are in contact with the skin and 
may continue to act hours after the initial contact. 
This is in contrast to thermal injuries where expo-
sure to heat is usually transient and rapidly termi-
nated. Chemical injury to the skin is also dependent 
upon the specifi c nature of the chemical and its 
action upon biological systems. Chemicals may 
act as  oxidants   (that denature  protein by inserting 
oxygen), reducing agents (which denature proteins 
by binding free electrons), corrosives (which 
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directly denature  protein), protoplasmic poisons 
(which form esters with proteins or which inacti-
vate essential organic ions), vesicants (that cause 
ischemic necrosis), or desiccants (which dehydrate 
tissues) [ 2 ,  6 ]. Many chemicals can exert more 
than one of these actions simultaneously. Other 
factors that affect the severity and extent of a 
chemical burn include the chemical’s concentra-
tion, quantity, lipid solubility, and penetration 
capabilities [ 2 ]. Finally, some chemicals have exo-
thermic properties allowing them to infl ict an 
accompanying thermal injury [ 6 ]. 

 A simple and practical approach to classifying 
and understanding the mechanism of action of most 
chemicals is to consider if the chemical agent is (1) 
an acid or a base, and (2) if it is an organic or inor-
ganic  solution   (Table  16.1 ). Usually, acids with a 
pH less than 2 create coagulation necrosis of the 
skin and soft tissue. This results in a less severe and 
more confi ned injury than alkalis with a pH greater 
than 11.5, which create more expansive and diffuse 
liquifi cation necrosis. This liquifi cation of tissues 
loosens tissue planes and allows on-going chemical 
penetration and, as a result, alkali burns are gener-
ally more serious than acid burns [ 2 ,  6 ]. Organic 
solutions are lipid-soluble and create more destruc-
tion and penetration because of their ability to 
 dissolve cell membranes than inorganic solutions 
which bind to the skin and form various salts [ 2 ].

       Basic Principles of Management 

    Protect  Yourself   ! 

 When responding to a patient with a chemical 
contact, providers should always take precau-
tions to prevent exposure of themselves to the 

chemical agent. This can occur by touching the 
contaminated skin or clothing of the patient or by 
splashing during the process of irrigation. At a 
minimum, personal protective equipment should 
include gloves and eye protection. Plastic aprons 
or gowns provide an additional level of protec-
tion when dealing with patients exposed to large 
quantities of chemical, more extensive chemical 
burns, or burns from more dangerous chemicals 
such as  hydrofl uoric   acid.  

    Airway First! 

 Infrequently, chemical burns may include chemi-
cal injury to the airway. Typically, this occurs 
when chemicals explode and become aerosolized 
or when a patient has aspirated deliberately or 
accidentally ingested chemicals. Always care-
fully look for peri-nasal and peri-oral burns, dys-
phonia, wheezing, stridor, excessive mucus or 
saliva production, and signs of respiratory dis-
tress. Clinical suspicion of signifi cant chemical 
inhalation should prompt endotracheal intubation 
for  airway protection and/or support of respira-
tion   [ 7 ].  

    Remove the  Chemical   

 The most important determinant of a chemical 
burn’s severity is the duration of contact of the 
chemical with the skin. Tissue injury continues to 
occur for as long as the chemical agent is present 
[ 2 ,  3 ,  5 ,  6 ], and complete removal of the chemical 
has been shown to reduce the severity of chemi-
cal burns [ 5 ]. Chemical removal can be summa-
rized by remembering the motto “Strip, Remove, 

   Table 16.1     Chemicals   that burn   

 Mechanisms  Classes of chemicals  Determinants of severity 

 Oxidation (e.g., NaOH)  Acids (coagulation necrosis)  Duration of contact 

 Reduction (e.g., HCl)  Alkalis (liquifi cation necrosis)  Mechanism of action 

 Corrosion (e.g., Phenol)  Organic solutions (dissolve lipid membranes)  Quantity 

 Protoplasmic poison (e.g., HF)  Inorganic solutions (bind to proteins and form salts)  Concentration 

 Vessicant (e.g., Mustard Gas)  Penetration ability 

 Desiccant (e.g., H 2 SO 4 )     Exothermic properties 
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and Flush” [ 7 ]. Contaminated clothing, including 
footwear, must be removed immediately. 
Residues or deposits of dry chemical materials, 
powders, or particulate debris should be removed 
next by brushing these off the skin before liber-
ally fl ushing the area with water. Lavage with 
water should be copious and should be initiated 
at the scene and continue for at least 30 min. 
Irrigation should be repeated on arrival to the 
hospital. Sterile solutions are not needed and tap 
water at body temperature is always preferred. It 
is essential to carefully control splashing and 
runoff during irrigation to ensure that the chemi-
cal agent is not inadvertently dispersed to unin-
volved body areas. Always ensure that the 
irrigation effl uent doesn’t collect in pools around 
the patient or within a soft tissue fold [ 2 ]. 
Immersion of affected parts in a tub is not recom-
mended as this only serves to spread the agent. 

 It is not uncommon to need to continue water 
irrigation anywhere between 30 min and several 
hours, as in the case of alkali contacts [ 2 ,  8 ]. One 
may use pH testing strips to evaluate the effl uent 
as an approximate guide to the adequacy and 
duration of irrigation, aiming to achieve a pH 
between 5 and 11 [ 2 ]. While some chemicals are 
not water-soluble (e.g., Phenol), or produce heat 
when combined with water (e.g., concentrated 
hydrochloric acid and sulfuric acid), as a general 
rule, copious irrigation with water will be benefi -
cial and will rarely cause harm [ 7 ]. Table  16.2  
lists the rare exceptions to immediate water 
lavage among relatively common encountered 
chemicals where an intervention strategy prior to 
water lavage is  recommende  d.

       Know  the   Chemical 

 It is essential to obtain as much information on the 
chemical as possible. This can be obtained from a 
variety of sources, including the labels on contain-
ers or the chemical if these have been brought in, 
from the industry itself (in the case of workplace 
injuries), internet searches, and consultation with 
the local poison control centre. Critical informa-
tion about a chemical includes its pH, concentra-
tion, and systemic toxic effects. The use of 
chemical testing strips to determine the pH of a 

chemical agent, when it is unknown, is generally 
to be avoided as these can be inaccurate [ 7 ].  

     Antidotes and Neutralization   Are 
Usually not Indicated 

 Antidotes have the theoretical appeal of inacti-
vating a chemical, thus limiting skin and soft tis-
sue damage. However, a number of factors limit 
the practical usefulness of antidotes. First, the 
specifi c antidotes may not be readily available. 
Second, antidotes themselves may have their 
own adverse effects and toxicities. Third, occa-
sionally the neutralization reaction is exothermic 
creating the potential for an associated thermal 
injury. Thus, as numerous authors have stated, 
dilution with copious amounts of running water, 
rather than neutralization, is the key to therapy 
[ 5 ,  9 ,  10 ]. The most important exception to this 
general rule is the hydrofl uoric acid burn where 
rapid neutralization of the free fl uoride ion is 
critically important (discussed below).  

     Systemic Toxicity   Is Wide-Ranging 

 In the scenario of a chemical burn, it is important 
to remember that the agent can be absorbed sys-
temically through the skin, by inhalation, or by 
ingestion. While systemic toxicity usually results 
from large surface area exposure to the chemical, 

   Table 16.2    Occasional exceptions  to   immediate water 
lavage   

 Chemical  Problem 
 Strategy prior to 
water lavage 

 Calcium oxide 
(CaO, “Dry 
Lime”) 

 Forms the 
strong alkali 
CaOH with 
water 

 Thoroughly brush 
off dry lime 
powder from the 
skin prior to 
water lavage 

 Phenol  Insoluble in 
water 

 Wipe phenol off 
the skin with 
50 % 
polyethylene 
glycol prior to 
water lavage [ 11 ] 

 Concentrated 
hydrochloric or 
sulphuric  acid   

 Exothermic on 
contact with 
water 

 Neutralize with a 
soapy solution 
prior to lavage if 
possible [ 6 ] 
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signifi cant and even life-threatening systemic 
toxicity may occur from smaller contacts (e.g., 
concentrated hydrofl uoric acid). Systemic toxic-
ity is as diverse and varied as the range of chemi-
cals themselves and can affect the neurological, 
respiratory, cardiovascular, hematologic, renal, 
and hepatic systems alone or in combination. 
Consequently, it is imperative to have a clear 
identifi cation of the chemical agent and informa-
tion on its systemic effects. In the author’s expe-
rience, the local poison control centre has 
provided the most rapid and accurate information 
on any given chemical agent’s toxicity. Once the 
systemic toxicity is identifi ed, appropriate diag-
nostic and therapeutic strategies can  be 
  undertaken.  

    Diagnosis  o  f Burn Depth Is Diffi cult 

 In general, determination of the depth of the burn 
is more diffi cult than in thermal burns. Some 
chemicals may tan or discolor the skin (e.g., phe-
nol, and potassium permanganate), compromis-
ing the usual visual clues to burn depth. Some 
chemicals may induce vesicle or blistering for-
mation (e.g., mustard gas, and lewsite), or hard-
ening of the skin (e.g., sulfuric acid). Other 
chemicals have local anesthetic properties (e.g., 
phenol) rendering pain and loss of sensation use-
less as diagnostic tools to assess burn depth [ 6 , 
 11 ]. Consequently, repeated evaluation of the 
burn and surgical excision only when the extent 
of depth and demarcation is clear is warranted. In 
some instances, following surgical debridement 
of the chemical burn wound, temporary closure 
with allograft to “test” the wound bed for viabil-
ity prior to defi nitive autografting is advisable.  

     Supportive Care  : Treat the Chemical 
Burn Patient Like a Burn Patient 

 Notwithstanding the general principles described 
above, care of the patient with a chemical burn 
may proceed as it would for a patient with a ther-
mal burn. Fluid resuscitation is administered if 
the burn is ≥ 15–20 % TBSA with appropriate 

monitoring of endpoints and titration as needed. 
Once the chemical is completely removed by irri-
gation, the wounds may be covered with an anti-
microbial dressing. For most chemical burns, 
opioid analgesics should be provided to alleviate 
pain. However, in some selected instances such 
as the hydrofl uoric acid burn, pain is indicative of 
ongoing tissue injury and should not be masked 
with analgesics but rather eliminated by specifi c 
inactivation of the chemical (see hydrofl uoric 
acid burns below). Tetanus prophylaxis should be 
administered if the patient’s immunization is not 
up-to-date. Early excision of clearly non- viable 
tissue is advised, recognizing (as described 
above) that assessment of injury depth can be dif-
fi cult and may require a period of  observation  .  

     Check   The Eyes! 

 Patients with a chemical burn may also have sus-
tained a chemical contact to the eyes. It is imper-
ative to identify an ocular chemical contact 
because any delay in removal of the chemical 
from the ocular surface may lead to signifi cant 
and potentially permanent visual disturbances 
[ 12 ,  13 ]. Alkali ocular burns from agents such as 
lye, ammonia, potassium hydroxide, magnesium 
hydroxide, and lime are the most common and 
serious [ 12 ]. As with cutaneous burns, alkali eye 
burns are more destructive than acid burns 
because of their lipophilic nature and ability to 
penetrate and produce saponifi cation necrosis 
readily leading to penetration of the agent through 
the cornea and sclera [ 12 ,  14 ]. Patients with an 
ocular chemical burn typically present with 
intense eye pain, marked conjunctival injection, 
epiphora, photophobia, and blepharospasm. The 
fi rst principle is to remove the chemical. The ocu-
lar surface, including the conjunctival fornices, 
should be examined for any particulate debris 
and this debris should be removed fi rst. Sweeping 
the fornices with a glass rod may facilitate 
removal of solid material [ 13 ]. Following this, 
copious lavage of the eye with isotonic saline or 
Ringer’s lactate should be initiated before pro-
ceeding with the ophthalmologic evaluation [ 13 ]. 
Topical anesthetics may facilitate irrigation of 
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the eye in patients when involuntary blepharo-
spasm interferes with effective lavage. Similarly, 
a Morgan Lens may be used in patients who have 
trouble tolerating lavage [ 12 ,  13 ]. A minimum of 
30 min of lavage is needed for each eye, provided 
simultaneously if there is a bilateral contact [ 12 ]. 
More prolonged irrigation using volumes of 20 l 
or more may be needed, especially for severe 
alkali chemical burns. Testing the effl uent using 
chemical-testing pH strips may help to evaluate 
the adequacy and duration of irrigation. 
Neutralizing agents are not indicated [ 12 ]. All 
ocular chemical burns should be considered a 
true ophthalmologic emergency and an ophthal-
mology consult should be urgently obtained to 
direct further treatment. This may include provi-
sion of adequate analgesia, intra- ocular pressure 
control, optimization of corneal epithelial heal-
ing, and use of anti-infl ammatory and anti-micro-
bial  therapi  es [ 12 ].   

    Specifi c Chemical Burns 

    Hydrofl uoric Acid 

 Hydrofl uoric acid ( HF  )    is an  inorganic acid   
which may be found in the home in heavy-duty 
cleaning agents for stone and metals, rust removal 
solutions, and glass-polishing material [ 15 – 17 ]. 
In industry, HF is used in the manufacturing of 
semi-conductors, plastics, fertilizers, and refrig-
erant fl uids [ 15 ,  17 ]. HF is also utilized in various 
research laboratory settings. HF exists in aqueous 
concentrations ranging from less than 10 % up to 
90 % solutions and rarely may exist as 99 % pure 
HF referred to anhydrous HF [ 17 ]. HF burns are 
not uncommon, and in general, the majority of 
these burns occur from household contact with 
less than 20 % HF resulting in small burns usu-
ally to the hands [ 17 ,  18 ]. In contrast, industrial 
HF burns typically result from more concentrated 
HF and involve larger surface areas and pose an 
immediate life-threatening danger [ 19 ,  20 ]. 

 HF damages  tissue   through two mechanisms. 
At concentrations less than 50 %, it is a weak 
acid and it exerts a corrosive effect which 
becomes considerably strong at concentrations 
greater than 50 % where HF acts as a strong acid. 

The second, and far more important mechanism, 
is that HF acts as a protoplasmic poison [ 6 ]. HF 
is highly lipophilic and readily and continuously 
penetrates into soft tissues as well as bone, creat-
ing a liquifi cation necrosis as it dissociates into 
free hydrogen ions and free fl uoride ions [ 15 ]. 
The free fl uoride ion is highly destructive to intra 
and extra-cellular structures and its presence elic-
its intense pain. Furthermore, free fl uoride ions 
are absorbed into the systemic circulation and 
bind available calcium and magnesium, poten-
tially leading to life-threatening hypocalcaemia 
and/or hypomagnesaemia. The primary toxicity 
of HF is from hypocalcaemia-induced ventricular 
dysrhythmias including ventricular fi brillation 
and Torsades de Pointes [ 20 ]. 

 The  clinical presentation   of HF burns varies 
depending on the concentration and the extent of 
the area exposed. The hallmark of all HF burns is 
intense pain, which, in many cases, appears to be 
out of proportion to the cutaneous injury [ 15 ]. 
Contact with less than 20 % HF may not produce 
any immediate symptoms and patients often 
present as late as 24 h after contact with a burn 
consisting of localized erythema but with intense 
pain. This is highly typical of household contacts 
that result from cleaning or rust removal solu-
tions where faulty gloves or failure to use protec-
tive equipment occurred [ 15 ,  17 ,  21 ]. Patients 
with a burn from greater than 20 % HF typically 
present within 1–8 h with more immediate evi-
dence of tissue destruction and severe pain [ 15 ]. 
The burns may appear as simple erythema (from 
less concentrated HF), to the more classical 
wound with a hard grayish to silver eschar sur-
rounded by erythema and blisters. The wound 
may ulcerate and local tenosynovitis or even 
osteolysis can result if the HF is concentrated 
[ 15 ]. In cases of large burns or burns from con-
centrated HF, the main systemic manifestation is 
from hypocalcaemia and hypomagnesaemia. 
Paradoxically, classic signs of  hypocalcaemia   
such as tetany, Chvostk’s, and Trousseau’s signs 
may be absent [ 15 ,  22 ,  23 ] with the earliest mani-
festation being QT prolongation on the ECG. This 
is an ominous sign that precedes fatal ventricular 
arrhythmias. Other laboratory abnormalities may 
include acidosis, fl uorosis, and hyperkalemia 
[ 17 ,  20 ]. 
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 The immediate treatment of any HF burn is 
copious water lavage at the scene for 15–30 min. 
Treatment personnel should protect themselves 
from self-contamination by wearing double 
gloves, eye protection, and plastic aprons or 
gowns, if possible. On arrival to the hospital, it is 
essential to identify patients at high risk of fatal 
systemic toxicity as identifi ed  in   Fig.  16.1 . Both 
high- and low-risk HF burns should receive fur-
ther copious water lavage, but high-risk patients 
should immediately be placed on an ECG moni-
tor and be given empiric intravenous calcium and 
magnesium prior to checking serum electrolyte 
levels [ 17 ,  20 ]. The purpose of systemic calcium 
delivery is to correct hypocalcaemia and not to 
achieve neutralization of the free fl uoride ion. 
Further calcium and magnesium may be adminis-
tered as guided by monitoring of plasma levels of 
these electrolytes. Potassium and blood gas anal-
ysis should also be obtained in high-risk 
contacts.

   The next step in both high and low- risk   HF 
burns is to neutralize free fl uoride locally in the 
wound. The aim of this is to halt tissue destruction 
and relief of pain is the most reliable end- point 
that indicates successful neutralization of the free-
fl uoride ions. The simplest initial approach is to 
apply 2.5 % calcium gluconate gel to the burns for 
a 30 min period, initially massaging this into the 
skin then repeating application as needed if pain 
persists. A surgical glove containing the gel is a 
useful way to topically treat hand and digital HF 
burns. Some authorities recommend this therapy 
can be repeated every 4 h for 4 days [ 15 ,  24 ], 
repeating if needed if pain redevelops. 

 Although simple and noninvasive,  calcium glu-
conate gel’s effectiveness   is limited by its ability to 
penetrate into the skin. This has led to the direct 
injection of 10 % calcium gluconate into and sur-
rounding the eschar. Generally, this is only consid-
ered for more severe burns with concentrated HF 
or where irrigation and topical gel have not 

All HF Burns

LOW RISK HF Burn HIGH RISK HF Burn

Copious lavage with water at scene for 15-30 min

HF burn to < 5% TBSA with
<20% concentration HF

•Any burn from anhydrous HF

•Continue water lavage for 30 min.

•Obtain serum Ca and mg levels and replenish as
needed with IV Ca and Mg.
•Topical 2.5% calcium gluconate gel
•Consider need for 10% Calcium gulconate
infiltration and/or intra-arterial calcium gulconate
infusion.

•   Continue water lavage for 30 min.
•   Apply a continuous ECG monitor
•   Administer 2gm calcium gulconate and 2gm
magnesium sulphate IV

•Consider need for airway management and
nebulized 3% Ca gluconate if suspected inhalation.

•Rarely may need to consider infiltration
with 10% calcium gluconate.

•Obtain serum Ca and Mg levels
•Topical 2.5% calcium gulconate gel if pain
persists post lavage.

•HF inhalation or HF ingestion

•Any HF burn ≥ 5% TBSA
•Any HF burn from ≥ 20% concentration HF

Urgent Management

Semi-Urgent Management

  Fig. 16.1    Algorithm for the  management   of hydrofl uoric acid burns       
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relieved pain. Most agree it is not necessary for 
contacts with less than 20 % HF [ 17 ]. A 27-G or 
30-G needle is used to inject a maximum of 
0.5 mL/cm 2  beneath and around the involved skin. 
This can be quite painful for the patient and great 
caution must be taken when injecting digits or near 
fascial compartments because of the well-recog-
nized risk of causing pressure necrosis, ischemia, 
or compartmental syndromes [ 18 ]. Theoretically, 
local anesthetics may be used to alleviate the pain 
of infi ltration, but this is problematic and highly 
controversial because the anesthetic confounds 
accurate assessment of pain alleviation. Also, 
injection for a digital block itself causes increased 
tissue pressure, which may then limit how much 
calcium gluconate can be injected. If local anes-
thesia is used, it should be short-acting and allowed 
to wear off before deciding if pain has been 
relieved. Special considerations for a digit include 
limiting injections to only 0.5 mL per phalanx and 
use of repeated small injections rather than one 
large single dose [ 15 ,  25 ].  Subungal HF penetra-
tion   with HF burns to the fi ngertips or nail folds 
may necessitate nail removal under a digital block 
followed by topical or infi ltration calcium therapy 
to the nail bed [ 15 ]. 

 In the case of HF burns to the hands and digits, 
intra and para-lesional calcium gluconate infi ltra-
tion poses several disadvantages including pain, 
additional trauma, risks of tissue or compartmental 
injury from pressure, limitations to the volume of 
calcium gluconate that can be injected, and the 
need to remove the nail(s) for subungal injuries 
[ 21 ]. Intra-arterial infusions of calcium  gluconate   
are an effective way to deliver neutralizing calcium 
to the hand and digits while avoiding the risks from 
direct soft-tissue injection of calcium gluconate. 
Depending on the distribution of the burn in the 
hand, either a radial or brachial artery 20-G cathe-
ter is inserted percutaneously [ 15 ,  23 ,  26 ,  27 ]. 
Next, 1–2 g of calcium gluconate is infused over 
4 h. In the original protocol [ 27 ], 50 mL of 4 % 
calcium gluconate was used, whereas others have 
used 10 mL of 10 % calcium gluconate in 40 mL 
saline [ 21 ,  27 ,  28 ]. This cycle is then repeated 
every 4–12 h if pain is not alleviated [ 21 ,  27 ,  28 ]. 

 Intra-arterial calcium infusion is not without 
risk and should only be considered for severe 
hand and digital burns from concentrated HF. The 

technique has also been adapted for HF burns to 
other body areas including the arm (axillary 
artery), lower extremities (femoral artery), and 
face (carotid artery) [ 29 ]. 

  Inhalation   of HF fumes can occur easily 
because HF is highly volatile [ 20 ]. Therefore, it 
should be suspected whenever a patient presents 
with extensive HF burns, clothing soaked in HF, 
burns from highly concentrated HF (>50 %), or 
head and neck burns [ 20 ]. Suspected HF inhala-
tion should be managed as a high-risk HF burn 
and specifi c pulmonary treatment includes pro-
phylactic intubation, provision of 100 % oxygen, 
and inhalational delivery of nebulized 3 % cal-
cium gluconate [ 20 ]. 

 Very rarely, immediate surgical excision of 
severe burns from concentrated HF may need to 
be considered in situations where systemic toxic-
ity is not brought under control through the 
above-described methods of local neutralization 
with systemic calcium replenishment [ 15 ].  

     Lye Burns      

 Lyes are strong corrosive alkalis and include 
sodium hydroxide, potassium hydroxide, ammo-
nium hydroxide, and calcium hydroxide [ 6 ]. 
These strong alkalis are commonly found in 
household cleaning solutions and drain cleaners. 
Because of their wide availability, lyes are also 
frequently used in suicide attempts by ingestion 
and as a weapon in personal assault [ 4 ]. Lyes 
penetrate skin and soft tissue easily and demand 
more aggressive and prolonged irrigation as 
compared to other chemicals. Ocular lye burns 
are particularly serious and have the greatest 
potential to infl ict severe damage to the eye. 
Therefore, heightened attention to the eyes is 
necessary when initially treating a patient with 
lye burns.  

     Cement Burns      

  Calcium oxide (CaO),   also known as “quick-
lime,” is a major component of cement and 
when combined with water it forms calcium 
hydroxide, one of the potent alkalis (Lyes) 
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described above. Wet cement causes burns usu-
ally when there is prolonged contact of soaked 
clothing or boots with the worker’s skin [ 2 , 
 30 ]. Alternatively, dry lime dust may collect 
around a worker’s wrist at the glove line or leg 
at the sock line and be activated to the injurious 
calcium hydroxide by perspiration. These burns 
develop insidiously with little pain being 
noticed and recognition of the burn may occur 
hours or even days after the injury [ 30 ]. Again, 
due to the potent penetrating capability of cal-
cium hydroxide, these burns may end up being 
very deep and often require surgical care 
(Fig.  16.2 ).

        Sulfuric Acid Burns      

 Sulfuric acid burns are probably the commonest 
type of acid burn. Also known as “oil of vitriol,” 
sulfuric acid is found in commonly available 
acidic drain cleaners and in lead acid batteries. 
Again, because of its availability, it is frequently 
used by assailants attempting to injure and maim 
victims. This corrosive and strong desiccant pro-
duces painful burns which rapidly form a hard, 
dry eschar [ 6 ]. While copious water lavage is 
always helpful and rarely causes harm, there is 
some exothermy when concentrated sulfuric acid 
mixes with water. Therefore, it is sometimes 

  Fig. 16.2    ( a )          Cement burn to the left knee that went 
unrecognized initially with the worker presenting 48 h 
later. ( b ) Extremely deep injury at debridement with 

exposure of patella and knee joint. ( c ) Immediate cover-
age with lateral gastrocnemius muscle fl ap.  d ) result at 1 
month with full knee extension actively       
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 recommended to attempt neutralization by scrub-
bing fi rst with a soapy solution before proceeding 
with copious  water      lavage [ 6 ].  

     Hydrochloric Acid Burns      

 Hydrochloric acid which, in its highly concen-
trated form, is called muriatic acid is used in a 
variety of settings including some household 
cleaners, industrial plastic manufacturing, pool 
water neutralization, and leather processing. It 
is a strong, corrosive, and desiccant and, like 
sulfuric acid, produces painful hard leathery 
eschars and ideally is neutralized with a soapy 
solution in conjunction with copious water 
lavage [ 6 ].  

     White Phosphorus Burns      

 White phosphorus is commonly encountered in 
military or terrorism settings as it is a key com-
ponent in munitions. However, in the civilian 
sector, white phosphorus is also found in fertil-
izers and fi reworks. White phosphorus injuries 
are considered both thermal and chemical burns 
and usually following an explosion white phos-
phorus particles end up embedded in the skin 
and soft tissues [ 31 ]. This induces not only a 
chemical injury as white phosphorus acts as a 
corrosive, but also as a thermal injury when it 
auto-ignites on exposure to air [ 31 ]. White 
phosphorus also causes life-threatening sys-
temic toxicity from hypocalcaemia and/or 
hyperphosphatemia [ 31 ]. These burns should 
initially be managed by copious lavage with 
cool water and the wounds should be kept cov-
ered with continuously moist saline compresses 
or dressings. Visible white phosphorus particles 
should be removed and placed in cold water as 
they will auto-ignite on exposure to air and 
immediate surgical  debridement is frequently 
indicated [ 31 ]. Topical copper sulfate is not 
used as a neutralizing agent, but rather it is 
applied to turn the embedded white phosphorus 
particles and debris black in order to help with 
identifi cation and debridement.      
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          Nonfreezing Cold Injury 

 Pernio, or chilblain, is a mild form  of   nonfreezing 
cold injury resulting from cold-induced vasculitis 
and  associated   with repeated non-immersive 
exposure to temperatures just above freezing. 
Patchy areas of erythema and cyanosis with 
purple- hued plaques and nodules characterize it; 
no freezing of the tissue occurs. Pernio is most 
commonly seen on the face, anterior tibia, and 
hands and feet. Treatment in the period surround-
ing a pernio injury is to get the patient to warm 
shelter where they can gradually rewarm. It is 
often self-limited with resolution within 2 weeks 
of injury, but areas of epidermal injury may blis-
ter, ulcerate, scar, or atrophy [ 1 ]. Patients may 
experience pain, pruritis, and recurrence of der-
mopathy with future cold exposures. 

 Nonfreezing injury of the feet and hands is com-
monly referred to as trenchfoot or immersion foot. 
Chronic or repeated exposure to wet conditions at 
temperatures between 1 and 10 °C causes injury to 
sympathetic nerves and blood vessels, particularly 
in the extremities. In the early vasospastic phase, 
the tissue is cold to the touch and is essentially 
insensate. Approximately 24–48 h after the initial 

exposure and rewarming, the involved tissue 
becomes hyperemic with blisters, erythema, and 
ulceration; intense pain also characterizes this 
vasodilated phase of the injury. Because of the 
moisture component, nonfreezing cold injury has a 
particular risk for development of cellulitis and 
therefore should be monitored closely. An addi-
tional phase may occur with a secondary exposure 
2–6 weeks following the initial injury in which the 
tissue becomes cyanotic and the patient has height-
ened sensitivity to cold in the affected area. 

 Management recommendations  for   nonfreez-
ing cold injury include removal from the cold 
environment and slow, dry rewarming of  the 
  affected extremity or extremities. Elevation helps 
to ameliorate edema formation, and pressure- 
bearing areas should be padded and protected 
from secondary injury. The worst sequelae of 
nonfreezing cold injury derive from the damage 
to the sympathetic nerves and blood vessels, and 
include persistent edema and hyperhidrosis, or 
severe chronic neuropathic pain with ulceration 
and tissue loss [ 2 ]. Almost all patients who sus-
tain nonfreezing cold injury will have long-term 
increased cold sensitivity.  

    Frostbite 

 The key differentiating characteristic between 
nonfreezing cold injury and freezing cold injury 
(frostbite) is the development of ice crystals in 
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and around the cells of the affected tissues in 
frostbite. Frostbite may be  characterized   as 
superfi cial, traditionally known as fi rst and sec-
ond degree, or deep, traditionally described as 
third or fourth degree; these clinical categoriza-
tions are similar to those for burn injuries. 

 The best means  of   treatment  for   frostbite is 
primary prevention. The homeless and mentally 
ill are the most persistent population of frostbite 
patients, with alcohol and drug use exacerbating 
the risk of frostbite injury [ 3 ,  4 ]. Frostbite has 
become more common in the USA due to increas-
ing interest in wilderness and adventure activi-
ties, particularly extreme sports during inclement 
weather. Measures to decrease frostbite risk dur-
ing cold-weather wilderness activity include 
wearing appropriate dry and wind/water-resistant 
clothing, seeking appropriate shelter in response 
to changing conditions, and performing “cold 
checks” of at-risk or suspect areas [ 2 ,  5 ]. 

    Clinical Presentation of Frostbite 

 Frostnip is the mildest form of freezing cold 
injury and is a transient epidermal process with 
no resulting dermal involvement.    Numbness and 
tingling occurs in the affected body part and the 
involved skin becomes pale and insensate. The 
skin is hyperemic upon rewarming and blistering 
does not occur. Of note, no ice crystal formation 
occurs to cause residual damage to the tissues if 
the patient is removed from the cold environment 

and rewarmed, though it may serve as a harbin-
ger of more severe freezing cold injury if shelter 
is not sought. 

 Frostbite is the most severe type of cold tissue 
injury and may result in tissue necrosis and loss 
in its most pronounced form.    Tissue damage sus-
tained from frostbite is the result of microvascu-
lar thrombosis and electrolyte content changes in 
the frozen tissues, as well as subsequent isch-
emia–reperfusion injury with rewarming. In 
superfi cial frostbite, the characteristic vesicles 
contain clear  fl uid   and the underlying tissues are 
characterized by limited, if any, dermal involve-
ment (see Fig.  17.1 ). Long-term tissue loss 
should not occur in superfi cial frostbite with 
rapid rewarming and appropriate local tissue 
care. In contrast, deep frostbite vesicles are hem-
orrhagic due to the presence of subdermal injury 
(see Fig.  17.2 ). Even with rapid rewarming and 
best local wound care, permanent tissue loss will 
result. Deep frostbite can injure to the level of 
tendon and bone and typically progresses to 
thick, black eschar over the weeks following ini-
tial injury (see Fig.  17.3 ).

         Management of Frostbite 

    Initial and Field Management 
 Systemic cold injury  often   accompanies local 
frostbite injury. Since hypothermia is life threat-
ening, it should be managed before formal treat-
ment of frostbite is initiated. Frostbitten tissue is 

  Fig. 17.1    Superfi cial  frostbite    injury   ( a ) Blisters intact ( b ) Blisters unroofed       
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extremely fragile and is at risk for further damage 
and therefore it should be handled gently at all 
times. Historical recommendations for rubbing 
affected parts in ice and snow are now under-
stood to potentially cause further tissue damage 
and should be disregarded. If a patient with frost-
bite is at risk of refreezing the involved tissue in 
the very short term (e.g., an Alpine expedition in 
which evacuation may be delayed), it is prefera-
ble to not proceed with formal rewarming until 
the patient can safely reach defi nitive care; 
refreezing and rethawing is more damaging to 
the affected tissue than maintaining it in a frozen 
state [ 6 ]. Injured areas are typically insensate and 
therefore should also be carefully mechanically 
protected during transport and during long-term 
care of frostbite injury. 

 The current State of Alaska guidelines recom-
mend rewarming of frostbitten extremities in a 
circulating water bath of 37–39 °C. This temper-
ature  range   does not substantially increase the 
time to rewarming from previous recommenda-
tions of 40 °C but results in less pain for the 

patient during the rewarming process [ 2 ,  7 ]. 
Formal thawing in a water bath usually occurs in 
about 30 min, but may require as little as 15 min 
or as long as an hour [ 2 ]. Clinical fi ndings that 
demonstrate rewarming include return of sensa-
tion, most often manifested as signifi cant pain in 
the cold injured extremity, fl ushing at the distal 
aspect of involved extremities, and pliability of 
previously frozen tissues [ 7 ]. Because of the pain 
associated with rewarming, administration of 
narcotics is appropriate [ 8 ]. In addition, because 
these are tetanus-prone wounds, the patient’s 
tetanus  immunization   should be verifi ed and 
updated as appropriate [ 2 ,  5 ,  7 ,  9 ].  

    Post-thaw Management 
 The timing of patient presentation with frostbite 
infl uences the available management options. 
Patients who arrive at a site for defi nitive man-
agement within 24 h of their thaw time are con-
sidered an acute presentation and have a broader 
range of therapeutic options. Delayed presenta-
tions of frostbite occur more than 24 h after tissue 
thawing, sometimes days to weeks later. 

   Nonsurgical Therapies 
 Local care  to   protect and heal the soft tissues is 
the top priority once rewarming is complete. 
Unroofi ng of blisters is a matter of controversy 
and current recommendations leave this to pro-
vider discretion [ 5 ,  9 ]. The most practical justifi -
cation for unroofi ng blisters is the improvement 
in the clinician’s ability to assess the status of the 
underlying tissues. Heggers’ work more than 25 
years ago showed that high levels of pro- 
infl ammatory cytokines PGF 2α  and TXB 2 , as well 
as diminished levels of anti-infl ammatory PGE 2 , 
are present in blister fl uid following both burns 
and frostbite [ 10 – 12 ]. This altered chemokine 
milieu results in vasoconstriction of the involved 
tissue, increased leukocyte adherence, and 
increased platelet aggregation, all of which cause 
progressive dermal ischemia;[ 11 ,  13 ] this 
 scientifi c work suggests that blister debridement 
may limit further local tissue damage. 
Hemorrhagic blisters have a slightly different 
pathophysiology, with the hemorrhage occurring 
due to damage to subdermal structures. Therefore, 

  Fig. 17.2    Deep  frostbite injury   with hemorrhagic 
vesicles       
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debridement of these blisters may worsen the 
underlying soft tissue injury [ 14 ]. 

 Aloe vera counteracts the arachidonic acid 
cascade and therefore may have value as a topi-
cal agent in the care of frostbitten areas. 
Multimodal therapy using oral NSAIDs, topical 
aloe vera, and systemic penicillin resulted in 
less tissue loss, fewer amputations, and 
decreased hospital stay versus patients managed 
with traditional topical antimicrobials [ 15 ]. 
   Topical aloe vera alone was credited with clini-
cally signifi cant tissue salvage in these patients, 
and subsequent recommendations have called 
for the use of aloe vera rather than topical anti-
microbials like silver sulfadiazine or mafenide 
acetate [ 2 ,  5 ,  9 ,  15 ]. Local tissue care should 
include mechanical protection of injured areas 
by careful padding and splinting, as well as ele-
vation to limit edema formation [ 5 ,  7 ,  9 ,  14 ]. 
Routine antibiotic prophylaxis is not supported 
by evidence [ 5 ]; current recommendations limit 
systemic antibiotic use to coverage of skin fl ora 
in patients who are experiencing signifi cant 
edema and therefore are at risk of developing 
soft tissue infection [ 2 ,  9 ]. 

 Pharmacologic management of  the   frostbite 
patient includes blockade of the arachidonic acid 
pathway to counteract the systemic infl ammatory 
response to local cold injury. The use of ibupro-
fen, which specifi cally blocks TXA 2,  provides the 
most effective NSAID management in frostbite 
[ 2 ,  5 ,  7 ]. Pentoxifylline, a phosphodiesterase 
inhibitor primarily used in claudication, improves 

red blood cell fl exibility and may decrease blood 
viscosity, which may limit microvascular sludg-
ing and thereby diminish thrombus formation in 
small vessels. Pentoxifylline has been shown in 
an animal model to improve tissue viability in 
conjunction with topical aloe vera [ 16 ]. Current 
recommendations for dosing of pentoxifylline at 
400 mg TID for 2–6 weeks following injury are 
based upon a single study of pedal frostbite [ 17 ]. 
Potential benefi t for iloprost, a prostacyclin ana-
logue that also serves as a vasodilator, has been 
demonstrated, although all data are preliminary 
and it is not currently available for use in the 
USA [ 18 ]. Studies of both pentoxifylline and ilo-
prost in frostbite are ongoing in Europe and their 
use should not yet be considered as standard of 
care, though in time both may provide good phar-
macologic options in frostbite. 

 The most notable clinical advances  in   the care 
of frostbite in the last 50 years have centered on 
thrombolytic therapy. Publications from the two 
groups in Minneapolis–St. Paul and the Center 
in Utah have shown signifi cantly improved digit 
salvage with the use of tissue plasminogen acti-
vator (t-PA) [ 19 – 21 ]. Current data indicate that 
the benefi ts of t-PA in the management of frost-
bite are limited because it is only effective within 
24 h of thaw, meaning it may not be an option for 
patients who are injured in austere and remote 
environments. While digital salvage is improved 
with the use of TPA, the long-term functional 
impact of this salvage has not been documented 
to date.  

  Fig. 17.3    Deep  frostbite injury   with 
dry gangrene and mummifi cation, 8 
weeks post-injury       
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   Imaging and Surgical Management 
 Scintigraphy may have benefi ts in shortening  the 
  time line for surgical management of frostbite 
injury, which is historically based upon the adage, 
“Frostbite in January, amputation in July.” Over 
20 years ago,    Mehta found that perfusion and 
blood pooling phases demonstrated at-risk tissue 
and the bone phase showed deep tissue and 
bone infarction within 4 days of injury [ 22 ]. 
Scintigraphic studies have been shown to corre-
late with surgical fi ndings in several studies, 
although the correlation may be best at 7–10 days 
following injury [ 23 ,  24 ]. Two different protocols 
have been published using the fi ndings from scin-
tigraphy to direct early surgery following frost-
bite injury [ 25 ,  26 ]. Greenwald’s protocol uses 
early scintigraphy followed by operative inter-
vention at 7–10 days following injury [ 25 ]. 
Cauchy extends the time frame for early opera-
tive intervention to 10–15 days post injury with 
bone scan, citing the rationale of decreased wait-
ing time for the patient, decreased infection risk, 
and earlier progression to rehabilitation [ 26 ]. 
Adoption of either protocol has been limited 
based upon worse historical frostbite outcomes 
with early surgery, meaning that the prevalent 
clinical practice remains to time surgery any-
where from 4 weeks to 3 months following injury 
[ 8 ,  9 ]. This provides time for tissues  to   clearly 
demarcate to a clinician experienced in the care 
of frostbite.     

    Unintentional Hypothermia 

 In distinction to the morbid but not mortal nature 
of tissue-based cold injury, hypothermia is asso-
ciated with signifi cant mortality. From 2003 to 
2013 in the USA, more than 13,000 deaths 
occurred that were attributable to hypothermia 
[ 27 ]. Death from hypothermia is more likely to 
occur in older males, and is more common among 
the mentally ill and in association with intoxica-
tion [ 27 ]. Primary hypothermia is  caused   solely 
by cold environmental exposure.    Secondary 
hypothermia includes an environmental exposure 
with a mitigating factor that diminishes the 
patient’s ability to thermoregulate [ 28 ]. Both 
types of environmental hypothermia result in a 
progressive response with loss of adaptation as 
patient core temperature decreases to below 35 
°C. Factors that may exacerbate cold exposure 
include age, general health, and intoxication; 
each of these may impair a patient’s ability to 
respond to cold exposure, worsening the severity 
of hypothermia. 

    Physiologic Response 
to Environmental Hypothermia 

 Because of the characteristic progression of 
hypothermia, it is commonly classifi ed into a 
spectrum of mild, moderate, and severe. These 

   Table 17.1     Physiologic    fi ndings   based upon severity of hypothermia   

 Severity  Cardiac  Respiratory  Renal/electrolytes  Neurologic 

 Mild (32–35 
°C) 

 Tachycardia; normal 
blood pressure 

 Tachypnea  No notable changes  Progressive confusion 

 Moderate 
(28–32 °C) 

 Arrhythmias; J wave 
on EKG; decreased 
heart rate and blood 
pressure 

 Decreased 
respiratory rate, 
progressive 
respiratory acidosis 

 “Cold diuresis;” 
hyperkalemia; 
hyperglycemia 

 Stupor; muscle 
rigidity; pupillary 
dilation 

 Severe (≤28 
°C) 

 Susceptibility to 
ventricular fi brillation 
or asystole; 
hypotension 

 Apnea; pulmonary 
edema 

 Continued cold diuresis; 
major acid-base 
disturbances 

 Arrefl exia with fl accid 
muscles; loss of 
consciousness; loss of 
pupillary response 
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categories are clinically meaningful, both  for   the 
physiologic responses within each (see Table 
 17.1 ) and in terms of the optimal management 
strategy based upon severity.

   In the mild stages of hypothermia (32–35 °C) 
thermoregulation is still intact and patients will 
present with shivering as their body attempts to 
rewarm through an increased metabolic rate. 
These patients may also have elevations in heart 
rate and respiratory rate, again associated with 
physiologic attempts at compensation. Confusion 
can occur with mild hypothermia, resulting in 
patients not realizing their need for warmth or in 
disorientation as they seek an environment for 
rewarming. 

 Thermoregulation and shivering both are lost 
with moderate hypothermia (28–32 °C). In con-
trast to the hypermetabolic, hyperdynamic physi-
ology observed in mild hypothermia, these 
patients become bradycardic and typically will 
have evidence of hypoventilation. The moder-
ately hypothermic patient will show signs of agi-
tation with progression to somnolence—again, a 
signifi cant danger if patients are isolated in a 
remote or austere environment. 

 Severe hypothermia (≤28 °C) is characterized 
 by   ongoing rapid cooling; patients can progress 
quickly from mild to severe hypothermia once 
they lose their ability to thermoregulate. A char-
acteristic EKG fi nding in patients with severe 
hypothermia is the presence of a J (Osborne) 

wave; the Osborne wave does not have prognos-
tic signifi cance, in contrast to the association of 
atrial fi brillation and junctional bradycardia with 
mortality [ 29 ]. Because of the severely depressed 
metabolic rate, patients with severe hypothermia 
may present in asystole and with apnea. From a 
neurologic standpoint, these patients are usually 
comatose.  

    Evaluation and Management 

 Initial evaluation of the patient  with   hypothermia 
involves determination of the severity of their 
hypothermia. Many of the traditional methods for 
determining temperature are inaccurate in this 
patient population, requiring use of a calibrated 
low-reading thermometer or by insertion of a 
thermistor probe into the lower third of the 
esophagus [ 30 ]. Patients with mild hypothermia 
can be successfully managed in the  fi eld   with 
appropriate training and resource availability if 
there are no associated injuries or medical condi-
tions requiring a higher level of care; patients 
with moderate to severe  hypothermia require 
  transfer to a medical center as soon as safely pos-
sible. While in transport, these patients should be 
handled gently and kept horizontal because of the 
risk of ventricular fi brillation [ 7 ]. Because of the 
life-threatening nature of hypothermia, patients 
who have cold injury to their tissues should be 

   Table 17.2     Laboratory test      fi ndings in hypothermia   

 Laboratory test  Findings of relevance (severity of hypothermia) 

 Amylase  Hyperamylasemia (moderate or severe) 

 Arterial blood gas  Decreased pCO 2  (moderate or severe) 
 Decreased pO 2  (moderate or severe) 
 Decreased pH (moderate or severe) 

 Coagulation  profi le    Elevated prothrombin time (moderate) 
 Elevated partial thromboplastin time (moderate) 
 Disseminated intravascular coagulopathy (severe) 

 Complete blood count  Elevated hemoglobin and hematocrit (moderate) 
 Decreased hemoglobin and hematocrit (severe) 

 Complete metabolic 
panel 

 Hyperkalemia (moderate or severe) 
 Hyperglycemia (moderate or severe) 
 Elevated transaminases (severe) 

 Creatine kinase  Elevated CK (severe) 

 Lactic acid  Lactic acidosis (moderate or severe) 
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systemically warmed before treatment of their 
tissue injury is initiated. 

 Several basic laboratory values can be helpful 
in the initial management of the patient with 
moderate to severe  hypothermia.   These values 
and key fi ndings for each are presented in Table 
 17.2 . Metabolic panel abnormalities are particu-
larly relevant in severe hypothermia because of 
their impact on patient care strategies. Insulin 
therapy for hyperglycemia is not recommended 
because of the potential for rebound hyperglyce-
mia with rewarming. In addition, ongoing clini-
cal treatment of hypothermia in a patient with a 
serum potassium level greater than 10 mmol per 
liter is controversial, and greater than 12 mmol 
per liter is considered futile [ 30 ].

   Formal evidence for the use of different 
rewarming techniques for environmental hypo-
thermia is limited; clinical practice is usually 
driven by physiologic principles.    In general, 
rewarming practices include the use of passive 
rewarming for mild hypothermia and escalating 
levels of intensity of active rewarming for more 
severe hypothermia. Passive warming is noninva-
sive and involves the patient’s removal from the 
cold environment, coupled with placement of 
blankets or other insulative materials. In order for 
passive warming to be effective, the patient’s abil-
ity to thermoregulate must still be intact, meaning 
that it is only effective in mild hypothermia. 

 In contrast, active warming may be external or 
internal, and involves direct transfer of heat to 
the patient. The use of active techniques for mod-
erate to severe hypothermia is driven by the loss 
of thermoregulation in these patients and their 
risks of cardiac arrhythmias.    Active external 
rewarming includes the use of warming blankets 
or forced air blankets, heating pads, overhead 
heaters, or immersion in warm water. A key cau-
tion with most external rewarming techniques is 
the potential for thermal injury to the hypoper-
fused skin. Active internal, or core, rewarming is 
often used in conjunction with active external 
techniques and may be the central focus for 
rewarming of a severely hypothermic patients. 
Active core measures include heated intravenous 
fl uids, peritoneal or thoracic lavage with warm 
fl uids, and heating of air for ventilated patients. 

Extracorporeal rewarming is typically reserved 
for the most severe cases of hypothermia, includ-
ing patients in full cardiac arrest, and has shown 
reasonable survival results in this population 
[ 31 ]. Multiple techniques exist for extracorporeal 
blood rewarming, including creation of a venove-
nous circuit, use of a hemodialysis or arteriove-
nous circuit, or cardiopulmonary bypass. The key 
disadvantage of cardiopulmonary bypass lies in 
the need for systemic anticoagulation in a patient 
population with a preexisting coagulopathy 
resulting from hypothermia.      
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          Introduction 

 Burn centers often manage skin diseases other 
than acute thermal injuries. These skin diseases 
are typically categorized as exfoliating and nec-
rotizing soft tissue diseases, and include toxic 
epidermal necrolysis (TENS) or Stevens–
Johnson syndrome (SJS), necrotizing soft tissue 
infections (NSTI), and purpura fulminans (PF). 
The severity of these diseases may vary from 
mild and local with minimal systemic manifesta-
tions to 100 % total body surface area (TBSA) 
involvement with severe, multisystem dysfunc-
tion. The unifying characteristic of these diseases 
is skin and soft tissue compromise and thus these 
patients are best managed in burn centers with 
expertise in wound care.  

    Toxic Epidermal Necrolysis 
and Stevens–Johnson Syndrome 

    Defi nitions 

 TENS and SJS represent different points on  a 
  severity spectrum of exfoliating skin diseases 
[ 1 – 3 ]. There are multiple classifi cation schemes 
for these diseases. A simple and useful classifi ca-
tion stratifi es the disease into two entities based 
on the degree of cutaneous involvement. 
Consensus publications usually defi ne SJS when 
the skin involvement is less than 10 % TBSA and 
TENS when the skin involvement is greater than 
30 % TBSA. When the skin lesions are between 
10 and 30 % TBSA, this is labeled as SJS-TENS 
overlap [ 4 ]. However, in the USA, it is common 
to refer the disease as SJS when the skin disease 
is less than 30 % and TENS when it is greater 
than 30 % [ 5 ]. This simple convention will be 
followed here. Both SJS and TENS also manifest 
additional mucosal surface lesions (e.g., eye, 
mouth, and gastrointestinal tract). The lack of 
additional mucosal involvement should bring the 
diagnosis of either SJS or TENS into question. 
For simplicity sake, the following manuscript 
uses the term TENS/SJS to refer to this spectrum 
of exfoliating skin diseases.  
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    Etiology and Pathogenesis 

 Most cases of TENS/SJS are caused by a reaction 
to a newly administered medication [ 4 ,  6 – 8 ]. 
Many causative medications and groups  of   medi-
cations have been described but the most fre-
quently implicated drugs can be grouped as 
follows:

•    Antibiotics, particularly sulfonamides, β lac-
tams, and quinolones.  

•   Anticonvulsants, such as phenytoin, carbam-
azepine, and phenobarbital.  

•   Nonsteroidal anti-infl ammatory drugs 
(NSAIDS).    

 Additionally, upper respiratory infections, 
acute pharyngitis, otitis media,  Mycoplasma 
pneumonia  infections, and viral infections, 
including HIV, have been associated with the 
development of TENS/SJS [ 9 ]. It is not unusual 
for a patient with TENS/SJS to report no new 
medications or preceding illness. There is sound 
evidence that TENS/SJS may have a genetic 
component [ 10 ,  11 ]. 

 The pathogenesis of TENS/SJS  involves   a 
medication-induced immune reaction against 
keratinocyte and mucosal epithelial cells result-
ing in apoptotic-type death in these cells followed 
by subsequent widespread epithelial necrosis and 
sloughing. The precise mechanisms of this pro-
cess remain elusive. The immune reaction 
appears to be a T-cell mediated process similar to 
graft versus host disease. Pro-apoptotic signals 
such as tumor necrosis factor alpha (TNF-α), 
Fas-FasL, and granzyme B are also overex-
pressed and elevated in TENS/SJS patients. 
Perforin, a cytotoxin produced by killer lympho-
cytes, is elevated early [ 4 ,  5 ]. Interleukins 6 and 
10 are also elevated [ 12 ,  13 ].  

    Clinical Features and Diagnosis 

 TENS/SJS often begins  with   fever, lethargy, and 
myalgia. This may be accompanied by cough, 
dysphagia, vomiting, and/or diarrhea. It is not 
unusual for the rash to present either before or 
without these generalized symptoms. 

 The rash is erythematous and macular with 
lesions of differing sizes. The rash tends to begin 
on the trunk symmetrically and progress centrifu-
gally. The lesions tend to expand in size and then 
coalesce. As fl uid accumulates within the indi-
vidual maculae,    they begin to appear as target 
lesions with a dark center and lighter periphery. 
At this time, the lesions may spontaneously 
slough. Alternately, manual pressure on the blis-
tered lesions may cause sloughing. This is referred 
to a  Nikolsky’s sign.   Nikolsky’s sign is not 
pathognomonic for this disease, and lack of the 
 sign   does not rule out the disease.  Once   blistering 
and sloughing as started, it typically progresses 
rapidly and may advance to total epidermal loss 
(see Figs.  18.1 ,  18.2 ,  18.3 , and  18.4 ).

      Histologic examination reveals sloughing at 
the epidermal–dermal junction and keratinocyte 
necrosis. There may be a slight infl ammatory 
infi ltrate of lymphocytes and mononuclear cells, 
but the infl ammation is rarely extensive. 

 Involvement of the blistering and sloughing 
process involves other mucosal surface with 
stratifi ed epithelial surfaces. The mouth and 
 upper   gastrointestinal tracts are often involved 

  Fig. 18.1    TENS/ SJS   target lesions and blisters       
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leading to dysphagia and inability to eat and 
drink normally. Involvement of the upper respira-
tory tract may cause cough and shortness 
of breath. Patients often require intubation. 
Ocular involvement can cause conjunctivitis and 

 subsequent bacterial superinfection. Finally, the 
vagina and anus can also be affected [ 14 ,  15 ]. 

 The  diagnosis   can often be made based on his-
tory and physical examination alone. However, if 
the diagnosis is unclear, it can be confi rmed with 
skin biopsy at the border of one of the lesions fol-
lowed by histology [ 16 ]. The differential diagno-
sis of TENS/SJS includes staphylococcal scalded 
skin syndrome, erythema multiforme, pemphigus 
vulgaris or bullous pemphigoid, and impetigo or 
other infectious skin disorders.  

    Treatment 

 Treatment of TENS/SJS includes supportive 
care, wound management, and specifi c pharma-
cologic or immune therapies and interventions. 
Patients should be cared for in or transferred to a 
burn center or wound care center staffed with 
health care professionals who have experience in 
treating this disease process and caring for com-
plex wounds [ 17 ,  18 ]. 

  Supportive care   begins with prompt discon-
tinuation of any possible inciting medications. 
Fluid and electrolyte repletion is performed with 
intravenous fl uid resuscitation. The volume of 
fl uid replacement is dictated subsequent urinary 
output [ 19 ]. Analgesia and anxiolysis using intra-
venous medications are initiated. Nutrition is 
important for wound healing and must be pursued 
aggressively. If patients are able to tolerate PO 
intake, they should be allowed to do so. Often the 
oral and/or gastrointestinal involvement precludes 
this. Under these circumstances and feeding tube 
is placed and enteral nutrition provided. It is rare 
for patients to require total parenteral nutrition. 
Venous thromboembolism and stress ulcer pro-
phylaxis are provided. Prophylactic antibiotics 
are not indicated. Antibiotics should be adminis-
tered for strongly suspected or documented infec-
tious complications only. Patients should have 
physical and occupational therapy as tolerated. 

 The primary goals  in   wound management in 
TENS/SJS are to provide a moist healing envi-
ronment and to prevent infection. Once the 
sloughing process has begun, gentle debridement 
and removal of the nonviable and exfoliated epi-
dermis is indicted. Debrided wounds must be 

  Fig. 18.2    TENS/ SJS   Nikolsy’s sign       

  Fig. 18.3    TEN/ SJS   desquamating lesions       

  Fig. 18.4    TEN/SJS desquamating lesions       
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dressed to facilitate healing and to prevent 
 infection. The ideal wound dressing will not 
impede the normal healing process, will protect 
the wound from desiccation and absorb exudate 
thus avoiding maceration, will prevent infection, 
be easy to apply and comfortable. Numerous 
dressings meet the above criteria and have been 
used successfully. These include topical antibiot-
ics such as silver sulfadiazine or sulfamylon 
cream, bismuth impregnated gauze, calcium algi-
nate, biologic materials such as xenograft (pig 
skin) or allograft (cadaver skin), or a synthetic 
bilaminar membrane. Recently, silver dressings 
have been used successfully. These include silver 
impregnated hydrofi ber or silver impregnated 
foam dressings [ 20 – 25 ]. 

 Specifi c pharmacological or  immune thera-
pies   have not been shown to have defi nitive ben-
efi t in TENS/SJS [ 26 ]. Nevertheless, several of 
these therapies are still routinely used in some 
centers. Probably the most common intervention 
used in TENS/SJS is the administration of corti-
costeroids. For many years corticosteroids were 
used because of the potential effect on blunting 
the immune system and thus hopefully alleviat-
ing TENS/SJS symptoms. Today there is no evi-
dence that corticosteroids have any utility in 
TENS/SJS; indeed, some investigators think cor-
ticosteroids may be detrimental because of the 
possibility of increased infectious complications. 
   Other immunosuppressive agents such as cyclo-
phosphamide, cyclosporine, and infl iximab have 
also not been shown to have defi nitive benefi t. 

  Plasmapheresis is a   process where plasma, the 
acellular liquid component of blood is separated 
and removed from the cellular component. The 
plasma component contains antibodies and pre-
sumably its removal will also remove the patho-
genic antibodies responsible for causing TENS/
SJS. There are multiple reports of successful use 
of plasmapheresis in TENS/SJS, but there cur-
rently is no consensus on the routine use of this 
treatment in TENS/SJS [ 4 ,  5 ,  27 ]. 

 Human  intravenous immunoglobulin (IVIG) 
  is a fairly new treatment modality for TENS/
SJS. IVIG is pooled human immunoglobulin that 
is mostly IgG. The mechanism of action of IVIG 
is to block the cell surface receptor that is 

involved in the immune complex initiation of 
keratinocyte apoptosis. Initial reports utilizing 
IVIG in the treatment of TENS/SJS demonstrated 
reduced mortality. Subsequent studies have 
shown no benefi t or even worse mortality. And 
IVIG has potential adverse side effects. It repre-
sents a signifi cant colloid load, it may cause renal 
failure and it may be associated with thromboem-
bolic events. So at the present time it is unclear 
whether the effi cacy and risk–benefi t ratio of 
IVIG warrant its use in TENS/SJS [ 4 ,  5 ,  28 ].  

    Complications and Prognosis 

 Most young, healthy patients  who   experience 
uncomplicated TENS/SJS will recover com-
pletely and uneventfully within 10–14 days. 
Usually there are no long-term adverse sequelae. 
Even a large %TBSA desquamation will heal 
without scarring. Patients with comorbidities or 
patients who develop complications may have 
long-term adverse effects. Cutaneous events are 
unusual and include hypertrophic scarring, skin 
discoloration and nail dystrophies. Ocular com-
plications may be the most common and serious 
complications following TENS/SJS. To avoid 
complications, early ophthalmologic consulta-
tion is recommended. Complications include dry 
eye, entropion, synechiae, and symblepharon. 
These may lead to visual impairment and even 
blindness [ 29 – 31 ]. Other gastrointestinal and 
urogenital complications such as tongue tether-
ing and vaginal scarring may also occur. 

 SJS tends to have a better  prognosis   lower 
mortality than TENS (1–5 % compared to 
25–50 %). Additionally, increasing age, multiple 
and/or serious comorbidity(ies), and increasing 
%TBSA involvement tend to confer a worse 
prognosis. Bastuji-Garin et al. validated a scor-
ing system specifi c for TENS/SJS, which they 
called SCORTEN. This score assigns one point 
to each of seven independent variables. The mor-
tality is based on the sum of each of these vari-
ables. This is demonstrated in Table  18.1 . Several 
studies have validated this scoring system but 
other studies have demonstrated contradictory 
results [ 32 – 36 ].
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       Summary 

•     TENS/SJS is a medication-related exfoliating 
skin disease with necrosis of keratinocytes 
and sloughing of skin at the epidermal–dermal 
junction.  

•   Patients generally present with  a   progressive 
desquamating rash with or without systemic 
symptoms.  

•   The diagnosis can usually be made by history 
and physical examination but skin biopsy can 
confi rm the diagnosis in equivocal cases.  

•   Treatment is largely supportive with meticu-
lous wound care; specifi c treatments such as 
corticosteroids, plasmapheresis and IVIG are 
of unknown benefi t.  

•   Patients should be cared for in burn centers or 
other centers of excellence with experience 
with TENS/SJS and in advanced wound care.      

    Necrotizing Soft Tissue Infections 

    Defi nitions 

 Necrotizing soft tissue infections (NSTI)  are 
  characterized by bacterial infection of the subcu-
taneous tissues and muscle fascia causing necro-
sis of these tissues. The skin is often involved, 
and the infection can spread to underlying muscle 
and, and involve underlying neurovascular struc-

tures, and even bone. These infections have pre-
viously also been grouped under the  term 
  necrotizing fasciitis in testament to the ease at 
which the infection can infect and spread along 
the muscle facial plane. However, the infection 
affects tissue other than the fascia and the term 
NSTI is preferred.  

    Etiology and Pathogenesis 

 NSTIs are caused by bacteria that colonize and 
then infect the subcutaneous tissue and muscle 
fascia. This infection then spreads through the 
subcutaneous tissue and muscle fascia. The 
most devastating from of NSTI is cause by 
group A bet-hemolytic  Streptococcus , a skin 
 bacterium   that is part of the normal fl ora of 
human skin and typically is innocuous and 
nonpathogenic [ 37 ]. Under certain circum-
stances, the bacterium causes widespread and 
rapidly progressive necrosis of subcutaneous 
tissue, fascia, and skin, often leading to death 
in a matter of hours. Mortality for group A 
beta-hemolytic streptococcal NSTI is 
80–100 % [ 38 ]. 

 A second type of particularly virulent NSTI is 
cause  by    Clostridia  species. This type of NSTI is 
called gas gangrene and is leads to progressive 
necrosis of involved tissues and a high mortality 
rate. Fortunately, these two forms of NSTI are 
fairly rare. 

 NSTIs are most frequently polymicrobial 
infections, and are combinations of gram- positive, 
gram-negative and anaerobic bacteria.    Causative 
microorganisms include  Staphylococcus , 
 Streptococcus ,  Enterococcus ,  Bacteroides , and 
gram-negative enteric species such and  E. coli  and 
 Klebsiella  [ 39 ]. 

 Three patient factors predispose to  the   devel-
opment of NSTI. First, there is often a history of 
trauma or prior infection (abscess, carbuncle, 
furuncle, etc) that introduces bacteria into the sub-
cutaneous spaces. This history is not always pres-
ent and its lack does not exclude NSTI. Secondly, 
patients tend to have systemic disease that result 
in immunosuppression of inability to fi ght infec-
tion. This includes conditions such as diabetes 

   Table 18.1     SCORTEN   (Bastuji-Garin)   

 Prognostic parameter  Score 

 Age >40 years  1 

 >10 % TBSA involved  1 

  Malignancy    1 

 Heart rate > 120 BPM  1 

 Serum urea >28 mg/dl  1 

 Serum glucose >252 mg/dl  1 

 Serum bicarbonate <20 mEq/ l    1 

 SCORTEN (sum)  Mortality (%) 

 0–1  3.2 

 2  12.2 

 3  35.3 

 4  58.3 

  >  5    90.0 
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mellitus, chronic  immunosuppressive medication 
use, obesity, malnutrition, or intravenous drug 
use. Thirdly, patients may have peripheral vascu-
lar disease or poor blood supply to the infected 
areas. 

  Risk factors   for the development of NSTI 
include: immunosuppression, diabetes mellitus, 
alcoholism, peripheral vascular disease, intrave-
nous drug use, corticosteroids, HIV infection, 
malignancy, major trauma, and surgery. Events 
that precede the development of NSTI include 
 Varicella  infection, bone fractures, liposuction, 
insect bites, childbirth, and thermal injury [ 40 ]. 

 It is noted that NSTI can occur in otherwise 
healthy individuals with no predisposing factors 
whatsoever. Regardless of bacterial type and risk 
factors, the bacteria gain access to the subcutane-
ous space, colonize and then infect the local area, 
and then spread locally and distally.  

    Clinical Features and Diagnosis 

 The presenting signs and symptoms and clinical 
features of NSTI are highly variable depending 
upon the causative bacteria, site of initial infec-
tion,    and patient comorbidities. Typically, NSTIs 
begin as a localized cellulitis or abscess. The fi rst 
indication that the infection may be a NSTI is 
failure to respond to appropriate treatment (e.g., 
antibiotics, drainage). NSTI should be suspected 
when a patient presents with a local infection that 
is not improving with treatment or is worsening 
with treatment. It is not uncommon for patients to 
present with a fulminant NSTI never having 
sought medical attention [ 41 – 43 ]. 

 Patients with NSTI tend to have systemic 
manifestations of an infectious process and are 
usually toxic appearing, and have signs and 
symptoms of the systemic infl ammatory response 
syndrome (SIRS). They are typically febrile, 
tachycardic, and tachypneic. They may be hypo-
tensive and have mental status changes. Blood 
chemistry analysis typically demonstrates leuko-
cytosis often with immature leukocytes, and pos-
sibly elevated creatinine, acidosis with a negative 
base excess, and elevated lactate levels. 

 Examination of the  involved   skin and soft tis-
sues may reveal deceptively benign fi ndings that 
do not herald the serious nature of the underlying 
infectious process. The involved skin is usually 
erythematous, swollen, warm, and painful. It 
may be diffi cult to differentiate an active NSTI 
from simple cellulitis on physical examination. 
Patients with NSTIs tend to be systemically much 
sicker than patients with uncomplicated celluli-
tis. Additional fi ndings, which suggest NSTI, 
include the presence of crepitus, induration of 
overlying skin, a bluish discoloration to overly-
ing skin, the presence of blisters or bullae, espe-
cially hemorrhagic bullae, and purulence (see 
Figs.  18.5  and  18.6 )

    Plain radiographs of the involved extremities 
or computed tomography of involved areas may 
show subcutaneous air characteristic of NSTIs, 
and may suggest the presence and extent of 
necrosis especially myonecrosis. However, radio-
graphic studies have relatively low sensitivity and 
specifi city and take time to perform. A biopsy 
may show necrosis and the presence of bacteria. 

  Fig. 18.5     NSTI   necrotic skin lesion       
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A subsequent Gram’s staining may indicate 
whether the infection is gram-positive or 
gram-negative. 

 The diagnosis of NSTI is  a   clinical diagnosis 
and must be made on the skin and soft tissue fi nd-
ings on physical examination and the systemic 
toxicity of the patient. The ultimate diagnosis is 
made at the time of surgical exploration. If the 
diagnosis is unclear, the safest clinical course is 
to take the patient to the operating room for 
exploration. Surgical exploration in these cir-
cumstances can truly be considered an extension 
of a diagnostic physical examination. An explo-
ration that demonstrates no NSTI exposes the 
patient to a general anesthetic and local wound 
exploration. Failure to explore a patient with a 
NSTI will likely result in that patient’s death.  

    Treatment 

 The most important factors  in   successful man-
agement of NSTIs are rapid diagnosis and early 
surgical exploration with radical resection of 
infected tissues [ 44 ]. Once the diagnosis of NSTI 
is considered, the patient should have rapid and 
aggressive fl uid resuscitation. A bladder catheter 
should be placed to monitor urine output as an 
indication of resuscitation. Broad-spectrum anti-
biotics should be initiated immediately, and 
should be chosen to cover gram-positive, gram- 
negative, and anaerobic bacteria. Fluid resuscita-
tion, antibiotic administration, and diagnostic 

studies such as radiographs or CT scans should 
not delay surgery. 

 The initial incision is at or over the most 
severely infected area. The incision is carried 
down through skin and subcutaneous tissue to the 
level of the muscle fascia. If there is any concern 
of myonecrosis, the fascia is incised to examine 
muscle. All necrotic and grossly infected tissue is 
excised and removed. This usually requires exci-
sion of skin, subcutaneous tissue and fascia. 
Occasionally, necrotic or infected muscle must 
also be excised. Tissue is sent to microbiology 
for quantitative culture. The excision is continued 
proximally and distally until all abnormal tissue 
is excised. Tissue of questionable viability is 
excised until obviously normal tissue is reached. 
There is a tendency to attempt to preserve tissue 
of questionable viability and this is to be avoided. 
The best chance for successful outcome is exci-
sion of all infected, dead tissue at the time of the 
fi rst surgery. Adequate excision of an extremity 
may necessitate emergent amputation of that 
extremity. Attempts to preserve an extremity that 
will ultimately be nonfunctional because of the 
extent of resection are not warranted. 

 Following adequate excision  the   patient is 
placed in topical antibiotic solutions, continues 
to receive aggressive fl uid resuscitation, and con-
tinues to receive antibiotics that ultimately are 
tailored to quantitative culture and sensitivity 
testing. The patient is schedule for second look 
surgery in 12–24 h. Repeat surgeries are per-
formed every 12–24 h until the wound is com-
pletely free of nonviable tissue. Adjuvant therapy 
in addition to surgery, fl uid resuscitation, and 
intravenous antibiotic therapy remains of ques-
tionable benefi t. The use of plasmapheresis, 
IVIG, and hyperbaric oxygen has been reported. 
Results have been equivocal, and these treat-
ments cannot be recommended and standard 
therapy [ 45 ]. Reconstruction is initiated once the 
wound is completely clean and the patient is non-
toxic. Reconstruction typically consists of a com-
bination of negative pressure wound therapy, 
local fl ap advancement, and skin grafting. 

 As with TENS/SJS, because of the complexity 
of wound management and the need for aggres-
sive surgical resection, NSTI patients are best 

  Fig. 18.6    NSTI hemorrhagic blisters       
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cared for in burn centers. However, transfer 
should  not   delay the initial operative debride-
ment [ 46 ].  

    Complications and Prognosis 

 The radical resection necessitated by  this   disease 
process  often   presents challenges for rehabilita-
tion and recovery. However, even following 
amputation and/or radical soft tissue debride-
ments most patients are able to reach a level of 
functioning at or close to their premorbid condi-
tion [ 47 ,  48 ]. Prognostic factors for NSTI include: 
diabetes mellitus, intravenous drug use, age great 
than 50, hypertension, and malnutrition/obesity. 
The presence of three or more of these risk fac-
tors confers a mortality of greater than 50 % [ 49 ].  

    Summary 

•     NSTI is a polymicrobial  infection   of skin and 
soft tissues with many predisposing factors 
and high mortality with inadequate treatment.  

•   The diagnosis is clinical based on wound 
appearance and systemic toxicity.  

•   The primary management is immediate and 
aggressive surgical resection.  

•   Patients should be cared for in burn centers or 
other centers of excellence with experience 
with NSTI and in advanced wound care.      

    Purpura Fulminans 

 Purpura fulminans is a rare,    acute necrotizing 
infection characterized by patchy, full-thickness 
hemorrhagic necrosis of skin and soft tissue usu-
ally necessitating radical resection and recon-
struction. The disease usually is preceded by an 
uncomplicated viral or bacterial infection. It has 
been most commonly associated with systemic 
 Meningococcal  infections, but has also been 
seen following  Staphylococcal ,  Streptococcal , 
and gram-negative enteric, and viral infections. 
The disease is also associated with a relative 
or absolute defi ciency and/or dysfunction of 
 protein C anticoagulant. However, the disease 

can manifest without obvious prior infection or 
without any signs of protein C defi ciency or 
hypercoagulability. 

 The skin and soft tissue  lesions   usually begin 
as petechiae, followed by bullae, which coalesce 
and become hemorrhagic. This progresses to full- 
thickness hemorrhagic and ischemic skin necro-
sis. The lesions are patchy and involve the distal 
extremities and face preferentially. Often the 
patient has clinical manifestations of sepsis and/
or disseminated intravascular coagulopathy 
(DIC) (see Figs.  18.7  and  18.8 )

    Treatment is aimed initially at  the   underlying 
infectious etiology. The coagulopathy may be 
treated by anticoagulants such as heparin, and 
may halt progression of the skin lesions. Once 
infection and coagulopathy are under control, 
then the skin lesions are resected and recon-
structed. Mortality is typically 20–40 % [ 50 – 52 ].     

  Fig. 18.7    Purpura  fulminans   skin lesions       

  Fig. 18.8    Purpura fulminans skin lesions       
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          Introduction 

 Pain in burn patients is multifaceted and can be 
challenging to manage. However, optimal pain 
control is a hallmark of quality burn care and 
should be the goal with each burn patient. Patients 
with burn injuries experience signifi cant pain and 
discomfort that are unique when compared to 
 other   types of trauma [ 1 ]. Although most 
acknowledge the importance of pain control as an 
aspect of complete burn care, burn pain has been 
historically undertreated [ 2 ]. The importance of 
adequate pain control in the acute phase must be 
underscored. Poor pain control leads to both 
short and long-term complications [ 3 ,  4 ]. Notably, 
poor pain control is linked to increased incidence 
of depression and post-traumatic stress disorder 
(PTSD). Recent evidence indicates a link between 
patient discomfort and risk of burn infection, 
increased suicidal ideation and attempts as well 

as longer hospitalizations [ 3 ]. Furthermore, there 
is considerable evidence that poor pain control in 
the acute phase of burn care may predispose to 
the development of chronic pain and pruritic syn-
dromes [ 3 ]. We aim to provide a framework to 
understand the types of acute pain and appropri-
ate pain assessment instruments in the burn 
patient as well as broad strategies to consider in 
managing this complex entity.  

    Acute Pain Types 

 Pain experienced by the individual burn  patient   
varies greatly with respect to burn size, cultural/
religious background and will also depend on 
coexisting non-burn trauma [ 2 ]. Whereas partial- 
thickness burns are extremely painful due to pre-
served dermal nerve endings, full-thickness burns 
will be less sensate, at least initially. During the 
healing phase, patients often experience increased 
pain when devitalized tissues are lifted and 
replaced by new skin epithelium. If the patient 
has a history of chronic pain, this aspect will add 
another layer of complexity to the management. 
The fi rst task in managing pain in the burn patient 
is to recognize the type and quality of pain the 
patient is experiencing. 

 Acute burn injury usually presents with a 
basal level of pain referred  to   as  background 
pain . Background pain is of dull, persistent char-
acter with exacerbations when the wound(s) are 
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exposed. Pain secondary to needle sticks, line 
insertion, debridement, dressing changes, etc. is 
referred to as  procedural pain  and is typically 
characterized as intense, and of short duration. 
This type of pain—when ineffectively con-
trolled—is thought to lead to long-term sequelae 
as stated above [ 5 ]. Notably, in anticipation of 
procedures, anxiety and psychological stress 
need to be addressed in order to minimize the 
impact of actual pain produced by the procedure. 
There are also periods of unanticipated bursts of 
moderate intensity pain referred to as  break-
through pain . Development of signifi cant break-
through pain is thought to be related to inadequate 
control of background pain [ 6 ]. Specifi cally, a 
common error is to prescribe “PRN” (as needed) 
opioid medications. As such, these medications 
are not administered at scheduled intervals—this 
practice delays treatment of background pain, 
leads to episodes of breakthrough pain and should 
be avoided [ 7 ]. Background pain management 
should be titrated in the acute phase to eliminate 
breakthrough pain as well. 

 As wound healing progresses during a hospi-
talization, patients  often   develop  neuropathic 
pain . Neuropathic pain in this context is a mani-
festation of afferent sensory nerve dysfunction 
in a healing burn wound. The pain or discomfort 
is often described as intense itching, burning, 
“pins and needles,” shooting, and/or electric 
shock like sensations. It is not unusual for  this 
  type of pain sequelae to dominate a patients over-
all level of discomfort [ 7 ,  8 ]. A discussion of 
chronic pain and its management is beyond the 
scope of this chapter.  

    Acute Pain Assessment 

 To manage pain effectively, it is critical to be able 
to assess pain levels as well as response to initi-
ated therapies. An important aspect  of   pain assess-
ment is to set goals for effective pain control. 
Often, this requires a discussion with the patient 
about pain expectations. It is useful to explain 
that complete pain relief (i.e., no pain at all) is 
not practical with this type of injury in a con-

scious, awake patient. We are attempting to 
control pain and manage it effectively, not eliminate 
it completely. A primary aspect of pain assessment 
is to determine a pain level goal that is acceptable 
to the patient/family and deemed reasonable by 
the care team. We need to balance the effect that 
different medications may have on a patient’s 
overall comfort as well as determine where non-
pharmacologic strategies may assist in a com-
prehensive pain management plan. For young 
children, infants, and altered or intubated patients, 
the care provider is forced to rely more heavily on 
observational pain assessment instruments to 
determine adequacy of treatment. Even with the 
pain assessment tools available, pain management 
as opposed to pain elimination remains the goal. 
Notably, use of higher doses and/or more frequent 
administration of opioids (levels discussed below) 
may be reasonable during procedures, but does 
require frequent assessment to achieve a steady 
range of acceptable pain relief. 

 Several scoring systems and pain measure-
ment  tools   are available that have been validated 
in the literature (see Table  19.1 ). These include 
measurement tools specifi cally designed for 
pediatric burn patients and patients who are pre-
verbal. Pain assessment in children is challenging 
and requires frequent and diligent assessment to 
titrate dosage. There is no single tool appropriate 
for assessment of all age groups, thus the care 
provider must select one that is age and develop-
mentally appropriate. The Wong–Baker FACES 
Scale© is the most validated tool available for 
ages 4–15 years. A new revised Faces Pain Scale 
(FPS-R) was developed to improve the original 
FACES scale and is validated for ages 4–16 
years. The Oucher™ Pain scale is useful in the 
preschool age group and is currently available in 
fi ve versions (White or Caucasian; Black or 
African-American; Hispanic; First Nations (boy 
and girl); Asian (boy and girl)).    There are also 
rating scales designed specifi cally for develop-
mentally delayed children and adults as well as 
for anxiety and itching.    The International 
Association for the Study of Pain (  http://www.
iasp-pain.org    ) is a good resource for selecting 
pain assessment tools.
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       Strategies for Acute Pain 
Management 

 We advocate a multimodal approach to pain 
management, including incorporation of non- 
pharmacological therapies. The acute phase is 
best divided into three periods: Early (<96 h after 
injury), acute (96 h until wound closure), and a 
rehabilitative phase (wound closure to scar 
maturation).    The rehabilitative phase may persist 
for as long as 3 years and involves outpatient 
management. 

 There is a common misconception that 
patients with full-thickness burns do not experi-
ence signifi cant pain. Multiple studies have dem-
onstrated signifi cant pain requirements in patients 
with full-thickness burns [ 9 ]. As discussed above, 
while full-thickness burns are initially less sen-
sate, pain increases as devitalized tissue is lifted 
from the wound bed. In the early period, pain in 
full-thickness injuries can be curtailed by burn 
wound excision. Even temporary coverage with 
xenograft or allograft skin can signifi cantly 
reduce burn pain [ 10 ]. In second-degree burns—
which can be exquisitely painful—patients 
should be treated with dressings to allow for 
healing and demarcation of areas that may have 
prolonged healing. Recently, silver impregnated 

dressings have gained popularity as they are 
changed less frequently after initial application 
[ 11 ]. At our center, we have maintained extended 
dressings in place for up to 1 week given their 
sustained antibacterial properties. 

 Pharmacologic treatment  of   background pain 
in the early period after injury centers on the use 
opioid  analgesics.   The use of nonsteroidal anti- 
infl ammatory drugs (NSAIDs) is often impracti-
cal given the potential bleeding complications 
associated with their use [ 12 ]. However, if non-
operative management is decided early or if 
patients have completed operative management, 
NSAIDs should be included in the treatment  of 
  background pain. Routine acetaminophen doses 
are also scheduled on all burn patients that do not 
have a specifi c contraindication. Again, it is wise 
to titrate opioid and non-opioid pain medications 
on a scheduled regimen and avoid relying on 
“PRN” demands. 

 Procedural pain in the early period must take 
into account the anxiety provoked by these activ-
ities. The use of distracting non-pharmacologic 
adjunctive therapies is useful. These options are 
discussed later in the chapter. Benzodiazepines 
are the pharmacologic mainstay for anxiolytics in 
the early and acute periods. Opioid  analgesics   
and  benzodiazepines   can be given orally and 
intravenously as dictated by the clinical situation. 

   Table 19.1    Recommended  pain    assessment   instruments by age/cognition ability   

 Group delineation  Behavioral- observational instruments  Self-reporting instruments 

 Preverbal children (e.g., 
infants and toddlers) 

 FLACC  – 

 School-age children  FLACC (validated in children up to 
age 7 years) 

 Wong–Baker FACES Scale 
 Oucher Pain Scale (photo portion of scale) 
 R-FPS 

 Adolescents  Oucher Pain Scale (numerical portion of scale) 
 NRS for pain 
 VAS for pain 

  Adults    NRS for pain 
 VAS for  pain   

 Non-communicative 
adults (e.g., dementia 
without verbal skills) 

 Abbey Pain Scale 
 PAINAD 

 – 

   FLACC  faces, legs, activity, cry and consolability 
  R-FPS  revised faces pain scale 
  VAS  visual analog scale 
  NRS  numerical rating scale 

  PAINAD  pain assessment in advanced dementia  
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Intravenous administration is common in this 
group. Postoperative pain is a type of procedural 
pain that ensues after general anesthesia has worn 
off. It is managed with a temporary escalation of 
background pain medication and increased 
breakthrough pain analgesia allotments.    For 
instance, pain in donor sites is most acute in the 
fi rst 3–4 days after a skin graft operation, and is a 
common cause for increased pain requirements 
in the postoperative period. 

 For  management of   procedural pain in the 
early and acute periods, Fig.  19.1  illustrates 
options for escalation of pharmacotherapy from 
local analgesia, oral opioids, and benzodiaze-
pines to general anesthesia when needed (see Fig. 
 19.1 ). Benzodiazepines are most effective for 
anxiolysis in the periprocedural period and 
should be avoided for the relief of baseline or 
chronic anxiety (except in those patients who 
were prescribed these medications prior to burn 
injury) [ 13 ]. Several mood altering and antipsy-
chotic medications are very effective for non- 
procedural anxiety (e.g., quetiapine, olanzapine, 

citalopram, and haldol) [ 14 ]. In the non-intubated 
patient, care must be taken when escalating to 
levels of deep sedation. Specifi cally, the patient 
must be in an appropriately monitored situation 
with trained personnel and standardized proce-
dures and protocols in place [ 15 ]. Practice varies 
widely and depends on institutional experience.

   As the patient moves into the acute period 
(i.e., greater than 4 days from injury), we advo-
cate adding methadone as an effective remedy to 
background pain that may intensify in the fi rst 
1–3 weeks [ 16 ]. Though methadone use outside 
of drug addiction management and chronic pain 
is unusual, it is well suited to treat burn related 
background pain. We avoid the use of other long- 
acting opioids (e.g., OxyContin, Roxicodone, or 
MS Contin) as we have found that the use of 
methadone is associated with a lower incidence 
of dependency and drug seeking behavior as well 
as a lower frequency of over-sedation in our 
patients. The observation of QTc prolongation 
with the use of methadone is common. However, 
even with observed QT prolongation (>500 ms), 
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  Fig. 19.1       Procedure  pain   and sedation escalation,    with examples       
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signifi cant cardiac arrhythmias are exceedingly 
rare [ 17 ]. Recent evidence from the electrophysi-
ology community has challenged the clinical sig-
nifi cance of medication induced QT prolongation. 
While still controversial, a consensus is building 
in the electrophysiology community that only 
patients with certain genetic “channelopathies” 
are at risk for fatal arrhythmias [ 18 ]. Further dis-
cussion of this data is beyond the scope of this 
chapter. Nonetheless, methadone remains a safe 
pain medication in the care of burn patients and is 
widely used for this purpose in burn centers 
across North America and worldwide [ 19 ]. 

 As wound closure approaches, pain associ-
ated with healing donor sites and partial thick-
ness injuries can increase signifi cantly. Many 
patients will temporarily require higher doses of 
opioid medication to control pain in these heal-
ing wounds.    As the patient transitions to the 
rehabilitative phase, transitioning to NSAIDs as 
the predominant medication strategy can help to 
wean overall opioid usage [ 7 ,  20 ]. The practitio-
ner begins the process  of   weaning opioid medi-
cations as wounds are epithelializing. This 
process starts during inpatient, and continued in 
outpatient care. 

 For severe burns, the rehabilitative phase may 
begin while hospitalized.    Background pain will 
likely wane over time, but many burn patients 
begin to manifest neuropathic type pain symp-
toms several weeks after closure of the wound. 
Many will have neuropathic pain even during the 
acute phase [ 21 ]. 

 New onset  neuropathic pain   is diffi cult to 
manage. Pruritus specifi cally can lead to scratch-
ing that is destructive to grafts and delays wound 
healing. Some evidence points to long acting 
NSAIDs and ibuprofen as effective in reducing 
the severity of itching [ 22 ], Opioids should be 
used with new neuropathic pain as they can 
depress abnormal afferent signaling in the ner-
vous system and may effectively control this type 
of pain [ 23 ]. If one particular opioid is ineffec-
tive, it is useful to try others as all have varying 
effects (i.e., some improve, others worsen, 
whereas some have no effect).    Additionally, the 
use of antihistamines such as diphenhydramine 
and cetirizine for neuropathic itch is common. 

Despite providing good anecdotal itch relief, sev-
eral large studies have demonstrated limited use-
fulness for these medications [ 24 ]. Nevertheless, 
diphenhydramine and cetirizine remain part of 
many routine itch treatment protocols, including 
at our institution. 

 Tricyclic antidepressants may have a role  in   
acute neuropathic pain and are clearly effective 
in a subset of patients [ 25 ]. North American burn 
centers also prescribe gabapentin and pregabalin 
off label for neuropathic pain. Typical dosing is 
often two to four times the usual doses for other 
indications. However, evidence to support this 
practice remains scant with recent research chal-
lenging their effi cacy as an evidenced-based ther-
apy [ 26 ,  27 ].    Neuropathic pain may ultimately 
depend on scar formation and maturation. 
Effective management is complex and requires 
titration among different combinations. Non- 
pharmacologic therapies may improve neuro-
pathic pain as well and should be incorporated in 
the treatment plan.  

    Strategies for Outpatient Pain 
Management 

 Several retrospective studies  indicate   that greater 
than 80 % of burn patients are discharged on opi-
oid medications [ 6 ,  28 ]. In one retrospective study, 
investigators found that the median daily pre-
scribed amount was 114 mg morphine equivalents 
(ME) for control of pain [ 28 ]. Given the recent rise 
in overdose related mortality from compliant use 
of prescription drugs at ME levels less than the 
typical burn patient, these data may cause some 
alarm. Nonetheless, one study showed essentially 
no mortality that could be attributed to these high 
levels of opioid use in burn patients at a single 
verifi ed burn center [ 28 ]. Despite the burn patients 
clear need for high levels of analgesia to function 
and participate in therapy, there is consensus that 
the burn care community should look to strategies 
to decrease reliance on these potent drugs [ 28 ]. 
With each outpatient visit, reduction in opioid 
medications in a stepwise fashion with increases 
in  other   analgesics (e.g., NSAIDs, Tramadol) 
and non- pharmacologic therapies (i.e.,  operant 
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conditioning  , exercise) should be employed. There 
is some evidence that codeine—particularly in 
combination with ibuprofen—gives good syner-
gistic opioid/NSAID effects in the outpatient and 
postoperative setting without the side effects typi-
cally associated with the use of codeine with or 
without acetaminophen. We have traditionally 
avoided use of this medication due to a signifi cant 
side effect profi les experienced by our patients; 
however, signifi cant evidence supports its use 
(ibuprofen/codeine combination) in postoperative 
patients [ 29 ]. Codeine is a prodrug that must be 
metabolized to acquire an opioid effect.    Whatever 
medication combination is used, we recommend 
protocolized opioid medication  weaning   be part of 
the routine care of burn patients.  

    Non-pharmacologic Therapies 

 There is a  strong   psychological factor associated 
with pain and anxiety in the care of injured 
patients. Periprocedural anxiety is particularly 
associated with burn patients and is known to 
intensify the acute pain experienced by this 
patient population [ 30 ]. Given the nature of burn 
injuries, the clinician caring for burn patients 
should incorporate non-drug strategies and thera-
pies when managing all levels  of   periprocedural 
pain in the conscious patient. These strategies 
should also be employed with physical therapy 
activities [ 31 ]. To use psychological interven-
tions in pain management, it is important to 
understand the psychological principles of classi-
cal conditioning and operant conditioning as well 
as different coping behaviors. 

  In    classical conditioning,   a patient will 
develop a conditioned response (i.e., anxious-
ness) to certain environmental and behavioral 
stimuli that precede a painful procedure. An 
often quoted example in the literature has shown 
that healthcare workers merely wearing scrubs 
during wound care was suffi cient to elicit fear in 
burn injured children [ 32 ]. Logically, environ-
mental interventions can be effective in mitigat-
ing this effect. With adults and adolescents, 
enhancing patient control of the environment is 
particularly effective. In general, when an adult 

feels like they have no control, anxiety increases. 
Suggestions to mitigate this would include pro-
viding a choice of music during wound care, 
scheduling meal times, offering food choices and 
timing of procedures such as wound care. 
   Another approach is to prepare the patient using 
a procedure-based approach (i.e., explaining the 
mechanics of the procedure step by step allowing 
the patient to prepare) or sensory-based approach 
(i.e., you will likely feel a tugging sensation as I 
pull off your dressings). With children, classic 
conditioning is more involved and requires creat-
ing a comforting environment. As such, it is pref-
erable to perform wound care in a separate 
procedure room, as opposed to their hospital 
room, which is considered a safe place. One strat-
egy employed by many burn centers turns hydro-
therapy into “bath tub—play time” with requisite 
fl oating toys and games. Allowing comforting 
items like play toys (must be able to be cleaned 
and disinfected) to accompany the child to the 
procedure room can reduce anxiety. Another 
technique that is often employed with children is 
to increase their sense of control with forced 
choices. For example, “Do you want to have 
lunch before or after wound care” and “Do you 
want to take your medication with chocolate milk 
or orange juice”? The idea is to give two choices 
that are acceptable to the healthcare team and still 
achieve the primary goal(s). Increasing chil-
dren’s perception of control during procedures 
can reduce the incidence of learned helplessness 
and improves pain tolerance [ 33 ]. 

 Another  useful   classical conditioning 
approach is relaxation training. Several studies 
have demonstrated that adults and children 
receiving massage therapy to non-burned areas 
prior to wound care reported lower pain scores 
with as little as 15 min of treatment [ 34 ]. Other 
non-pharmacologic strategies—particularly for 
adults—are the use of meditation, prayer, and 
exercise. Teaching skills in meditation and 
stretching can relax patients and dampen the pain 
response as well as improve compliance with 
physical therapy [ 35 ]. 

  With    operant conditioning,   patients perceive a 
sense of support or reinforcement to escape or 
avoid painful procedures. This could be achieved 
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by screaming loudly or becoming excessively 
combative during a procedure, particularly if 
stopping the procedure or therapeutic intervention 
reinforces it. When staff members allow patients 
to terminate procedures or therapies, they can 
inadvertently increase escape behavior. If allowed 
to continue, this type of conditioning can devolve 
into a combative unpleasant experience for every-
one and impede therapeutic progress. 

 This type of behavior should fi rst prompt a 
reassessment of the adequacy of pain control and 
suggests escalation of management (see Fig. 
 19.1 ).    However, if pharmacologic management 
is deemed appropriate, there are some effective 
“limit setting” interventions. Allowing rest 
between stages of wound care—perhaps with 
additional pain and anxiolytic medications—is a 
successful technique to minimize undesirable 
and destructive behavior. Also useful with adults 
and adolescents is a quota system [ 3 ,  31 ]. Often 
used to obtain physical therapy goals, the quota 
system involves an initial baseline assessment. 
For example, a patient needs to walk on the soles 
of their feet. They are encouraged to walk until 
tired for four sessions and the distance achieved 
is documented (i.e., ambulated 50 ft/day without 
stopping).    This distance becomes the baseline 
and daily ambulation goal is increased by 5 % for 
each subsequent day. This approach is particu-
larly useful with patients who lack motivation or 
are easily overwhelmed by multiple therapies [ 3 , 
 31 ]. This approach also addresses appropriate 
pacing and reduces over-fatigue in burn patients. 

 Employing operant principles in children, 
such as “time out passes” and “alternative econo-
mies” are two very effective approaches.  With 
  time-out passes, the child gets a certain number 
of cards that allow a 1-min break or rest. They 
can present it anytime during the procedure until 
they run out of cards. This approach also employs 
classical principles in that it allows a perception 
of greater control over the procedure and intro-
duces an element of gamesmanship. Similarly, 
token economies are arranged to “reward” a child 
for completing wound care or other procedures 
with stars, buttons, stickers or other prizes. A few 
burn centers give color beads for particularly 
painful procedures that are applied to a necklace 

or bracelet [ 36 ]. Children—both boys and girls—
often wear these necklaces as a badge of honor 
and may interpret wound care procedures as a 
personal challenge [ 3 ,  37 ]. With older children 
(10–13 years old), accumulation of points to pur-
chase a desired award is effective as well. When 
using token economy strategies, it is important to 
reward for completion of the procedure or activ-
ity and not bravery. Rewarding (or not reward-
ing) bravery can be interpreted as a form of 
punishment to young children (4–8 years old) 
and should be avoided [ 3 ,  33 ]. 

 Lastly,     coping strategies   are often very unique 
to individuals and are infl uenced by cultural, 
environmental and possibly genetic infl uences 
that precede a burn injury [ 38 ]. This variation 
needs to be recognized in order to employ the 
various cognitive interventions in an effective 
manner. Simply stated, both adults and children 
are thought to have coping styles that are on a 
continuum from approach oriented to avoidant 
[ 3 ,  39 ]. The avoidant coping style prefers to be 
distracted or “removed” during a painful proce-
dure. Logically, distraction techniques (e.g., 
meditation, virtual reality, hypnosis, massage) 
are most effective with this type of coping. At the 
other end of the spectrum, the approach oriented 
style desires to be involved as much as possible 
in all aspects of their care. Techniques that 
enhance control and involve the patient in each 
 step   (e.g., psychological preparation, involve-
ment in the actual wound care, selection of music 
during wound care) of the procedure as well as 
maximizing communication of information are 
most effective with this style. Using distraction 
techniques with a patient who has an approach 
oriented coping style will likely increase anxiety 
and pain perception. 

 Certain non-pharmacologic therapies 
described above require signifi cant investment in 
trained personnel and specialized equipment that 
is likely impractical for centers treating a small 
number of burn patients annually. Nonetheless, 
understanding the  basic   principles of procedural 
pain psychology as outlined above, provides a 
toolbox of “low tech” minimal resource interven-
tions that any burn care team can and should pro-
vide to their  patients      (see Tables  19.2  and  19.3 ).
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        Summary 

 Effective pain management in the burn patient 
requires active assessment, continuous reassess-
ment, and fl exibility with treatment options. This 
chapter outlines broad strategies and given spe-
cifi c recommendations on the management of 
pain in burn patients through progressive phases 
of care. The acknowledgement of the different 
types of pain, how they are assessed, and the var-
ied treatment options—both pharmacologic and 
non-pharmacologic—are the basis of optimal 
pain management in burn patients. 

  Flexibility in   managing the pain and anxiety 
of each burn patient in a personalized and tai-
lored fashion tends to result in improved coop-
eration from the patient in their own care. The 
success of operative and nonoperative burn 
care hinges on effective management of patient 
comfort. Many of our patients will experience 
prolonged hospitalizations with repeated 
interventions, wound care, improvements in 
function and setbacks over weeks, months and 
potentially years. Attention to detail in the 
management of pain and discomfort facili-
tates effective overall recovery and long-term 
functionality. 

   Table 19.2    Non- pharmacologic      strategies   

 Principle  Techniques/strategies/treatment 

    Classical  conditioning    Enhanced patient control; psychological preparation; create 
“comforting” environment; relaxation training, forced choices 
(children); pre-procedure massage therapy; meditation training; 
exercise; music and art therapy; aromatherapy 

 Operant (reinforcement)  conditioning    Planned rest stages with wound care/procedures; quota system; time-out 
passes; alternative/token economies 

 Approach coping  style    Enhanced control of setting/environment; psychological preparation; 
involvement in procedure/wound care; maximize communication of 
information and each step of wound care/procedure 

 Avoidant coping  style          Massage therapy; meditation training; hypnosis; virtual reality 
technology (VR); virtual reality hypnosis (VH) 

   Table 19.3       Distraction modalities   

 Technique  Advantages  Disadvantages 

 Massage 
 Meditation 
therapy 

 • Effective classical conditioning approach 
 • Shown to decrease periprocedural pain scores 

over time 

 • Less useful with approach coping style 
 • Cost for trained therapists/instructors 

 Hypnosis  • Involves blend of imagery, meditation and 
relaxation 

 • >75 anecdotal reports of effi cacy—most included 
burns 

 • Two RCTs have shown decreased affective pain 
scores and PTSD 

 • Can generate increased anxiety with 
approach type coping styles 

 • Not effective with certain individuals 
for unclear reasons 

 • Cost of access to a trained hypnotist 

 Virtual reality 
(VR) 

 • Immersion in computer generated world with 
engagement in that world 

 • Only partly passive, making it an effective 
distraction technique 

 • Excellent therapy for avoidant coping  type   
 • Strong evidence of pain reduction when 

combined with pharmacotherapy vs. 
pharmacotherapy alone 

 • Equivocal evidence for an effect on 
patient anxiety with procedures 

 • May be disconcerting to some with 
approach type coping 

 • Cost of equipment, maintenance and 
staff training 

 VR Hypnosis 
(VRH) 

 • Combines effectiveness of both therapies without 
need for trained hypnotist at each session 

 • Cost of equipment and staff training 
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 We must reiterate that managing pain expecta-
tions with each patient is as important as the spe-
cifi c medications and non-pharmacologic therapy 
employed. Burn patients commonly experience 
signifi cant anxiety with prolonged treatments and 
therapy that is unusual in other forms of trauma 
or illness. Thus, managing these complex patients 
may not be suitable in certain practice environ-
ments. The burn practitioner should consider 
transfer to a burn center if pain and/or behavior 
and anxiety management is beyond the resources 
of their care setting.     
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          Introduction 

  Scar formation   is a natural response to injury to 
restore tissue integrity and strength [ 1 ].    For burn 
patients recovering from injury, scars may present 
functional, cosmetic, and psychological problems 
that impair quality of life and interfere with activities 
of daily living. At 1 year post-burn, 23–45 % of 
patients reported PTSD related to their injury and the 
residual deformities [ 2 ], which emphasizes the impor-
tance of optimal scar management to improve the 
quality of life for the patients suffering thermal injury.  

    Clinical Features of Hypertrophic 
Scar After Burn Injury 

  Hypertrophic scar (HTS) is a   red, raised hyper-
emic and rigid scar that remains within the origi-
nal boundaries of the original wound which causes 

pain, erythema, heat intolerance, and pruritus 
(Fig.  20.1 ). HTS is a fi broproliferative disorder 
that complicates up to 80 % of burn injuries requir-
ing hospitalization and imposes functional and 
cosmetic complications that often require exten-
sive rehabilitation leading to prolonged delay in 
return to work or school following injury [ 3 ].

    Although   risk factors including age, ethnicity, 
gender, wound morphology, and location are eti-
ologically implicated in pathologic scarring, it is 
the prolonged infl ammation of a slow healing 
burn wound that best predicts its occurrence 
(Fig.  20.2 ) [ 1 ,  4 ]. Moreover, children are at 
higher risk of HTS because of their rapid cellular 
turnover. HTS seems to display a proclivity to 
develop in patients of African, Hispanic, and 
Asian descent [ 4 ]. A fundamental etiological fac-
tor in HTS is thought to be excessive tension 
across the wound, producing a fi rm, red, raised 
scar within the fi rst month of injury. HTS most 
commonly develops in wounds across fl exion 
surfaces such as the extremities, neck, sternum, 
and breast [ 5 ]. HTS is often the result of an aber-
ration in one of the healing phases: infl ammation, 
proliferation, or remodeling. In some cases, the 
natural history of HTS includes remodeling lead-
ing to slow improvement in appearance over the 
fi rst 6 months post-injury, followed by a plateau 
in improvement. HTS is a self-limited process 
following injury and will regress in height and 
color naturally, however, if left unabated this pro-
cess can take several years. HTS post-burn may 
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also progress to contracture development second-
ary to reorganization of collagen in the dermal 
matrix [ 6 ].

       Scar Contractures 
Following Thermal Injury 
to the Skin 

 A contracture presents when scar tissue  has   
undergone the process of contraction resulting in 
a functional problem such as a limitation in ROM 

or instability with repetitive wound breakdown 
(Fig.  20.3 ). Despite increasing attempts to pre-
vent burn contractures in the acute phase, the 
development of burn contracture is often diffi cult 
to avoid [ 7 ]. Contractures may result in severe 
morbidity for the patient, especially if they 
involve a free margin such as the lip or eyelid. 
Under normal circumstances, burn contractures 
remain limited to scar or graft and a layer of 
superfi cial connective tissue typically displacing 
underlying structures such as fat, breast gland, or 
orbital tissue.

  Fig. 20.1    Hypertrophic  scarring   developed on a 34-year- 
old Caucasian male 8 months after a burn involving 60 % 
of his total body surface area. (Reprinted from Scott, PF 

et al. Biological Basis of Hypertrophic Scarring. In: 
Malhotra, SK, editor. Advances in Structural Biology, 
Vol. 3. Greenwich, CT. JAI Press; 1994. [ 66 ])       
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   Contractures are classifi ed as linear and well - 
 defi ned, versus broad and diffuse with further sub-
division as simple or complex [ 8 ]. A simple 
contracture involves skin only, whereas a complex 
contracture extends deeper to entrap underlying 

tissue such as fascia, or muscle. Linear contrac-
tures have a well-defi ned band with pliable skin on 
one or both sides. Conversely,  diffuse contractures 
are extensive, broad, and surrounded by scarred 
skin with no single identifi able band (Fig.  20.3 ).  

  Fig. 20.2    Hypertrophic burn 
 scars   after delayed healing of 
deep dermal burns. Ten old 
patient with deep scald burn 
which developed HTS in the 
deeper regions of the burn but 
not in the superfi cial burn 
which healed over shorter 
periods of time       

 

20 Important Developments in the Management of Fibroproliferative Scars and Contractures…

tpham94@uw.edu



242

    Burn Scar Assessment 

 Whether treating HTS  or   burn contractures, suc-
cessful reconstructive planning relies on thor-
ough, serial assessment. The history and 
progression of the scar must be documented. The 
exact etiology, history of infection, and symp-
toms such as pruritus and ROM restriction, of a 
scar must be documented. Additional informa-
tion regarding radiation and steroid exposure, 
especially of tissue adjacent to the scar, is also 
very helpful. Physical exam should focus on 

characterizing the scar in terms of color, dimen-
sion, relationship to normal structures, tethering, 
and contracture, as well as changes with move-
ment and rest. Disturbances of pigmentation are 
classifi ed as hyperpigmentation/hypopigmenta-
tion, or mixed, whereas redness is characterized 
as hyperemic or plethoric [ 9 ]. Scar bulk and 
 contour can be described as regular, irregular, or 
cobblestone. An evaluation of any preexisting 
scars can be helpful to identify predispositions to 
aberrant wound healing and anticipate pathologic 
scarring. Importantly, the transition from a physi-
ologically maturing wound to pathologic scar 

  Fig. 20.3    A 24-year-old white male,    11 months follow-
ing a 21 % total body surface area (TBSA) burn. This 
patient developed hypertrophic scars (HTS) resulting in 
cosmetic and functional problems that included restricted 
opening of mouth and tight web spaces of fi ngers that lim-

ited range of motion on hands. (Reprinted from Tredget 
EE, Levi B, Donelan MB. Biology and principles of scar 
management and burn reconstruction. Surg Clin N Am 
94(2014); 793–814 [ 13 ] with permission from Elsevier.)       
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may not be abundantly apparent, therefore, fre-
quent serial exams with early preventative mea-
sures are essential. 

 Multiple  assessment tools   have been devised to 
subjectively and objectively characterize patho-
logic scars. One of the most frequently used sub-
jective assessment tool is the  Burn Scar Index , 
also known as the  Vancouver Scar Scale  or VSS 
(Fig.  20.4 ). Originally published in 1990, the VSS 
was designed to assess the maturation of burn 
scars in response to treatment correlating to a 
score based on four variables: height, pliability, 
vascularity, and pigmentation [ 10 ]. Scores ranging 
from 0 to 14 are assigned relative to the scar’s 
variance from normal skin (score 0), and has 
proven a useful aid in prognosis and evaluation 
of treatment effectiveness. Several instruments 
designed to objectively assess scars are available 
including skin elasticity meters, laser Doppler, and 
spectrometry for color analysis [ 11 ,  12 ]. The eval-
uation of pliability is done by durometry, the vas-
cularity by spectrophotometry (dermaspectrometer 
or chromameter), the perfusion by laser Doppler 
ultrasound fl owmeter, the area by photography 
and the thickness by histological micrometer or 
tissue ultrasound palpation system (TUPS) [ 11 ].

       Pathophysiology of Hypertrophic 
Scarring (HTS) After Thermal Injury 

    The Role  of   Dermal Fibroblasts 
(Fig.  20.5 ) 

    Fibroblasts from HTS as compared normal der-
mal tissues from the same patient, display a series 
of unique features including an increase in fi bro-
blast density in HTS as compared to fi broblast 
cell numbers in normal dermal tissues. More con-
sistently HTS fi broblasts have reduced collage-
nase (MMP-1) activity, nitric oxide, and decorin 
production, which is a small dermatan sulfate 
proteoglycan that restores collagen fi brillogene-
sis and binds TGF-β [ 1 ,  7 ,  13 ]. 

 Increased numbers of myofi broblasts consti-
tute a persistent component of the hypercellular 
matrix in HTS and contain microfi lament bundles 
and stress fi bers. The development of myofi bro-
blasts appears to be induced by TGF-β and 

strongly correlates with the severity of burn injury 
(TBSA). Myofi broblasts appear to differentiate 
not only from regional fi broblasts in the wound 
under  the   infl uence of TGF-β, but also from bone 
marrow-derived blood borne sources [ 13 ].  

    Toll-Like Receptors Signaling 
in Fibroblasts 

 Toll-like receptors are a  group   of highly con-
served molecules that allow the immune system 
to sense molecules commonly present in bacteria 
and viruses termed pathogen associated molecu-
lar patterns, (PAMPs) or endogenous molecules 
that are released from necrotic tissue termed 
damage associated molecular patterns (DAMPs) 
[ 14 ]. They function as activators of the innate 
immune system but most recently, have increas-
ingly been implicated in the switch from normal 
wound healing responses to fi brosis in many dif-
ferent organs and tissues. Recently, HTS fi bro-
blasts have been found to have increased 
expression of TLR4 mRNA and surface receptors 
implicating the Toll receptor system in the activa-
tion of dermal fi broblasts in HTS. Aberrant TLR 
activation by endogenous molecules released by 
necrotic or activated cells and extracellular matrix 
molecules upregulated upon injury or degraded 
following tissue damage DAMPs, have been 
implicated in a number of diseases where inap-
propriate, pathogenic infl ammation is at the basis 
of pathology. Although fi broblasts play an impor-
tant structural role in wound healing, emerging 
evidence suggests fi broblasts modify the healing 
microenvironment by inducing infl ammation 
through activation of the TLRs, signaling through 
NF-κB that leads to both the recruitment of 
monocytes and immune cells and subsequent pro-
duction of infl ammatory cytokines [ 1 ,  7 ,  13 ,  14 ]. 

 Thus, fi broblasts appear capable of stimulat-
ing infl ammation via TLR activation, likely via 
NFκB and mitogen-activated protein kinase 
(MAPK) which upregulates infi ltration of infl am-
matory cells. In addition, activated deep dermal 
fi broblasts which appear very important in the 
development of severe FDP of the skin and future 
investigation of these profi brotic cells may be 
improved by the understanding of the role of 
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  Fig. 20.4    Vancouver burn scar  scale  . (Reprinted from 
Nedelec B, Shankowsky H, Tredget E. Rating the 
Resolving Hypertorphic Scar: Comparison of the 

Vancouver Scar Scale and Scar Volume. Journal of Burn 
Care and Research 2000; 21(3) [ 67 ] with permission from 
Wolters Kluwer Health, Inc.)       

 

K. Mowbrey et al.

tpham94@uw.edu



245

TLRs in fi brosis and lead to novel therapeutic 
options to antagonize abnormal activation of 
fi broblasts by infl ammation.  

     Bone Marrow-Derived Cells 
  in Hypertrophic Scarring 

 Previously, fi brocytes, a bone marrow derived 
cell with a fi broblast-like morphology that co- 
express collagen I and III, CD13, CD34, and the 
bone-marrow derived surface marker CD 45 
make up 0.5 % of peripheral blood leukocytes, 
but can constitute 10 % of cells infi ltrating acute 
wounds. They are capable of synthesizing ECM 

proteins, proteases including collagenase, and 
growth factors including TGF-β1, TNF-α, IL-6, 
and IL-10, but can also present antigens and 
thereby prime naïve T lymphocytes [ 15 ,  16 ]. 

 Fibrocytes in burn patients  are   derived from 
peripheral blood mononuclear cells (PBMC), 
where the percentage of type I collagen-positive 
fi brocytes was signifi cantly higher (up to 10 % of 
PBMC) than for control individuals (normal 
level <0.5 %), which correlated with serum lev-
els of TGF-β [ 15 ]. Fibrocytes are located in HTS 
tissue after burn injury primarily in deeper layers 
of the dermis in increased numbers compared to 
mature scar and normal skin [ 16 ]. Quantitatively, 
fi brocytes produce modest amounts collagen 

  Fig. 20.5    Hypothetical Cellular  Mechanism   of HTS 
Formation.    It is our hypothesis that burn injury activates 
fi broblasts in the deep dermis by using PAMPs (i.e., LPS) 
and DAMPs (i.e., Biglycan) to stimulate the Toll recep-
tors/NFκB pathway on fi broblasts, which in turn release 
chemokines and growth factors (i.e., TGF-β) recruiting 
bone marrow-derived monocytes precursors to further 

activate the production of ECM proteins  in   deep dermal 
fi broblasts and subsequently HTS. (Reprinted from Ding 
J et al. Deep dermal fi broblast profi brotic characteristics 
are enhanced by bone marrow-derived mesenchymal stem 
cells. Wound Repair and Regeneration 2013 [ 68 ] with 
permission from John Wiley & Sons)       
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compared to HSc fi broblasts; however, fi bro-
cytes appear to stimulate dermal fi broblasts to 
proliferate, produce, and contract ECM, as well 
as producing TGF-β and connective tissues 
growth factor (CTGF) [ 15 ,  16 ]. Thus, the princi-
pal source of collagen in HTS appears to be local 
fi broblasts, but fi brocytes have an important 
paracrine function in HTS. It is possible to antag-
onize many of these fi brogenic effects of fi bro-
cytes in vitro with IFNα where signifi cantly 
decreased numbers of fi brocytes were found in 
the tissues of burn patients in response to sys-
temic IFN treatment in vivo, associated with 
fi brosis resolution and scar remodeling as well as 
a reduction in angiogenesis [ 17 ]. 

 Heterotopic ossifi cation (HO) is a clinical 
condition where mature lamellar bone is formed 
in damaged tissues such as muscle, tendon and 
fascia particularly after burns and traumatic inju-
ries that leads to skin breakdown, signifi cant soft 
tissue deformity, joint ankylosis, and chronic 
pain substantially prolonging rehabilitation. In 
burn patients, the incidence of HO varies between 
0.2 and 4 %, and is more frequent in patients with 
extensive burns (>20 % total body surface area) 
[ 13 ,  18 ]. Although HO may occur in joints unre-
lated to burn injuries, lesions usually develop 
under areas of deep burns complicated by HTS, 
especially in the elbow and is associated with 
prolonged loss of consciousness (i.e., mechanical 
ventilation), long-term immobilization, burn 
wound infection and/or delayed closure, loss of 
skin grafts, and recurring local trauma including 
passive range of motion. Fibrocytes have been 
identifi ed in heterotopic ossifi cation (HO),    where 
mature lamellar bone is formed in damaged tis-
sues such as muscle, tendon and fascia particu-
larly after burns and traumatic injuries, where 
they traffi c to injured areas and interact with resi-
dent cells and lead to skin breakdown, signifi cant 
soft tissue deformity, joint ankylosis, and chronic 
pain. HO and hypertrophic scar have common 
features and appear to be causally related after 
signifi cant initial local tissue injury which leads 
to a systemic infl ammatory response, where 
unique PBMCs, including fi brocytes contribute 
the fi brotic and osteogenic matrix in as yet 
unidentifi ed ways [ 13 ,  18 ].  

    The Th 1 /Th 2  Immune Response 
After Burn Injury 

 In burn patients with HTS,  a   defi ciency of circu-
lating interferon-producing Th 1  lymphocytes and 
increased lymphocytes which produce Th 2  cyto-
kines (IL-4, 5, 10, 13) exists within 3 months 
after burn injury, which persists for up to 1 year 
after injury, i.e., a polarized Th 2  response [ 18 ]. 
Similar elevations in systemic IL-10 protein lev-
els in the fi rst 2 months post-injury persist until 1 
year, whereas IL-12 levels were signifi cantly 
lower and inversely related to IL-10. IFN-γ 
mRNA was not detected in HTS tissues until 6 
months post-injury, whereas IL-4 increased in 
HTS within 2 months post-injury. 

 CD4+/TGF-β+ lymphocytes are also present 
in an increased frequency in the circulating 
immune cells of burn patients as compared to 
normal control individuals. These cells secrete 
increased levels of TGF-β, which promotes pro-
liferation of dermal fi broblasts, as well as α-SMA 
and wound contraction. The development of 
CD4 + TGF-β +  cells may contribute to the suppres-
sion of Th 1  immunity similar to trauma patients, 
where increased T regulatory CD4 + CD25 +  cells 
which produce TGF-β, have been found systemi-
cally. Thus, these fi ndings suggest that after ther-
mal injury, a polarized Th 2  environment favors 
the subsequent development of increased Th 3  +  
cells and fi brocytes, which can induce fi brosis in 
a paracrine fashion [ 13 ,  19 ]. 

 Like lymphocytes, macrophages respond to 
Th 2  cytokines and numerous studies have shown 
that macrophages exposed to IL-4 develop an 
alternate activation state termed “alternatively 
activated macrophages” or M 2  macrophages, and 
their role may be equal to if not more important 
than the type of CD4 +  T-helper cell response in 
many different types of fi broses. M 1  macrophages 
can induce MMP-1 secretion and promote ECM 
degradation while M 2  macrophages can secret 
large amount of TGF-β1, which can stimulate 
myofi broblast transformation and lead to ECM 
deposition [ 20 ,  21 ]. 

 Stromal cell-derived factor 1 (SDF-1) is a 
potent  chemokine   that attracts lymphocytes and 
monocytes by binding exclusively to its receptor, 
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CXCR4 [ 12 ,  21 ]. SDF-1 expression is increased 
in HTS tissue and serum of the burn patients with 
increased number of CD14+ CXCR4+ peripheral 
blood mononuclear cells, which suggested SDF-1/
CXCR4 signaling recruits cells such as mono-
cytes to sites of prolonged infl ammation, where 
they contribute to HTS formation. Using a CXCR4 
antagonist, CTCE-9908, to inhibit the SDF-1/
CXCR4 signaling in nude mouse model of HTS, 
signifi cant attenuation of scar formation and 
contraction with reduced number of CXCR4 
expressing monocytes in the circulation and dif-
ferentiated macrophages in the HTS tissue was 
found supporting a role of SDF-1/CXCR4 che-
moattracted monocytes and macrophages in HTS 
formation [ 22 ].  

    Fibroblast Heterogeneity and the 
Profi brotic Microenvironment 

 Sorrell and Caplan have found that normal  adult 
  human skin contains at least three separate sub-
populations of fi broblasts, which occupy unique 
niches depending on the depth in the dermis and 
exhibit distinctive differences when isolated by 
limited dilution cloning [ 23 ]. Fibroblasts associ-
ated with hair follicles show distinctive character-
istics from cells in the papillary and reticular 
dermis. Papillary dermal fi broblasts, which reside in 
the superfi cial dermis, are heterogeneous in terms 
of morphology and proliferation kinetics, whereas 
reticular fi broblasts in the deep dermis possess 
myofi broblast-like characteristics by greater colla-
gen lattice contraction and α-SMA expression. 

 Fibroblasts that arise from the deeper layers 
proliferate at a slower rate, but are signifi cantly 
larger morphologically, and collagenase mRNA 
is signifi cantly lower in deep dermal fi broblasts 
[ 23 ,  24 ]. Fibroblasts from the deeper layers pro-
duce more TGF-β, CTGF, and heat shock protein 
47 (HSP47), a human chaperon protein for type I 
collagen, compared to those from superfi cial lay-
ers [ 1 ,  13 ,  24 ]. Fibroblasts from the deeper layer 
produced more α-SMA protein and contracted 
collagen gels more effi ciently. Fibroblasts from 
the deeper layer also produced more collagen, but 
had less collagenase activity and produced more 

of the fi brocartilaginous proteoglycan versican, 
but less decorin. Decorin and other members of 
the sLRP family, fi bromodulin and lumican, 
function to bind type I collagen in the extracellu-
lar matrix regulating the kinetics of collagen 
fi brillogenesis and the diameter and distance 
between fi brils [ 25 ]. Decorin and fi bromodulin 
can also bind to and inhibit TGF-β 1  activity 
in vitro and in vivo. A low level of growth factor 
production by fetal cells, especially TGF- β 1 , is a 
major factor in  the   absence of excess collagen 
deposition and scar formation [ 24 – 26 ]. 
Fibroblasts isolated from the deep dermis pro-
duce less decorin and more large cartilage-like 
proteoglycans, including versican and aggrecan 
that can account for the ultrastructural abnormali-
ties in HTS (Fig.  20.5 ). Fibrocytes have also been 
described to produce less small leucine rich pro-
teoglycans (sLRPs) and more versican, hyaluro-
nan, perlecan, and biglycan in the ECM [ 24 ,  25 ]. 
These features of hypertrophic scar fi broblasts 
are very consistently found in fi broblasts located 
in the deeper layers of the skin or reticular dermis 
as compared to superfi cial papillary fi broblasts. 

 Recently, two different groups have reaf-
fi rmed and identifi ed distinct lineages of fi bro-
blasts in the deep dermal regions of the skin 
which possess intrinsic fi brogenic potential and 
determine the ultimate dermal architecture in the 
skin after wound healing [ 27 ,  28 ]. Dunkin et al. 
quantifi ed the association between scarring and 
the depth of dermal injury in 113 human volun-
teers using a novel jig to create a human dermal 
scratch model with HTS and normotrophic scar 
within the same lesion [ 29 ]. They found a thresh-
old depth of dermal injury of 0.56 ± 0.03 mm or 
33 % of the lateral hip thickness, beyond which 
scarring develops. In patients with thermal injury 
and we found that the superfi cial 1/3 of this 
scratch wound healed normally with minimal 
scar, whereas the deep dermal end region healed 
with a thickened wider scar typical of HTS and 
contained signifi cantly greater numbers of fi bro-
cytes [ 25 ,  26 ] (Fig.  20.5 ). These data strongly 
demonstrate that fi broblasts from the deeper lay-
ers resemble HTS fi broblasts, suggesting that the 
activated deeper layer fi broblasts may play a 
critical role in the formation of HTS.   
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     Treatment   of HTS Following 
Burn Injury 

    Prevention of Abnormal 
Scarring 

 Multiple studies  have   demonstrated that HTS will 
spontaneously resolve to varying degrees [ 30 , 
 31 ]. This natural history entails remodeling of the 
ECM, a phenomenon that has proven a fruitful 
therapeutic target. Based on the pathophysiology 
of HTS, early recognition of deep dermal burns 
and subsequent resurfacing improves the quality 
of wound healing based on several features of 
HTS that have been illustrated by in vivo and 
in vitro studies [ 1 ,  13 ]. 

 Therefore, successful prevention of HTS is 
facilitated through diagnostic accuracy of burn 
depth. Tools such as thermography and scanning 
laser Doppler assist prediction of deep burns 
in need of excision and grafting that would 
 otherwise be left to heal secondarily [ 11 ,  12 ]. 
Regardless of the assessment tool used to 
identify deep dermal wounds, studies suggest 
that clinical observation and subjective judgment 
have limitations in the surgical decision-making 
of modern burn centers.  

     Novel Therapies for   Scar 
Management 

 Novel and emerging therapeutic options includ-
ing interferon-α (IFN-α), chemokine and CXCR4 
inhibitors, and TGF-β modulators have shown 
great promise in controlling abnormal scar pro-
gression [ 1 ,  13 ,  17 ]. Interferon treatment has 
been suggested for prevention of scar hypertro-
phy recurrence post-excision but has not demon-
strated the same effi cacy in treatment of 
established HTS. The action of interferon results 
in a modifi cation of fi broblast behavior. Recent 
studies on chemokines, CXCR4 inhibitors and 
TGF-β antagonists, have shown potential thera-
peutic value for the treatment of HTS, but further 
clinical studies are needed [ 15 ,  22 ].  

    Nonoperative  Treatment   for HTS 
Post-burn Injury 

 Traditionally, conservative measures for the man-
agement of HTS have relied on pressure garments 
and silicone gel therapy; both considered long-term 
treatments (Fig.  20.6 ). Although the exact mecha-
nism of compression treatments is not fully under-
stood, remodeling of the ECM occurs. Various 
in vitro studies have proposed specifi c mechanisms 
such as increased MMP-9 activity, α-SMA inhibi-
tion, and generalized ischemia leading to cell dam-
age  with   reduced collagen production [ 13 ,  31 ,  32 ]. 
Potential complications of compression garments 
include skin breakdown, obstructive sleep apnea, 
bony deformity, discomfort, dento-alveolar defor-
mation, and cost, which may hinder compliance. 
Potential benefi ts identifi ed in a 12-year prospec-
tive trial included an overall improvement in 
 clinical appearance, regardless of ethnicity, as 
 evidenced by a decrease in scar thickness, height, 
and softening of pigmentation [ 32 ].

   Similar to compression garments, the mecha-
nism of action of silicone gel therapy is poorly 
understood. In vitro studies correlate silicone gel 
with decreased TGF-β levels and reduced 
fi broblast- mediated collagen contraction, func-
tioning to enhance hydration of the stratum 
 corneum, O 2  delivery to tissues, surface skin tem-
perature, and reduce tissue turgor. This may man-
ifest clinically as improved scar elasticity, 
softness, and overall appearance. Although con-
fl icting results regarding the effi cacy of silicone 
sheeting abound in the literature, a number of 
meta-analyses and large scale reviews support 
their use [ 33 – 36 ]. 

 Other nonsurgical techniques of HTS man-
agement include intralesional corticosteroids, 
topical retinoic acid, intralesional 5-fl uorouracil, 
cryosurgery, and radiotherapy. Scar massage also 
represents a treatment modality for HTS which 
maintains or improves joint mobility and soften-
ing fi brous bands or contractures. Massage has 
also been proven to decrease itching and to be 
part of the desensitization process and is per-
formed two to fi ve times a day for 5 min [ 36 ].  
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    Surgical Management of HTS 
and Burn Contractures 

 Chapter   11     is a well-written, complete review of 
the surgical approach that is applicable to recon-
struction of acute burn deformities and includes 
an approach to specifi c deformities in different 
region of the body. However, for management 
of burn scars a surgical procedure requires an 

understanding of appropriate timing and the 
range of techniques available as discussed and 
illustrated below in a much more limited 
fashion. 

 Operative scar management involves the exci-
sion of scar followed by replacement with 
healthy transplanted tissue whenever possible 
(Fig.  20.7 ).    The operative approach to scar man-
agement needs to invoke principles of tissue 

  Fig. 20.6    Pressure garment used to remodel  HTS   post-burn injury. Note the differences in scar remodeling in the fi n-
gertips where the garments had been cut out       
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replacement and rehabilitation with a multi-
modal strategy that includes surgical release of 
tension followed by replacement of missing tis-
sue, vascular laser treatment of erythematous 
scars, and fractional ablative laser treatment of 
hypertrophic scar. Because all burn patients pres-
ent with some degree of tissue defi cit, tension is 
always a factor the burn surgeon must contend 
with, therefore, HTS is always a risk. Fortunately, 
surgical release of tension across a scar usually 
results in the improvement of hypertrophy, after 
which treating scar depigmentation, and pruritus 
may be approached with laser therapy. Typically, 
scar management can be categorized temporally 
into acute, intermediate, and late reconstruction 
[ 37 – 39 ].

   Burn surgeons need to be involved  in   patient 
care immediately to assess for cases requiring 
urgent reconstruction. Acute surgery should be 
performed for cases such as threatened airway 
from cervical contracture, eating diffi culties sec-
ondary to severe microstomia, exposure keratitis 
from severe eyelid injury, and exposure of vital 
structures (Fig.  20.3 ). Upon initial assessment, 
functionally and cosmetically sensitive areas like 
the hands and face need special consideration. For 
example, meshed grafts will yield abnormal 
appearance after healing and should be avoided 
especially on the face and hands [ 38 ]. Furthermore, 
HTS is a potential even at donor sites, and there-
fore, areas of tissue harvest should be chosen 
strategically to leave inconspicuous scars. Where 

  Fig. 20.7    Restoration of hand function with excision of 
 HTS   and split thickness skin graft. Burn scar contracture 
of the right hand after spontaneous wound healing over 3 
weeks due to a lack of available skin graft donors. This 
18-year-old man with a 70 % TBSA burn who underwent 
split thickness skin grafting of the clinically deeper burned 

left hand restoring function at 1 month post-burn ( bottom 
left ) but required excision of the HTS and skin grafting at 
6 months post burn to the right hand which was less deep 
and allowed to heal spontaneously to restore function 
( bottom right )       
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possible, accurate and objective assessment of 
burn depth should dictate which wounds are 
superfi cial and should be given time to heal, 
avoiding aggressive excision and grafting. 

 Once the  graft and donor sites   exhibit healing 
in the acute phase, aim can be taken at optimizing 
scar in the intermediate phase. Evidence suggests 
physiologic wound healing benefi ts from hydra-
tion through modalities including silicone sheet-
ing, water-based moisturizers, and occlusive 
dressing [ 38 ,  39 ]. Although evidence is still emerg-
ing, tension off-loading by means of compression 
garments is often utilized in an effort to decrease 
the incidence and severity of HTS [ 5 ,  38 ,  39 ]. 

 Several  methods   of scar management in the late 
phase have been described, ranging from various 
contracture releases and skin grafting to the use of 
laser therapy. When planning to release a scar con-
tracture, the location, width, extensiveness, and 
geometry must be carefully considered. There is 
no substitute for a carefully executed contracture 
release to alleviate the tension across a burn scar. 
However, a meta-analysis by Ogawa et al. demon-
strated an absence of standardized treatment algo-
rithms for managing scar contracture based on a 
paucity of randomized-controlled trials [ 40 ]. 
Although no consensus exists as to when to 
employ a given technique for contracture release, 
operative interventions can be divided into four 
categories: skin grafts, random pattern fl aps (V-Y, 
Z-plasty), defi ned vascular pattern fl aps (perfora-
tor fl aps, free fl aps), and dermal substitutes such as 
 Alloderm™  [LifeCell Corporation, Bridgewater, 
N.J.] , or Integra™  [Integra LifeSciences, 
Cincinnati, O.H.]). Regardless of the specifi c treat-
ment employed, the goal of surgery remains the 
same; achieve optimal mobility of the underlying 
structures [ 5 ,  37 – 42 ]. 

 A fundamental  principle   in scar management 
is the timing of operative intervention. In gen-
eral, surgery should be delayed until scar matu-
rity has been reached, which may range between 
12 and 24 months post-burn [ 41 ]. Corrective 
efforts performed on immature scar prove more 
technically demanding and may be met with 
more aggressive scar formation postoperatively. 
Furthermore, conservative measures such as 
pressure garments and silicone sheeting are often 

utilized to allow scars to mature nonoperatively. 
Indications for intervention prior to scar maturity 
include wounds with exposed vital structures, 
risk for invasive infection, severe contractures 
causing signifi cant functional defi cits or growth 
disturbance in children [ 5 ,  41 ,  42 ]. 

 As discussed in Chap.   11    ,  z-plasty functions   to 
decrease longitudinal tension of a scar by length-
ening its central limb and medial transposition of 
lateral fl aps serves to reduce the width of the 
scarred area, ultimately improving collagen 
remodeling  through   tension off-loading 
(Fig.  20.8 ) [ 43 ,  44 ]. In the context of burn scar 
contractures, releasing incisions should be limited 
to superfi cial planes enabling deep underlying 
structures to relax and expand into their original 
architecture [ 45 ]. Due to the frequency with 
which scar excision results in signifi cant tissue 
defi cits, a carefully considered plan for closure 
must always be included in preoperative plan-
ning. Where persistent tissue defi cit persists, vari-
able thicknesses of skin grafts can be utilized with 
wound bed contact maximized through the use of 
bolsters, splints, and wraps. Full-thickness skin 
grafts (FTSGs) prove more resistant to contrac-
ture recurrence, but the defect size may limit their 
use, in which case a thick split-thickness skin 
graft STSG can be considered. If healthy local tis-
sue is present, a regional transposition fl ap may be 
the best option and in select cases, a free fl ap may 
be indicated for large defects or exposed vital 
structures. When assessing the success of contrac-
ture release,    outcome measures may include func-
tional improvement, VSS rating, surface area 
measurements, and patient satisfaction [ 46 ].

       Soft Tissue Expansion for Burn Scar 
Reconstruction 

 Scar  management   often entails surgical excision 
that leaves a tissue defi cit not immediately ame-
nable to primary closure with graft, or local fl ap 
coverage. In such cases, tissue expansion 
becomes invaluable for reconstruction of adja-
cent soft tissue defects. The core advantages of 
tissue expansion are its reliability and ability to 
replace defects with tissue that is an excellent 
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color, texture, thickness, and hair-bearing pattern 
match [ 47 – 49 ]. Caution must be exercised when 
performing tissue expansion in patients with con-
nective tissue disease, poorly controlled diabetes 
or peripheral vascular disease, in regions of 
 irradiated tissue and the young child’s scalp. At 
the cellular level, tissue expansion relies on a 
robust angiogenic response similar to that of the 
incisional delay phenomena. 

 A typical tissue expander consists of a silicone 
elastomer reservoir placed beneath donor tissue, 
which is subsequently fi lled with saline at sched-
uled intervals (Fig.  20.9 ). Filling of the expander 
results in a net increase in surface area per unit 
volume of the overlying soft tissue envelope. 
Filling ports may be remote, connected to the 

expander through silastic tubing, or integrated 
within the expander. Integrated fi lling ports carry 
the risk of inadvertent puncture of the expander 
during fi lling, whereas subcutaneous placement 
of remote ports must be carefully located to avoid 
fi lling diffi culty [ 48 ].

    An expander should be  chosen   with a base two 
to three times the diameter of the expected soft- 
tissue defi cit, with a rigid backing to direct 
expansion perpendicular to the wound bed. 
Expander shape varies, and should be chosen 
based on anatomic location. Rectangular expand-
ers, most commonly used in the trunk and 
extremities, yield the greatest theoretical gain in 
tissue (40 %), whereas round expanders used in 
breast reconstruction provide the least (25 %). 

  Fig. 20.8    Diagram of a number of z-plasty  variations 
  useful for burn scar release and reconstruction. (Reprinted 
from Tredget EE, Levi B, Donelan MB. Biology and prin-

ciples of scar management and burn reconstruction. Surg 
Clin N Am 94(2014); 793–814 [ 13 ] with permission from 
Elsevier)       
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Crescent expanders gain more tissue centrally 
than peripherally and are useful in scalp defects. 
Perhaps the most important considerations in 
successful expansion are placement of incisions 
and positioning of the expander. Incisions for 

expander placement should be designed radially 
to the pocket in order to minimize tension and, 
therefore, risk of extrusion. Placement should be 
away from joints and parallel to the long-axis of 
the prospective defect, deep to well-vascularized 

  Fig. 20.9    ( a – c )  Soft tissue expansion   for burn scar  recon-
struction  . This 30-year-old female suffered burn injury 
from a campfi re after suffering a seizure who is undergo-
ing soft tissue expansion and reconstruction of the non- 

hair bearing region of the scalp after placement of three 
crescent shaped expanders infl ated biweekly for 3 months 
to a total of 400 cc prior to second stage scalp 
reconstruction       
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  Fig. 20.10    A 7-year old child with burn scar  contractures   of the neck and axilla who underwent burn scar release of 
the neck region using microsurgical soft tissue transfer of a pre-expanded radial forearm free fl ap       
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tissue that is free of unstable scar [ 49 ,  50 ]. The 
risk of extrusion can be decreased further by 
avoidance of excessive dissection, meticulous 
hemostasis, and designing the pocket to allow the 
expander to sit completely fl at without wrinkling. 
Pockets for the expander can be developed in the 
submuscular, subgaleal, or subcutaneous plane 
depending on reconstructive demands.  

    Laser Therapy of Burn Scars 

 Since  introduction   in the 1980s by Castro et al. 
and Apfelberg et al., therapy using  l ight  a mplifi -
cation by  s timulated  e mission of  r adiation, or 
 laser  has undergone rapid expansion in scar man-
agement [ 50 ,  51 ]. Although high-level evidence 
regarding effi cacy for scar tension, pruritus, and 
appearance is lacking, laser therapy is viewed by 
many as a substantial development in the treat-
ment of HTS. Following surgical release, many 
surgeons view the next stage in scar management 
to involve laser. Laser interaction with scar tissue 
is based on three different effects including ther-
mal, chemical, and mechanical. Four key  vari-
ables   are involved in laser treatment: energy, 
power, fl uency, and irradiance. Energy, measured 
in joules, is proportional to the number of pho-
tons released by excited electrons as they return 
to a resting state. Power, quantifi ed in watts, is a 
measure of energy per unit time (J/s), whereas 
fl uency is energy per unit area (J/cm 2 ). Irradiance 
is a measure of power per unit area (W/cm 2 ). 
Theoretically, laser therapy causes controlled 
damage of targeted tissue, which, in turn, induces 
favorable scar remodeling. Proposed mecha-
nisms on a histological scale include induction of 
acute infl ammation, MMP-mediated turnover of 
ECM proteins, and orderly production of colla-
gens I and III, and elastin [ 52 ]. 

 Laser therapy proves benefi cial for HTS 
through a process fi rst described in 1983 by 
Anderson and Parish termed  selective   photother-
molysis [ 53 ]. As light encounters a medium such 
as skin, it can be absorbed, scattered, transmitted, 
or refl ected. The stratum corneum of the epider-
mis refl ects 4–7 % of light, whereas the dermis 
largely scatters laser light [ 54 ]. Selective photo-

thermolysis relies on light of specifi c wavelengths 
being absorbed by chromophores such as mela-
nin, water, hemoglobin, and oxyhemoglobin. 
Upon absorption by chromophores, thermal 
effects ranging from protein denaturation to 
vaporization occur as well as chemical effects due 
to photon emissions. Tissue can be targeted for 
focused damage by lasers with specifi c wave-
lengths, pulse durations, and fl uencies. The effects 
of laser regarding burns scar remains  controversial. 
Parameters such as the laser type and the time 
between treatments have not been conclusively 
determined. In order to achieve the desired effect, 
two parameters must be met. The pulse duration 
of the absorbed light must be greater than the ther-
mal relaxation time of the target tissue, defi ned as 
the time for the tissue to cool to 50 % of the initial 
temperature achieved [ 54 ]. Secondly, the fl uency 
of the laser must be greater than the threshold fl u-
ency of the target tissue. Based on its mechanism 
of action, different lasers with specifi c parameters 
can be used to target certain symptoms. 

 Pulsed-dye lasers (PDL),    are indicated for the 
treatment of scar erythema. At wavelengths of 
585 or 598 nm PDLs are absorbed by oxyhemo-
globin with millisecond domains that target small 
blood vessels. This type of laser seems more effi -
cient for red or immature scar. Pulses of 0.4–
20 ms at fl uencies of 4–7 J/cm 2  induce focal 
damage in vascular endothelium and platelet 
thrombi, which correlates with improved scar 
pain, pruritus, and erythema [ 55 ]. Potential com-
plications include erythema, purpura, hyperpig-
mentation and hypopigmentation, and thermal 
injury. The most frequent complication is pur-
pura for few days to 1 week; however, cryogenic 
cooling can bolster epidermal protection. Despite 
its effectiveness for improving scar erythema, 
PDL proves minimally benefi cial in addressing 
scar contour or thickness. 

 Ablation laser therapy, which describes the 
total removal of target tissue  by   vaporization, is 
capable of treating deep thickness scars through 
reduction of scar mass and the spontaneous 
release of tension on restrictive scars. With water 
as its chromophore, ablational lasers cause tissue 
damage with a wavelength of 10,600 nm through 
nonspecifi c vaporization [ 56 ]. Fractional CO 2  
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ablative lasers are adjusted to target specifi c col-
umns of epidermis and dermis, which causes 
thermal damage in microthermal treatment zones. 
The tiny laser columns drill multiple holes into 
the tissue. Around each of the tunnels there is 
injured scar from heat, which is caused by vapor-
ization. Due to those injuries, the process of heal-
ing and scar maturation starts over again with 
new remodeling phase. Disorganized collagen 
fi brils are disrupted within these zones while 
concurrently allowing untreated adjacent areas to 
function as collagen reservoirs for healthy tissue 
regeneration. As with other lasers, the stimula-
tion of fi broblast activity and new collagen expe-
dite the healing process. Ablated microchannels 
have a diameter of 60–250 μm surrounded by a 
50–150 μm thick rim of thermal coagulation. The 
key strength of ablative lasers is their depth of 
penetration (0.08–4 mm) and thus their ability to 
treat thick scars [ 56 ,  57 ]. Pulse energy can be 
adjusted based on scar thickness as judged 
through palpation; however, consensus is lacking 
with regards to penetration beyond the depth of 
scar. Normal skin treated with these lasers rap-
idly heals without scar; however, caution should 
be exercised at higher energies. 

 Other types of lasers such  as   fractional non- 
ablative (NAFL) 1540/1550 nm has been studied 
and showed promising therapeutic potential with 
a decrease in residual thermal dermal damage 
and faster healing. The Alexandrite laser has also 
been used to destroy growing hair follicles and 
obstructed sweat glands that can be symptomatic 
for burn patients [ 57 ]. 

 General consensus appears to dictate the delay 
of laser therapy until at least 3 months post- injury, 
with most starting at 6–12 months after healing, at 
which point scar maturation is progressed. The 
risks of premature treatment lay in the marginal 
gain secondary to unstable epidermal coverage, 
and less tolerance of younger scars to rigorous 
treatment at the necessary settings [ 58 – 60 ]. Early 
intervention has been suggested by an interna-
tional panel of experts to be effective in preven-
tive of HTS [ 60 ].  The   surface area commonly 
involved in laser therapy often mandates its per-
formance under some form of sedation, typically 
a general anesthetic; however, relatively small 

areas may be treated under local anesthesia. An 
interval of 1–3 months between treatments is 
common, with multiple treatments often neces-
sary until benefi t has plateaued as judged by 
patient and surgeon.  Scar remodeling   has been 
reported as early as 1–2 weeks post- laser; how-
ever, benefi cial changes may progress over sev-
eral months. No consensus has been reached, nor 
data presented, to defi nitively illustrate a relation-
ship between laser effi cacy and the location or 
age of scar. Early research does demonstrate  that 
  outcomes are stable at 2-years after the last laser 
treatment. A study by Hultman et al. concluded 
that the greatest clinical gains from laser therapy 
occurred when treatment was initiated before the 
18-months post-burn, and with an average of 5.3 
sessions per patient, a mean reduction in the VSS 
score from 10.43 to 3.29 was achieved [ 56 ]. 

 Despite the potential  benefi ts  , laser therapy is 
not without risk or complication. Most com-
monly, hypopigmentation, erythema, temporary 
hyperpigmentation, infection, scarring, and pain 
have been reported [ 60 ]. Thermal injury is always 
a risk, but can be mitigated by vigilant selection 
of laser settings, minimizing redundant passes, 
adjusting the density at each new treatment inter-
val, wearing protective eyewear, and judicious 
use of concurrent therapies. Preoperatively, 
patients with a history of herpes simplex infec-
tion should receive antiviral prophylaxis. Normal 
activity can be resumed immediately, with the 
exception of sun exposure, and immersion in 
water. Petroleum-based ointment and light dress-
ings are typically applied postoperatively, with 
dressing removal at the 48-h mark, and continued 
application of ointment until reepithelialization 
between postoperative days 3 and 4. Adjunctive 
steroid therapy in the form of intralesional injec-
tions, or topical application has been described 
[ 60 ]. Distribution of the steroid throughout the 
scar is facilitated by the micropores created by 
the laser. Adjunctive steroids should be discon-
tinued at the fi rst sign of tissue atrophy, telangiec-
tasias, or hypopigmentation. Other adjunctive 
therapies described include 5-fl uorouracil, and 
hydroquinones which may also improve ery-
thema through decreased pigmentation of the 
epidermis [ 60 – 62 ].  
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    Microvascular Free Tissue Transfer 
in Burn Reconstruction 

 Microvascular free fl aps may be  benefi cial   in the 
acute phase of thermal or electrical burn for cov-
erage of exposed structures as vessels, nerves, 
tendons, and bone and in some cases represent 
the only option for limb salvage [ 63 ,  64 ]. Free 
fl aps allows the transfer of large area of healthy 
tissue with an intact vascular supply but also can 
be used as composite reconstruction with bone, 
nerves, tendon, or cartilage. The types of fl aps 
can be fasciocutaneous, muscular, fascial, com-
bined, prefabricated or prelaminated. Commonly 
used fl aps include the anterior lateral thigh fl ap, 
latissimus dorsi myocutaneous fl ap, scapular/
parascapular, lateral arm, and radial forearm free 
fl aps as well as others. Fasciocutaneous fl ap can 
provide thin and pliable tissue coverage as suited 
for reconstruction of burn scar contractures of the 
neck region (Fig.  20.9 ). Muscle free fl aps are use-
ful when a larger volume of tissue is necessary to 
obliterate a dead space or for functional muscular 
transfer. 

 However, physiological instability,    damage to 
surrounding tissue, restriction of donor site and 
recipient vessels can limit the use of free tissue 
transfer for burn patients. Free fl aps for burns 
patients may imply additional challenges such as 
cardiovascular and respiratory instability, avail-
ability and quality of recipient vessels, limited 
donor site options and a possible increased infec-
tion risk. Preoperative planning is essential for 
those patients. Modalities such as angiography or 
Doppler can be a useful tool to assess the vascu-
lar anatomy of the fl ap and recipient site. 
Inadequate debridement of dead tissue has been 
reported as an important risk factor of fl ap fail-
ure. Free fl aps in burn patients are recognized to 
have a higher risk of complications; however, 
careful patient selection and monitoring post 
operatively have improved outcomes [ 63 – 65 ]. 

 Microvascular allotransplantation of compos-
ite tissue including face or upper extremity has 
promising cosmetic and functional benefi ts to 
burn patients but must be balanced with the risks 
of immunosuppression and rejection making 
patient selection complex [ 65 ].   

    Conclusions 

 Scar management  after   burn injury involves the 
assessment and long-term multimodal treatment 
of hypertrophic scarring, contractures, and dis-
turbances in pigmentation. As our understanding 
of the molecular basis for pathological scarring 
advances, novel targets will lead to specifi c thera-
peutic interventions. Currently effective burn sur-
gery requires a sound foundation of skills in the 
prevention, conservative treatment, and operative 
reconstruction of pathologic scars in order to 
deliver a high quality of care to patients burdened 
with the severe functional and cosmetic compli-
cations of thermal injury.     
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          Introduction 

 With the advances in resuscitation over the last 
couple of decades, people are surviving larger 
burns and can live long lives. As a result, psycho-
social recovery and long-term quality of life war-
rant more attention. Research has shown that 
controllable factors early in the  hospitalization  , 
such as social support, pain control, anxiety, and 
delirium, can have long-term effects on a per-
son’s recovery and should be addressed [ 1 – 7 ]. 
Essentially, achieving long-term quality of life 
starts in the intensive care unit (ICU). For new 
burn team members the signifi cance of the psy-
chological and social impact of a traumatic burn 
injury is not hard to imagine. The traumatic nature 
of the injury accompanied by the long and painful 

treatment will test the most resilient patient and 
family. Research supporting the challenges of 
psychosocial adjustment after a burn injury con-
tinues to grow but less documented is the evidence 
of successful interventions to support and improve 
psychosocial outcomes. The persistent diffi culties 
in psychological and social adjustment are often 
under-recognized and hence undertreated [ 8 ]. 
There is no systematic effort to address these criti-
cal social and psychological rehabilitation needs 
leaving patients to cope on their own [ 8 ,  9 ]. The 
family and patient each process the loss and fears 
associated with the burn injury in different ways 
and at their own pace. A signifi cant percentage of 
those impacted experience psychological distress 
long after discharge from the  hospital and clinic 
setting.   This chapter will highlight the potential 
psychosocial diagnosis related to burn trauma, 
and examine the psychosocial needs of a patient at 
each phase of recovery with an emphasis on set-
ting the patient up for success long after the burn 
has healed. We will also recommend how and 
when to screen for common psychiatric issues and 
provide  suggestions on when to intervene.  

    Preparing Yourself 

 The impact of your compassionate and empa-
thetic communication with patient and family 
throughout all phases of the care continuum can-
not be overstated in helping to set the stage for 

        R.  K.   Holavanahalli ,  Ph.D.      (*) 
  Department of Physical Medicine and Rehabilitation , 
 University of Texas Southwestern Medical Center , 
  5323 Harry Hines Blvd. ,  Dallas ,  TX   75390-9136 ,  USA   
 e-mail: radha.holavanahalli@utsouthwestern.edu   

    A.   Acton ,  R.N., B.S.N.      
  Phoenix Society for Burn Survivors , 
  1835 RW Berends Dr. SW ,  Grand Rapids ,  MI  
 49519-4955 ,  USA   
 e-mail: amy@phoenix-society.org   

    S.   Wiechman ,  Ph.D., A.B.P.P.      
  Department of Rehabilitation Medicine , 
 University of Washington School of Medicine , 
  Seattle ,  WA ,  USA   
 e-mail: wiechman@u.washington.edu  

tpham94@uw.edu

mailto:radha.holavanahalli@utsouthwestern.edu
mailto:amy@phoenix-society.org
mailto:wiechman@u.washington.edu


262

the best possible outcomes. However, a very 
important fi rst step is to learn about the potential 
long-term outcomes of those with severe burn 
injuries. It is important to understand the poten-
tial of a patient who is recovering from a signifi -
cant burn trauma. Listening to training videos of 
burn  survivors   sharing their story will help in 
self-awareness of beliefs and judgments regard-
ing the quality of life of someone with severe dis-
fi gurement. This greater understanding of what to 
expect will also help in conveying a hope for the 
future at the bedside. The ongoing  psychological 
distress   including a sense of hopelessness, fear of 
the unknown, loss of control, and body image 
concerns are just a few of the challenges patients 
mention at the outset. Information and tools to 
help families understand the recovery process 
from a burn injury is critical and must be offered 
throughout the hospital stay and at a pace that 
they can absorb. Just because patients do not ask 
about their appearance does not mean they are 
not feeling stress and anxiety about this and other 
areas of their life. Asking open-ended questions 
to the family and patient will allow them to share 
their feelings and open the dialog for crucial con-
versations about their recovery. An example is 
when looking at a new graft for the fi rst time 
instead of sharing the excitement about the surgi-
cal success and how great the graft looks, the 
patient can be asked about what they think about 
the appearance of the graft. This will likely open 
up a whole different conversation about how they 
are feeling about their appearance. An empa-
thetic communication style, listening to and 
acknowledging patient concerns, can lend itself 
to valuable teaching moments about the process 
of healing and how the appearance will improve 
over time. This too can be an opportunity to 
introduce the available  survivor community 
resources   to decrease the feelings of isolation and 
exploring the psychosocial stressors that are 
often not a specifi c diagnosis. As someone new to 
the burn rotation you may not have all the answers 
but as long as you show compassion, listen and 
validate the needs of the patient and family you 
will help set the stage for emotional as well as the 
physical healing. 

 Each step of the recovery from a burn injury is 
different, just like each burn survivor and family. 
The journey involves not just healing the body, 
but also the mind and spirit. Burn care has to sup-
port the whole person, while also engaging a sur-
vivor’s loved ones and support systems. The 
entire multidisciplinary  team   needs to be involved 
at all phases of recovery. For these sections, the 
social worker, psychologist, and psychiatrist will 
be referred to as the  mental health team  and the 
doctors, nurses, physical therapists (PTs), occu-
pational therapists (OTs), and child life special-
ists will be referred to as the  medical team . Burn 
Centers should also consider engaging the 
Phoenix Society early in a patient’s hospitaliza-
tion. The Phoenix Society for Burn Survivors is a 
leading national nonprofi t organization dedicated 
to empowering anyone affected by a burn injury 
through peer support, education, and advocacy. 
The  Phoenix Society   works with burn survivors, 
their loved ones, and medical teams across the 
country to care for the whole family after a burn 
injury. The educational programs, peer-to-peer 
support, online community, in-person events, 
referrals to local organizations and more provide 
essential support to the burn survivor community. 
The Phoenix Society has been serving as the 
national hub for aftercare activities for nearly 40 
years. For the purposes of this chapter, burn 
recovery is classifi ed into three phases—the 
intensive care and resuscitation phase, the acute 
care phase, and the rehabilitation phase, includ-
ing  community reintegration  . “Aftercare” reinte-
gration begins at the time of injury (mission 
statement of the Joint Aftercare Reintegration 
Committee of the American Burn Association 
[ABA] and the Phoenix Society for Burn 
Survivors). Unlike in the past when attention to 
the rehabilitation of survivors of burn injury was 
only an afterthought [ 10 ], each phase of burn 
recovery now has the ultimate goal of returning 
the patient as close as possible to a pre-injury 
way of life. The psychosocial reentry is the most 
diffi cult part of a burn survivor’s personal recov-
ery [ 11 ]. Long-term psychosocial recovery of 
burn patients is dependent on successful reinte-
gration into the community [ 12 ].  
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    Intensive  Care   and  Resuscitation   

 During the time of receiving care in the ICU, 
considerable emphasis will be on providing emo-
tional support to the family. The patient’s mental 
status is likely to fl uctuate and their ability to 
truly process what has happened is limited. The 
psychosocial needs and considerations during 
this phase of recovery are given  in   Table  21.1 .

       Family Support   

 Social support can be a contributing factor to a 
person’s well-being, either positive or negative 
[ 1 ]. For example, the number of supporters at the 
bedside is not as important as the quality of the 
support. One person present who can provide 
positive support is more important than a lot of 
people at the bedside who are in constant confl ict 
and struggling with their own emotional needs. 
Understanding the needs of family members at 
this stage can help us to intervene appropriately. 
A 1999 survey by Thompson and colleagues [ 13 ] 
found that the patient’s well-being, medical con-
dition of the patient, having personal needs met 
(parking, bathrooms, transportation, and food), 
and the patient’s emotional status were primary 
sources of stress for the family. They also found 
that family members of pediatric patients worry 
about the amount of pain the patient is experienc-
ing and the potential need for surgery. The burn 
team can work together to ensure that the family 
at the bedside gets their needs met. The medical 
team can assist by keeping the family informed of 
the patient’s current status and understanding the 
long-term plan for recovery. Going over the plan 
or goals of the day, informing them of any 
changes in condition, and periodically holding 

family meetings can make this communication 
smoother. The mental health team can assist by 
providing support to the family, encouraging the 
family’s own self-care (e.g., giving them permis-
sion to leave the hospital to take care of other 
matters, sleeping and eating regularly, and exer-
cising). The mental health team can also be a 
sounding board for the family to vent concerns 
and to solve problems. If necessary, the mental 
health team may need to intervene with family 
confl icts to keep the patient’s room free of con-
fl ict and ease the stress on the medical providers. 

 In a study [ 13 ] that asked family members 
what was helping them get through hospitaliza-
tion, the responses included family and friends, 
burn center staff, spirituality, optimism, and 
retaining hope. Further, over 60 % of patients in a 
survey [ 14 ] responded that addressing religious 
and spiritual needs was important in their recov-
ery and should be a part of medical care. 
Providing pastoral care visits to patients and fam-
ily members (unless refused) may be helpful in 
recovery. Most burn centers have utilized the 
Phoenix Society’s  Survivors Offering Assistance 
in Recovery  (SOAR) program and those peer vis-
its of survivor and family members who have 
experienced a similar injury can also be useful at 
this phase in providing support and hope to the 
family and establishing a good relationship early 
in the hospitalization. Providing quality informa-
tion and a sense of connection for some family 
members may help decrease stress and the feel-
ing of being out of control. There are a wealth of 
resources on the Phoenix Society website (  http://
www.phoenix-society.org/resources/    ) including 
moderated Phoenix Society SOAR online chats 
and forums available to family members who 
often feel they need to be doing something to 
help. Self-directed learning about recovery often 
reinforces what the burn team is already sharing 
and helps families feel supported while the focus 
is intensively on the patient. 

 The relationship that all members of the burn 
team form with the family at this stage is critical 
for the long-term partnership that is needed to 
care for the patient for years to come. When the 
family trusts the burn team, that trust will trans-
fer to the patient and forms the basis of a solid 

   Table 21.1     Psychosocial needs and considerations   during 
the intensive care and resuscitation phase of recovery   

 Provide support and education to 

   Family members 

   Patient 

 Pharmacological and nonpharmacological pain 
management 

 Screen for anxiety, acute stress disorder, and delirium 
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working relationship [ 1 ]. Communication and 
the need for consistent messages from the burn 
team are vital to building trust—the words mat-
ter. An example—Some survivors talk about 
what they hear when you say you “don’t know,” 
they perceive you may be keeping something 
from them but when reassured that the type of 
injury and the healing process outcomes vary and 
there are things we cannot  answer   yet.  

     Patient Support   

 Oftentimes, the patient is using the defense of 
denial to minimize the impact of the injury. This 
is an appropriate and necessary defense at this 
stage when the focus is on survival. We advocate 
support of whatever defenses the patient is using 
to cope with their injury, as long as those defenses 
are not interfering with participation in care. If 
the patient is either giving up, or minimizing the 
severity of the injury to the point of refusing 
occupational therapy/physical therapy (PT/OT) 
or wound care, then the mental health team 
should be consulted for intervention. Again, get-
ting a Phoenix Society SOAR peer visitor 
involved at this stage can be a tremendous source 
of hope for the patient.  

    Pain, Anxiety, Acute Stress 
Disorder, and Delirium 
Management 

 Pain, anxiety, and delirium  management   are all 
common complications in the intensive care unit 
(ICU). Research has shown that ineffective man-
agement of these issues early in the hospitaliza-
tion can lead to negative outcomes for many 
years following discharge. Specifi cally, high 
inpatient pain levels predict higher rates of 
depression and suicidal ideation up to 2 years fol-
lowing the burn injury [ 5 ,  15 ,  16 ]. High inpatient 
pain levels also predict rates of  post-traumatic 
stress disorder (PTSD)      following the injury and 
many patients report that the trauma that they are 
re-experiencing is not the initial burn trauma, but 
the subsequent painful wound care. 

 Both procedural and baseline anxiety can also 
increase a patient’s perception of pain and should 
be treated as aggressively as we treat pain. 
Unfortunately, pharmacologic treatment of both 
pain and anxiety with opiates and benzodiaze-
pines will also lead to delirium. In addition, high 
pain and anxiety levels can also lead to delirium. 
Acute Stress Disorder ( ASD     ) occurs between 3 
days and 1 month following the injury. The pri-
mary diagnostic symptom that differentiates it 
from PTSD is dissociation, or the feeling of an 
altered sense of reality or seeing oneself from 
another’s perspective. Untreated ASD can also 
increase agitation and pain levels [ 17 ,  18 ]. 
Prolonged periods of delirium increase rates of 
complications, such as infections, and can lead to 
longer lengths of stay [ 6 ,  7 ]. Initial research has 
also shown that inpatient delirium can also lead 
to decreased cognitive function and increases in 
rates of depression after discharge. 

 Screening for these issues is critical. Periodic 
assessment of patient’s pain is now a required 
part of the nursing assessment and many tools 
have been recommended in the literature to assess 
pain either by self- report or by observation in 
both adults and children [ 19 ,  20 ]. Anxiety can be 
quickly assessed by asking patients to rate their 
anxiety on a 0–10 scale. For nonverbal patients or 
children, a strong indicator of anxiety is whether 
or not they show pain behaviors or agitation prior 
to any painful procedures. Screening for Acute 
Stress Disorder ( AS  D)       can be done by asking 
patients if they are having any nightmares or 
fl ashbacks of the injury, or if they are observed to 
have disturbed and restless sleep. If so, a consul-
tation from the mental health team is warranted 
for further assessment. 

 Delirium  i  s also typically assessed by the bed-
side nurse. It is important to assess throughout 
the day (typically once per shift) given that delir-
ium is transient and the medical team needs a 
sense of the percentage of the day that the patient 
is delirious to better inform treatment. Common 
measures to assess delirium are described else-
where [ 21 ] and include the CAM-ICU [ 22 ,  23 ] 
and the Delirium Rating Scale-Revised-98 [ 24 ]. 

 Nonpharmacological interventions are critical 
adjuncts to medications in treating these three 
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complications. Hypnosis, meditation, progres-
sive relaxation, imagery, mindfulness, and envi-
ronmental interventions have all been shown to 
be effective in helping to manage pain, anxiety, 
and delirium [ 25 ,  26 ]. Table  21.2  provides a list 
of pharmacological and nonpharmacological 
interventions for delirium  managemen  t.

         Acute Care   

 As the patient moves out of the ICU and onto the 
acute care fl oor, the nature of both the emotional 
impact and the interventions that can be done 
changes as they become more alert and oriented 
to their situation. The patient is able to more 
actively participate with the mental health pro-
vider and more in-depth processing can begin, 
setting the stage for their long-term adjustment. 
The same tools as mentioned above can be used 
to continually screen and monitor pain, anxiety, 
and delirium. The psychosocial considerations 
during the acute care phase of recovery are listed 
in Table  21.3 .    Post-traumatic Stress Disorder 
(PTSD) is common after a traumatic injury and 
symptoms can interfere with care and increase 
distress. There are many screening tools for 
PTSD but they are quite lengthy for bedside 

nurses or social workers. Similarly to the screen-
ing of ASD mentioned above, patients can sim-
ply be asked if they are having nightmares or 
fl ashbacks of the injury or if their sleep is dis-
turbed and restless. If they indicate they are, con-
sult the mental health provider for further 
assessment. Screening for mood issues such as 
depression is also important at this phase. The 
quality consensus committee convened by the 
ABA has recommended several screening tools 
for both PTSD and Depression [ 27 ]. The Patient 
Health Questionnaire, either 9-item or 2-item 
( PHQ-9 or 2  ) [ 28 ], can be easily used by the bed-
side nurse or social worker and is free of charge. 
The committee recommends screening for 
depression at least once prior to discharge and on 
each subsequent outpatient clinic visit. Screening 
for depression is only effective once the person’s 
mental status has cleared. A positive screen 
should lead to consultation with the mental health 
provider. Pain and anxiety should continue to be 
managed with nonpharmacological adjuncts as 
mentioned above.

    Sleep issues   may also arise as the patient 
moves out of the ICU. Oftentimes, a patient’s 
days and nights go undifferentiated and they may 
sleep much of the day and then fi nd it diffi cult to 
sleep at night. Anxiety and pain can also interfere 
with sleep and insuffi cient sleep can lead to delir-
ium. Behavioral interventions for sleep are highly 
effective and can include designing a daily sched-
ule for the patient so that they know what to 
expect throughout the day and evening. Keeping 
lights on and shades up with activities throughout 
the day is important, as is turning the TV off and 
pulling the shades at night when it is time to 
sleep. Minimizing nighttime interruptions for 
nursing care is also critical to promoting 
 prolonged sleep. Napping during the day should 
be discouraged if possible. Pharmacological 

   Table 21.2    Pharmacological and nonpharmacological 
interventions for  delirium management     

 Minimize medications that can contribute to delirium 
when possible 

 Assess medical factors that could contribute to 
delirium (e.g., infections) 

 Continuously reorient the patient and place reorientation 
cues in the room (e.g., calendar, pictures of family) 

 Announce when you walk into the room and tell the 
patient what you will be doing 

 Put the patient on a regularly sleep/wake cycle and 
differentiate days and nights 

 Minimize nighttime interruptions 

 Limit overstimulation (too much light, too many 
people in the room, TV) 

 Speak to the patient in a direct, calm manner using 
easy to understand language and short sentences 

 Allow the patient extra time to respond to questions 

 Consider a medication to reduce delirium, such as IV 
 Haldol   

   Table 21.3     Psychosocial needs and consider-
ations   during the acute care phase of recovery   

 Pain management 

 Screen for anxiety/PTSD, depression 

 Sleep issues 

 Adherence to treatment 

 Adjustment to injury 
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sleep aides, such as melatonin, should also be 
considered if behavioral interventions are not 
adequate. Other medications typically used for 
sleep may put a patient at risk for delirium, espe-
cially in the elderly [ 29 ]. 

 Other issues that may arise as a  patient’s men-
tal status   clears include lack of adherence to treat-
ment and more in-depth processing of the impact 
of their injury. Oftentimes as patients move out of 
the ICU, they are weaned from opiate medica-
tion. This makes for more painful range of motion 
and therapy. Patients can suddenly “hit a wall” 
and lose motivation to continue aggressive par-
ticipation in their physical and occupational ther-
apy, particularly if they have had a long ICU stay. 
They will be more focused on discharge and get-
ting out of the hospital, despite not being inde-
pendent enough in wound care and therapies. 
Strategies to enhance motivation include helping 
a patient feel more in control of their own care 
and outcome. The team should engage the patient 
in setting their own functional goals and having 
input into their daily routines and discharge plan-
ning. Setting up a quota system where the focus is 
on increasing their performance goals by 10 % 
every day and working towards that goal versus 
stopping when there is pain can also be effective 
[ 30 ]. The  Phoenix Society SOAR visitors   can 
often exemplify, “the light at the end of the tun-
nel” and help the patient to overcome these tem-
porary barriers to treatment. 

 It is also important at this phase to provide 
supportive counseling so that patients have a safe 
place to process the impact of their injury and 
plan for the future. This must be done in a way 
that is comfortable for the patient and fi ts into 
their own pre-injury coping style. Some patients 
will want to talk about what has happened to 
them and be more emotional in their processing. 
While others will want to focus on concrete 
problem- solving strategies to get on with their 
future with little expressed emotion or discussion 
of the nature of their injury. Either style is effec-
tive and attempting to change a person’s coping 
style in the midst of a crisis such as a critical 
injury is rarely successful.  Family members   may 
have a different coping style and it can be dis-
tressing to those who need to talk and process the 
injury to interact with a patient who traditionally 

does not like to talk or emotionally process their 
injury and instead wants to focus on the future. 
The mental health team can provide education to 
family members whose coping styles differ from 
that of the patient. Successful processing at this 
phase can promote post-traumatic growth and 
resiliency long after discharge.  Peer visitors   can 
be especially effective at this phase, as they are 
usually that one voice who can truly understand 
what the patient is going through and they have 
been trained in supportive counseling. Often the 
patient will seek out those they feel safe with to 
process some of their feelings. It is necessary to 
be alert to such crucial conversation opportuni-
ties and if you are not prepared or qualifi ed to 
answer certain questions, ask if you can have 
someone who can help in that area instead of 
shutting down a discussion about the future or 
responding by minimizing the concern. 

 Managing  mood   may also be a challenge and 
low mood or even depression can be a barrier to 
adhering to treatment. Depression should be 
assessed and treated with either medication and/
or nonpharmacological interventions. Behavioral 
activation [ 31 ] such as getting the patient up, 
dressed and out of bed, and having one positive 
activity or event that they can look forward to 
everyday is particularly effective in the inpatient 
setting. Proactively asking about concerns they 
have about eventual discharge from hospital may 
also open the door to questions about appearance, 
body image, and social anxiety issues.  

    Rehabilitation  Phase   

 The success of the transition to the rehabilitation 
or outpatient phase of care largely depends upon 
the education and preparation for discharge. The 
education, interventions, and trust that the burn 
team has developed from the ICU through the 
acute phase will set the patient up for success at 
discharge. The amount of information that needs 
to be conveyed at discharge regarding wound 
care, therapies, medications, and outpatient fol-
low- up visits can quickly overwhelm patients. 
Information will need to be repeated and given in 
different formats. Having their primary nurse sit 
down with them and go over the information 
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 verbally, as well as providing them with written 
handouts and even offering a video of range of 
motion exercises can all be effective multimodal 
strategies. Patients and their family members 
should also be reassured that their care does 
not end at discharge. They will continue to be 
 followed closely by the burn team for as long 
as they need it and can call or come in often 
for outpatient appointments and consultations. 
Outpatient clinic visits should also be multidisci-
plinary, with each discipline screening, assess-
ing, and intervening on the issues that they 
managed while in the hospital. Screening for all 
of the above issues (e.g., mood, anxiety/PTSD, 
pain) should continue in the outpatient setting 
and the same screening tools can be used. 
Common screening tools recommended for use 
are listed  in   Table  21.4  [ 32 – 38 ]. Positive 
responses to the screens should initiate a referral 
or consultation to a mental health provider.

   Emerging needs during the aftercare and rein-
tegration  phase   (Table  21.5 ) when survival is no 
longer an issue includes needs for physical safety 
and comfort, self-esteem, and acceptance by 
 others. The primary focus is on cosmetic and 

functional defi cits and the emotional impact in 
personal (body image, self-esteem, sexuality, 
close family and other relatives), social (casual 
relationships including encounters with strangers 
in various social settings), and vocational (pro-
ductive activity) spheres of life.

       Body Image   

 Oftentimes issues with body image arise in the 
outpatient setting and need to be addressed. 
However, just because body image concerns arise 
in the outpatient setting does not mean that the 
patient has not been worrying about it earlier. It is 
very important to address such concerns while 
preparing the patient and family prior to dis-
charge from hospital. Body image and social 
anxiety issues can be addressed in the acute phase 
by taking patient outside the burn unit to practice 
how to respond to staring, double-takes, and 
questions. Depression, PTSD, and pain can all be 
impacted by a person’s body image following 
their burn injury [ 39 ]. In one study, body image 
dissatisfaction at 1 year postdischarge was the 
most important predictor of overall adjustment 
[ 16 ]. Response to wounds and potential scarring 
can vary greatly between individuals. Research 
has shown that those who place more importance 
on appearance prior to their injury will have more 
body image dissatisfaction after their injury [ 16 , 
 40 ]. Although the Satisfaction With Appearance 
Scale [ 36 ] was developed specifi cally for burn 
survivors to assess body image, it is lengthy and 
primarily used for research purposes and would 
be a burdensome screening tool in a busy outpa-
tient burn clinic. We recommend screening for 
body image issues by simply asking if a person is 
getting out in public, how they are responding to 
questions or staring, and their confi dence level in 
interacting with the public. These questions can 
give you clues to their body image and open the 
door for a more in-depth conversation on the 
issue. We have also found that asking about sex-
ual desire and function during their review of sys-
tems can also lead to a conversation about body 
image issues. Providing education on the scarring 
process can be helpful. We stress that their scars 
will continue to mature over the next year so 

   Table 21.4    Common  screening tools   recommended for 
use in the rehabilitation phase of recovery   

 Patient stress questionnaire [ 32 ]—this is a compilation 
of the PHQ-9 [ 28 ], the GAD-7 [ 33 ], the PC-PTSD [ 34 ], 
and the AUDIT [ 35 ] and can quickly assess for 
depression, anxiety, PTSD, and substance abuse in adults 

 Satisfaction with appearance (SWAP) [ 36 ]: can be 
used to assess body image concerns 

 Moods and feelings questionnaire (MFQ) [ 37 ]: short 
version can be used to assess for depressive symptoms 
in children under age 13 

 PTSD symptom scale (PSS) [ 38 ]: can be used to 
assess PTSD in children 

   Table 21.5    Emerging needs during the reintegration 
 phase   of recovery   

 Sleep disturbance 

 Depression 

 Body image concerns 

 Pain/itch control 

 PTSD 

 Relationship issues 

 Social discomfort 

 Work or school issues 

21 Psychosocial Recovery

tpham94@uw.edu



268

“acceptance” of their scars is not necessary in the 
fi rst year as it is not clear what they are being 
asked to “accept.” Peer support visits can be 
extremely helpful for a patient and family in 
understanding how the scars mature and what 
they can reasonably expect. Even after the fi rst 
year, burn survivors often want to maintain hope 
for improvement in scars with new technologies 
such as laser surgery and reconstructive surgical 
techniques. Burn reconstructive surgeons often 
struggle with the question of how much surgery 
is too much and when they should stop. The 
answer to this dilemma depends upon the burn 
survivor and a frank discussion with the survivor 
of the inability for any surgical intervention to 
erase scars is crucial. The surgeon and survivor 
will need to decide if the risk of the intervention 
is worth the potential benefi ts. 

 A substantial number of individuals experi-
ence signifi cant diffi culties with long-term psy-
chosocial adjustment, especially those individuals 
with changes in appearance [ 11 ]. Adjustment dif-
fi culties such as coping with staring and teasing 
when out  in   public, body image, and relationship 
issues signifi cantly affect quality of life, and 
much of the recovery happens not in the safe 
zone in a hospital but out in the community [ 11 ]. 
Meeting with a Phoenix SOAR peer volunteer 
can be benefi cial for a burn survivor who is decid-
ing how much reconstructive surgery they want 
to undergo or who is struggling with body image 
issues. At minimum, preparing a person to face 
the public with dressings, pressure garments, and 
pigment changes or scarring needs to be addressed 
early after discharge. The burn team can at least 
prepare them for the responses they may get and 
how to be prepared. It is often overwhelming for 
the patient to discuss and process these issues 
prior to discharge. In these circumstances, a con-
versation with the family about how to assist may 
be helpful. Helping burn survivors practice spe-
cifi c strategies to use in public and in social situ-
ations can assist them in making the successful 
transformation to a person who thrives after sur-
viving a burn injury [ 41 ]. Preparation can be 
done by offering different social scenarios and 
helping the survivor to plan responses that are 
comfortable for them. Guiding them to the 

Phoenix Society’s online resources to access 
“Beyond Surviving: Tools for Thriving after a 
Burn Injury” and their online videos is also an 
excellent resource that also includes the Image 
Enhancement Program that provides creative 
make-up techniques for burn survivors. A referral 
to a mental health provider may also be needed.     

    Post-traumatic Stress Disorder 

 As mentioned above, Post-traumatic Stress 
Disorder ( PTSD     ) can be a major cause of emo-
tional distress following a burn injury. Rates of 
PTSD over the course of a year vary from 19 to 
45 % [ 2 ,  4 ,  42 ] and can be quite debilitating. 
PTSD can be a major barrier to returning to 
work, particularly if the accident occurred on the 
job. It can also impair sleep and their ability to go 
out in public. Screening tools are often lengthy 
and typically need to be administered by a men-
tal health provider. However, one screening tool 
that may be useful is the Primary Care PTSD 
Screen (PC-PTSD) [ 34 ]. It is a 4-item scale to be 
used in medical settings and a positive response 
to any of the 4 items should initiate a referral to a 
mental health provider for a more thorough 
assessment. The burn team can ask whether or 
not a person is getting out in public, if they are 
having nightmares of the injury or any fears of 
returning to work. A positive response to these 
questions should initiate a referral to a mental 
health provider for more thorough assessment 
and intervention.  

     Return to Work   

 Returning to work is a major step towards reinte-
gration following a burn injury. Research has 
shown that the sooner a person can return to 
work, the more likely they are to return to work 
and the better state of mental health [ 43 ]. 
Returning to work can be an important part of 
therapy as it forces a person to get up, out of the 
house, and be active daily. Work can improve 
mood and improve quality of sleep. The burn 
team can set a person up for success in this area 
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by encouraging them to contact their employer as 
soon as possible following the injury and assist 
with fi lling out any necessary paperwork. It is 
rare that a person with a burn injury qualifi es for 
either short- or long-term disability. A gradual 
return to work plan is recommended that includes 
consideration of light duty options as soon as 
possible after discharge; as well as returning to 
work for a couple of hours for a short time, then 
progressing to half days, and fi nally full days. 
Returning to work in the middle of a typical work 
week can ease the transition as there are only a 
couple of days of work until the weekend and 
then they can rest and start again the following 
week. Patients should be encouraged to consult 
their state’s employment rules, especially if it is 
an injury that occurred on the  j  ob.  

     Return to School   

 Similar to returning to work, the sooner a child can 
return to school, the better they do emotionally 
and physically. Public schools are mandated to 
provide accommodations when needed. This may 
entail allowing a child to wear splints and pressure 
garments during the day and getting assistance 
with range of motion exercises. Accommodations 
for physical education classes might also be neces-
sary for a short time. It is rare that a child would 
need home schooling or to change schools as a 
result of their injury. The Phoenix Society has 
developed a program entitled, “The Journey 
Back,” for parents, teachers, and hospital staff who 
are assisting a child with a positive return to school 
after a burn injury. It is important that the child be 
prepared for questions and comments from class-
mates about their injury. Healthcare providers and 
parents need to discuss different questions and 
scenarios with the child and rehearse appropriate 
responses prior to returning to school.   

    Conclusion 

 A qualitative analysis [ 44 ] examining views of 
compassionate care within the context of burn 
care through burn survivors accounts yielded 

three primary themes: respect the person (by 
establishing an empathic connection, restoring 
control through choice, providing individualized 
care, and going above and beyond); interpersonal 
and informational communication; and provision 
of competent care. “Compassion is vital in burn 
care” [ 39 ]. Each step of the recovery from a burn 
injury is different, just like each burn survivor 
and family. The journey involves not just healing 
the body, but also the mind and spirit. Burn care 
has to support the whole person, while also 
engaging a survivor’s loved ones and support sys-
tems. Successful reintegration into society with 
an acceptable quality of life begins at the initial 
admission to the burn unit. The multidisciplinary 
team, in partnership with advocacy organiza-
tions, such as the Phoenix Society can work 
together to help a patient and family not just sur-
vive, but thrive following their injury.     
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          Introduction 

 Unfortunately, burns are not always the results of 
accidents, but on occasion they are the result of 
intent to injure.  Child maltreatment   is the  inten-
tional harm or threat of harm to a child by some-
one acting the role of caregiver, even if for a short 
time . While the recipients of most maltreatment 
are children, intentional injuries also occur to 
 adults  . Usually, those people who are vulnera-
ble—children, emotionally and mentally 
impaired people, and the elderly—are abused. 
Burns are also a means of assault. There are four 
 types   of maltreatment [ 1 ]:

    1.     Physical abuse : infl icting bodily injury by 
force or by forcing physically harmful 
activity   

   2.     Sexual abuse : exposure to sexual acts or 
materials, passive use for sexual stimuli, 
actual sexual contact   

   3.     Emotional abuse : coercive, demeaning, 
overly distant behavior by the caregiver that 
interferes with the child’s normal psychoso-
cial development   

   4.     Neglect : failure to provide basic shelter, 
supervision, medical care, or support (most 
common and  life threatening  )    

  This chapter will only cover the physical abuse 
related to burns but other forms of abuse that are 
often linked to burns. The goal of this chapter is to 
teach the caregiver how to recognize intentional 
maltreatment and then describe the caregiver’s 
role in treating these patients. The  responsibili-
ties   of the caregiver are also discussed. 

 The true incidence of  burn-related child   abuse 
is not known but studies suggest that burns make 
up approximately 10 % of all abuse [ 2 – 6 ]. Data 
are only available for burn admissions and stud-
ies state the abuse makes up 4–10 % of pediatric 
burn admissions [ 4 ,  7 – 12 ]. No one knows how 
many children sustain small, intentional burns in 
the outpatient setting but they certainly do occur 
[ 13 ]. All studies state that intentional burns are 
more common at the time of toilet training and 
usually occur in children less than 5 years of age. 
Stress is usually associated with abuse [ 4 ,  11 , 
 14 ]. These burns are much more common in 
lower income and broken families. They often 
occur in single parent families and in those with 
lower levels of education. Interestingly, these 
characteristics are not true for sexual abuse, 
which covers all economic levels. The perpetra-
tor is often not the parent but another person who 
is caring for the child (such as the boyfriend). 
Scalds are the most common type of admitted 
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abuse-related burns. Contact burns are usually 
small and are usually treated as outpatients. 
 Toddlers   are at risk since toilet training increases 
stress and frustration of the caregiver. Finally, 
child abuse can be considered an “inherited dis-
ease” since parents who were abused as a child 
are more likely to abuse their children. 

 The physician and all other caregivers have 
several roles when faced with child abuse. The 
caregiver must fi rst become suspicious that 
abuse has occurred and if there is a concern 
for maltreatment, then that concern needs to be 
passed on to the authorities—usually child pro-
tection services. The  responsibility   of reporting 
any concern that abuse has occurred is a legal 
requirement that is above caregiver/patient con-
fi dentiality. In essence, the caregiver must pro-
tect the child from any future abuse by letting 
authorities know about their concern. Failure 
to report a suspicion of abuse may lead to legal 
action against them. The caregiver must take care 
of the child and must document everything and 
anything that they observe. They are not, how-
ever, to be the judge in the case. Typically, the 
parent or whoever is with the child is told that 
the burn is suspicious in nature and will require 
investigation. Otherwise, unless the courts direct 
the parent that they are not to visit the child, they 
are treated like any other parent. A parent who 
has not abused their child will understand the 
need for such action. Once care is complete, the 
decision of whom the child is discharged to is 
up to social services, child protective services, or 
other  legal authorities  .  

    Recognition of Suspected Burn- 
Related Child Abuse 

 Recognition of burn-related child abuse is simple 
in principle—one must match the “story” with 
the patient’s “burn pattern.” When the pattern 
does not match the story the caregiver is obli-
gated to report his or her concern to the authori-
ties. In order to match the story with the burn 
pattern, the caregiver must know basic principles 
on how people are burned.   Burn depth    is depen-
dent on four factors:

    1.    Temperature of the contacting agent   
   2.    Duration of contact   
   3.    Thickness of skin   
   4.    Blood supply to the skin    

  The fi rst factor,  temperature of the contacting 
agent  is obvious—hotter agents produce deeper 
burns. Obviously, molten steel will create a 
deeper burn than melted wax. In addition, the 
mechanism of how the heat is transferred is 
important. Direct contact with hot metal or liquid 
transfers the heat more effi ciently than through 
convection or radiation of heat.   Duration of con-
tact    is also very important in determining burn 
depth. The longer the contact the deeper the burn 
will be. The minimal temperature to cause a burn 
is around 43.5° Centigrade (C) [ 15 ]. At this tem-
perature many hours are required to produce a 
superfi cial burn. Moritz and Henriques published 
their classic papers that described the relation-
ship between temperature of a liquid and depth of 
injury in the 1940s [ 16 ,  17 ]. At 160° Fahrenheit 
(F) (71° Centigrade [C]) a full-thickness burn 
will occur in 1 s. At 120° F (48.9° C), a full- 
thickness burn will occur in 10 min. This is the 
basis of one of the most important prevention 
efforts: to lower household water heater tempera-
tures to 120° F. These efforts have greatly 
reduced burns in children and probably will 
lower the incidence of scald-related child abuse. 
Duration of contact also affects contact burns. As 
adults, we have learned to quickly withdraw our 
hands when we touch a hot surface. Young chil-
dren, however, freeze when they touch a hot sur-
face and thus sustain deeper burns. The   thickness 
of skin    principle is also simple; thinner skin tends 
to be a greater risk for full-thickness injury than 
thicker skin. For instance, when a hand is exposed 
to extreme heat, the palm with its thicker skin 
tends to heal spontaneously. The thinner dorsal 
hand and volar distal forearm often end up to be 
full-thickness burns because that skin is signifi -
cantly thinner. The back, being thicker, often 
heals well because of this fact. Finally,  greater 
vascularity in the skin  tends to dissipate the heat 
and thus lessen the depth of injury. The face, 
being very vascular, is more tolerant of heat than 
less vascular areas such as the feet. 
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 Since  scald burns  are the most common type 
of burn in child abuse, one must understand how 
a liquid burns a person. There are  two principles 
of scald injury :

    1.    Liquids follow the “law of gravity”
    (a)    Free liquids fall to the ground   
   (b)    Liquids in a container have an upper sur-

face that is horizontal       
   2.    The site of burn injury occurs wherever the 

hot liquid touches the skin    

    Accidental scald burns    typically occur when a 
hot liquid “spills” onto a child. The liquid con-
tacts the face, shoulder, chest, or back in a wide 
area and then courses down the body. As the 
water travels down a standing child, it narrows 
the contact area to create a classic “V” pattern 
that also includes drip patterns (Fig.  22.1 ). If the 

child is sitting, the hot liquid will often spill 
between the legs to burn the upper or inner thighs 
and genitalia. If the child is wearing clothes, the 
burn pattern may change because the cloth dis-
perses the liquid. In addition, clothing keeps the 
hot liquid in contact with the skin for a longer 
period so that area will be deeper than other 
areas. The classic scenario is hot liquid spilling 
on to the face, shirt, and pants. The face burn is 
more superfi cial because the liquid rapidly falls 
off the face. The shirt keeps the fl uid in contact 
longer so that the chest is deeper. The pants, 
being the last to be removed, results in burns to 
the thighs that are the deepest of all of the injured 
areas.

     Intentional burns    often occur by “dipping” a 
child into a container of hot water—usually a 
bathtub. These burns may occur accidentally but 
if the perpetrator describes this injury as a “spill” 
then one must be concerned about abuse. Since 
any liquid in a container has a horizontal upper 
surface, the burn tends to be well demarcated at 
the top of the injury. The entire burned area is in 
contact with the hot liquid for the same time so 
the injury is of uniform depth. Classically, the 
child is grabbed under the arms and is placed feet 
and buttocks into the hot bath water. When placed 
into the tub, they lift their feet, bend their legs, 
and enter with their feet and buttocks. Therefore, 
they end up with a demarcated burn that has a 
line from the lower back, to the lower abdomen 
and at the lower thighs and upper lower legs—as 
if the knees are fl exed (Figs.  22.2  and  22.3 ). In 
several areas, the skin edges are in contact with 
each other so that no hot water contacts those 
regions.

    The  inguinal creases   and popliteal regions, 
which maintain contact, are usually spared (Fig. 
 22.4 ). Finally, the buttocks and plantar feet often 
contact the tub, which is not as hot, so those areas 
are typically spared or of lesser depth.

   Other parts of the body are also subjected to 
the same principles. Scald burns often occur to 
the hands when exposed to pouring water. If it is 
a spill injury, the dorsal hand is injured in an 
irregular pattern with sparing of the palm as the 
water falls off the hand (Fig.  22.5 ). Intentional 
burns often involve a well-demarcated burn on 

  Fig. 22.1    A typical accidental scald injury shows a 
 “V-shaped” pattern   as the water runs down the trunk. 
Typically, there are often “drip” marks. The scald is 
caused by the hot water falling off the child       
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  Fig. 22.2    The classic 
child abuse burn pattern 
is the “dip” burn. The 
child is placed feet and 
buttocks fi rst into hot 
water. There is a 
well- demarcated line at 
the top of where the tub 
water contacts the skin. 
This is a severe burn as 
far as extent of injury       

  Fig. 22.3    With a “dip” 
burn there is sparing 
behind the knees and in 
the  inguinal creases   
since the skin in that 
area is in contact with 
the opposite side (so that 
water does not touch it)       

  Fig. 22.4    The sparing 
in the  popliteal areas   is 
clearly seen. Since the 
skin is contacting the 
opposite side, these 
areas are spared       
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the wrist or forearm, and a uniform depth burn 
throughout the entire hand, as the extremity is 
forced into the hot liquid (Fig.  22.6 ). One leg 
may be placed in hot water to produce a demar-
cated single lower extremity injury. I have even 
taken care of a child who had his head dipped 
into hot water.

    There are   characteristics    of the explanation 
of burn etiology that should raise the suspicion 
of burn-related child abuse. Just like any patient 
evaluation, one must consider the  history  pro-
vided. Is the story plausible? Could the child 
really turn on the hot water and get into the tub 
by him or herself? Does the story change? People 

who fabricate stories will not provide a consis-
tent explanation of what had happened. On occa-
sion, the perpetrator will try to change the story 
to fi t the burn if the fi rst explanation does not 
make sense. I had a father who would say “what 
about this explanation? Does it make the burn 
make sense?” One should also determine the 
supervision at the time of burn. Quite often, the 
perpetrator will state that the baby was left in the 
care of the young sibling who then is blamed for 
causing the burn. 

 When considering the likelihood that the pat-
tern of injury matches the alleged story, one must 
also understand the  developmental stage of the 

  Fig. 22.5    An accidental hand burn usually involves one side of the hand ( a ). By refl ex, the fi ngers usually close to 
protect the palm ( b )       

  Fig. 22.6    When a hand is forced into hot water the burn usually involves both the dorsal ( a ) and palmar ( b ) aspect of 
the hand       
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child . In other words, can the child really do what 
the perpetrator states he/she did? One must ask 
what can the child physically do at their current 
age? Can the child maintain a sitting or standing 
position? Can the child climb into the tub by him-
self? Can he climb in the tub without falling or 
putting hands on the bottom? For instance, I have 
treated young children with well-demarcated 
single leg burns with the explanation that they 
climbed into the tub and stood on one foot. 
Toddlers are unable to climb into a tub without 
falling and are unable to stand on one foot and 
then get out. Very often, the explanation is that 
the child turned on the hot water but one must 
ask, can the child grasp the faucet with enough 
strength or skill to turn it on? Can the child roll 
over? One child that I treated was 2 months of 
age when he presented with burns over his poste-
rior legs, buttocks, and back. The story was that 
the 18-month-old brother placed him in the tub 
and turned on the hot water. First of all, an 18 
month old would not be able to place the child in 
the tub and create a demarcated burn. Second, a 4 
month old is unable to do anything but lie on his 
back so he would have been unable to maintain a 
sitting position, or even lift his head off the bot-
tom of the tub. 

 While it is not the job of the caregiver to be 
the investigator, the  physical examination  can 
assist with the investigation. The detective usu-
ally determines the maximal temperature of the 
water and the time required to reach that temper-
ature. Once the depth of injury is determined, one 
can estimate the duration of contact that occurred 
at the scene. The distance between the bottom of 
the buttocks and the top of the burn will also pro-
vide the depth of the liquid at the time of injury. 
This information, along with the size and depth 
of the tub, will assist with determining how the 
burn might have occurred. The design of the  fau-
cet mechanism   will also provide information as 
to whether a child could turn on the hot water or 
not. Any information that the child provides 
should also be documented since, on occasion, 
the child will say how the injury really occurred. 
One time I asked a child how she was burned and 
she stated, “My uncle burned me.” This was the 

only time she stated so but it helped with the 
investigation. Other fi ndings at the scene are also 
helpful. If the household is fi lthy or full of drug 
 paraphernalia   one may have more concerns of 
abuse or neglect. 

 An  inappropriate response of the child  is also 
a sign of abuse. If the child fails to cry during 
painful procedures, such as blood draws or intra-
venous line placement, then suspicions of abuse 
should increase. If a child is being chronically 
physically abused, then crying may lead to more 
abuse, so he or she learn not to cry when pain is 
infl icted. The interaction of the child with the 
parents or caregivers is also important to observe. 
Most  toddlers   will not want to leave a mother’s 
side but if they do not care or seem more attached 
to the caregivers, then one must worry about 
abuse. One must also watch for signs of fear 
when exposed to someone such as a boyfriend. 
Finally, unusual language or age-inappropriate 
promiscuity may be a sign of sexual abuse. 

 The child should always have a full physical 
examination that looks for other signs of injury or 
abuse. If there are burns of different ages of heal-
ing one must be concerned. If the injuries are on 
unusual sites such as genitalia, eyelids, or but-
tocks, then suspicions should be raised. There are 
classic signs of physical abuse such as bruising 
around the eyes and other areas from punching, 
and other “grab” marks. Signs of injury from 
being struck by other objects, such as sticks, 
whips, and others, should be noted. One should 
look for more subtle injuries such as retinal hem-
orrhages and signs of intracranial injuries. One 
should also perform an examination for fractures, 
especially in the mid humerus as from the 
“shaken baby” syndrome. Obtaining total body 
x-rays is warranted for young children who have 
signifi cant signs of abuse [ 18 – 21 ]. Finally, check-
ing for sexual abuse is also important. 

 One must also consider whether there are 
 signs   of  neglect , which is considered one of the 
worst forms of abuse. Is the child malnourished? 
One should look for signs of unexpected weight 
for the age of the child. One should also docu-
ment whether the child is unusually dirty or is 
wearing inappropriate clothing. Again, if the 
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house is fi lthy or used to manufacture illegal 
drugs raises concerns. Another warning sign is if 
there are other children with injuries or burns. 
Clearly, previous reports to child protective ser-
vices or the law is a warning sign. 

 There are well-documented warning signs that 
are often observed in the  parental response . Most 
parents are extremely concerned when their child 
sustains a burn. They will also understand if you 
tell them that the burn is suspicious and will 
require some investigation. If, on the other hand, 
the parents are more concerned with themselves 
than the child one must worry that something is 
wrong. The abuser will often be angry or in a 
hurry instead of being concerned. As stated ear-
lier, the home situation is often one of disarray, 
with economic and social distress. Parents are 
often separated or divorced. Physical abuse is 
more common in the less-educated family than in 
those with higher levels of education. Drug or 
alcohol  abuse   is often more common in the 
household of the abused child. Frequently, it is 
not the mother but a boyfriend who really has no 
interest in the child. On more than one occasion, 
it appeared as though the mother admitted that 
she burned the child but it seemed as though she 
was lying to protect the boyfriend because of fear 
or love. In addition, other members of the family 
(such as grandparents) add to the stress by indi-
cating that the mother is doing a poor job or that 
the boyfriend is a major problem. Finally, child 
abuse is an “inherited disease” since if a parent 
was abused as a child, they are more likely to 
abuse their own children. Many times economic 
and social stresses are very high and when a 
child’s toileting accident or crying adds to the 
stress the child is burned. 

 The  role of the    caregiver    is quite simple. They 
must take care of the child fi rst and foremost. 
They should tell the parent that the burn is suspi-
cious and will require an investigation. Unless 
directed to do otherwise by authorities, they 
should inform the parents of the plan and of the 
patient’s status like they would for any other 
patient family. All members of the team should 
document all comments and interactions. They 
should assist with investigation as described 

above but no one should judge the family. All 
caregivers have a  legal obligation  to report any 
concerns to the authorities. All concerns of 
potential abuse supersede all claims of profes-
sional/client privilege. There are penalties if one 
fails to report potential abuse.  

     Burn-Related Adult Abuse   

 Most burn-related abuse occurs in the young 
child but one must not forget that adults may also 
be abused [ 8 ,  10 ,  22 – 25 ]. The populations that 
are most at risk are the elderly, and the physically 
and mentally disabled. People who depend on 
others for the majority of their care are at signifi -
cant risk. Inability to defend oneself is also a risk. 
Adults are often at risk for being “dipped” in hot 
water during bathing. They are also at risk for 
neglect since they are unable to obtain basic 
needs.  Burns   are also a means of assault [ 6 ,  11 , 
 25 – 27 ].  Scalds   may occur by throwing hot liq-
uids on to someone. Women are more likely to 
scald a signifi cant other compared to other forms 
of assault. Unfortunately, men tend to injure 
women through fl ames or chemicals. Men may 
throw an accelerant onto a woman and ignite it. 
Chemical burns are often used to intentionally 
disfi gure someone by attacking the face. While 
the size of the burn may not be large, the chemi-
cal tends to lead to severe scarring. This injury 
seems to be more common in the Middle East 
and Central Asia.  

    Summary 

 Burn-related child and adult abuse is, unfortu-
nately, a form of injury that is not that uncommon. 
It is the obligation of the caregiver to recognize 
these injuries and report them to the authorities. 
The concept is relatively simple; one must match 
the “story” with the pattern of burn injury. One 
must also know which families are at greater risk 
of this type of burn—broken families, socioeco-
nomically depressed, and of lower education lev-
els. Even sadder is the fact that abuse is often 
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transmitted to the next generation since any child 
who was abused is at higher risk for abusing his or 
her children. By cooperating with the authorities, 
the perpetrators can be caught. By improving the 
social environment in the world, we may reduce 
the amount of these unfortunate injuries.     
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       The surgeon is in a unique position to promote 
fi re and burn prevention efforts by regularly par-
ticipating in national, state, and local programs 
that encourage fi re and burn safety education. 
Additionally, they should also use their  infl uence   
as head of the health care team to actively endorse 
legislative agendas that create and maintain a 
safe environment for all. Finally, whether con-
ducting an initial interview or discharge teaching, 
as physicians, they are in a unique position to dis-
cover potential unsafe activities that may be 
occurring in the home and should take the appro-
priate steps to help their patients and families 
maintain a safer home environment, while con-
tinuing to remain culturally sensitive. The sur-
geon should remember that the best way to treat a 
burn is to prevent it from occurring in the fi rst 
place. This chapter presents a historical review of 
burn prevention efforts, identifi es and discusses 
high-risk populations, and outlines some specifi c 
measures that can help reduce the incidence of 
specifi c burn injuries. 

    Historical Perspective 

 On a yearly basis, approximately 45,000 Americans 
are burned signifi cantly enough to require hospital-
ized treatment. This number also includes the 
approximately 25,000 individuals whose burns are 
so signifi cant that they required treatment at one of 
the 132 designated burn care facilities in the  United 
States and Canada   [ 1 ,  2 ]. The  National Fire 
Protection Association (NFPA)         reports that fi res 
accounted for 3240 civilian deaths in 2013, the lat-
est date in which fi gures are available [ 3 ]. Although 
these numbers represents signifi cant improvement 
over the decades in which data related to fi re and 
burn injuries have been collected, such injuries still 
rank fourth as the leading cause of unintentional 
injury deaths in the United States [ 4 ]. The publica-
tion of the report “ America Burning  ” in 1973 and 
“ America Burning Re-commissioned  ” in 2000 [ 5 , 
 6 ] started a revolution in  fi re and burn safety aware-
ness   that would continue for decades into the 
future. This publication laid the foundation that 
identifi ed among other things: (1) the need for the 
establishment of codes and standards; (2) fi re pro-
tection planning programs and most importantly; 
(3) fi re and life safety education programs. During 
the four decades after the initial report, more 
American homes (96–97 %) have been docu-
mented as having at least one  working  smoke alarm 
[ 7 ]. Additionally, adoption of local, state, and 
national regulations that enforce safer  building 
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codes and standards such as clearly defi ned exits 
and building egress procedures, sprinklers, and fi re 
notifi cation procedures has also led to a reduction 
in fi re and burn injuries. However, the continued 
high number of fi re- and burn-related injuries 
drives home the need for continued public educa-
tion. The next section will provide an in-depth his-
torical overview of prevention efforts. 

     Past Prevention Efforts   

 One of the most widely known and publicized 
fi res occurred in the United States in 1942. It is 
known as the Boston Coconut Grove nightclub 
fi re that claimed the lives of 491 individuals. An 
investigation of the fi re revealed that a number of 
code violations existed such as blocked or locked 
exits, overcrowding, fl ammable materials within 
the building(s), and a lack of sprinklers and 
smoke alarms [ 8 – 10 ]. As a result of this fi re, 
remarkable advances were made in burn treat-
ment [comprehension of inhalation injuries, fl uid 
resuscitation, and the use of antibiotics] and pub-
lic safety [revolving doors must  also   have swing 
doors, disaster planning, and no combustible 
materials in places of assembly] [ 10 – 13 ]. It was 
thought that the enactment of these public safety 
endeavors would keep the public safe should 
another fi re of this magnitude were to occur 
again. The likelihood of such safety endeavors 
being enacted on their own, before such a horrifi c 
event, probably would never have occurred. 

 Shortly after the  Cocoanut Grove Fire  , another 
devastating fi re occurred that would also awaken 
the public’s conscious regarding fi re and burn 
safety. On July 6, 1944, the big tent of the Ringling 
Brothers Circus suddenly became infl amed while 
nearly 7000 people were watching the show. The 
entire tent was completely demolished within 
6 min. One hundred sixty- eight individuals died 
(two-thirds of them children) and hundreds were 
severely injured [ 14 ,  15 ]. Following this disaster, 
fl ame-retardant compounds were used on circus 
tents to minimize any future fi re spread [ 14 – 16 ]. A 
review of the fi re investigator’s reports for both of 
these fi res noted that when the fi re occurred, indi-
viduals panicked and attempted to head towards 
the exits in which they had entered out of habit, or 

because of blocked exits, thus causing congestion 
and confusion as others attempted to escape as well 
as the large amount of recorded injuries and deaths. 

 Over the next 25 or so years following the cir-
cus fi re, scant progress was made in the effort to 
promote fi re and burn safety. Examples of such 
progress may include the passage of the  1953 
Flammable Fabrics Act  . This act was designed to 
regulate the manufacture or sale of highly fl am-
mable clothing [ 17 ]. The introduction of the 
home smoke alarm in the mid-1960s also made a 
major impact towards the promotion of fi re and 
burn safety. In the early 1970s, the Department of 
Housing and Urban Development (HUD) project 
“Operation Breakthrough” stated that smoke 
detectors should be required in all the homes par-
ticipating in this project [ 18 ]. Additional safety 
modifi cation included a few attempts at behav-
ioral change (closing the matchbox cover before 
striking, locking away matches and lighters) or 
product usage warnings (fl ammability labeling 
on fuel cans, safe use of space heaters). Such 
efforts garnered little success. 

 Members of the health care team that  provided   
burn care services recognized the need for fi re 
and burn safety education. For example, Dr. Carl 
Moyer published an article in 1954 entitled “ The 
Treatment of Severe Thermal Injury  ” in which he 
stated “The real solution lies not in treatment of 
burns, but in the prevention, not in the therapeu-
tic but in sociologic medicine. We are not going 
to stop using fi res, warming our houses, cooking 
our food, bathing in warm water” [ 14 ,  19 ]. Dr. 
Moyer had the foresight to recognize that behav-
ioral modifi cation alone was not the answer to a 
prevention-focused initiative.  

     Present-Day Efforts   

 Over the last four decades (1960s to 2010s), 
efforts at promoting fi re and burn prevention 
have made great strides at the local, state, and 
national levels. During this time period, national 
campaigns such as Fire Prevention Week © , Burn 
Awareness Week, and the National Scald 
Prevention Campaign ®  that promoted widespread 
safety initiatives such as the use of smoke alarms, 
reduction of hot water heater temperatures, and 
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home escape planning may have contributed to 
the public’s awareness of prevention safety [ 20 –
 22 ]. In addition, the adoption of formal safety 
programs promoted by professional organiza-
tions such as the NFPA’s “Learn-not-to-Burn ® ” 
curriculum; public safety programs such as Safe 
Kids Worldwide; governmental organizations 
such as the CDC’s “ National Action Plan for 
Child Injury Prevention  ”; and the  Consumer 
Products Safety Commission (CPSC)      provide 
fi re and life safety educators with the necessary 
tools to promote consistent unifi ed safety mes-
sages and practice guidelines. Nationally, many 
public school systems adopted mandatory fi re 
and burn safety education as a component of their 
health and safety curriculums. The surgeon must 
realize the importance of ensuring the fi re and 
life safety messages are accurate, adhered to, and 
remain up-to-date. It is very easy for the public to 
become complacent with fi re and life safety mes-
sages since they do not encounter such tragedies 
on a daily basis. Members of the public may be 
easily lured into a false sense of security because 
of all the initiatives taken to maintain a safe envi-
ronment such as a fully sprinklered building, 
clearly defi ned exits, and safety inspections and 
safety messages. However, as recently as 2003, a 
major fi re occurred at the Station nightclub in 
Warwick, RI. One hundred people died and over 
200 individuals were injured by the band’s pyro-
technic display. Egress from the nightclub, 
(which was not equipped with sprinklers) was 
hampered by the crowd rushing the main entrance 
to the building in an attempt to escape;  an   over-
crowded venue with blocked on not obvious 
exits; combustible interior fi nishes and incorrect 
exit doors …a similar problem that had occurred 
in other similar major US fi res [ 23 ].  

    The Five-Step Process 

 As the population of fi re and life safety advo-
cates began to increase, two main strategies have 
been employed to address fi re and life safety 
programs. The use of the “Five-step Process” 
and the “Three Es” infl uenced the approach 
safety advocates utilized to help tackle and 
address the fi re and burn safety problems. The 

“Five-Step Process” created by the U. S. Fire 
Administration was specifi cally designed to 
assist with public fi re education planning. This 
process describes a systematic approach to 
designing, implementing, and evaluating com-
munity safety education programs (see Table 
 23.1 ).    The manual is designed to assist individu-
als that may be new to community safety educa-
tion understand some of the basic concepts about 
how to get started with an organization’s com-
munity safety education programs. It was also 
designed to provide some hints and techniques 
on a variety of topics, such as methods for locat-
ing partners to assist with community education 
or techniques for locating resources for your 
safety programs [ 24 ]. The fi ve steps identifi ed in 
this process consist of the following:

    Step 1: Conduction of a community risk analysis.  
  Step 2: Development of community partnerships.  
  Step 3: Create an intervention strategy.  
  Step 4: Implement the strategy.  
  Step 5: Evaluate the results.    

 A description of the components and applica-
tion of  the   “Five-Step Process” is detailed in 
Table  23.1 .  

    Table 23.1    Five essential steps in promoting an  injury 
prevention program     

 Essential steps  Resources/prevention programs 

 1. Conduct a 
community 
assessment 

 American Burn Association 
(ABA) www.ameriburn.org 

 2. Defi ne the injury 
problem 

 American Association of Retired 
persons (AARP) 

 3. Set goals and 
objectives 

 Nat’l Center for Injury Prevention 
and Control (NCIPC/CDC) 

 4. Plan and test 
interventions 

 National Fire Protection 
Association (NFPA)   www.nfpa.org     

 5. Implement and 
evaluate 
interventions 

 US Fire Administration (USFA) 
  www.usfa.fema.org     

 American Council of the Blind 

 National Center for Health 
Statistics (NCHS) 

 National Fire Incident Reporting 
System (NFRIS) 

 The National Institute on Deafness 
and Other Communication 
Disorders (NIDOCD)    

  Reprinted from Ref. [ 14 ] with permission from Elsevier  
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    The Five Es 

 Initially known as the “Three Es” concept 
(Table  23.2 )    was another approach fi re and life 
safety advocates have used to identify risk fac-

tors and subsequently develop a strategic plan 
to alleviate potential injuries. The components 
of the “three Es” are  Education, Environment, 
and Enforcement . In 2000, the  National Fire 
Academy (NFA)      added the components of “ eco-
nomic incentive ” and “ emergency response ” 
because of their importance to community 
risk reduction [ 25 ]. This concept is known and 
referred to as the “Five Es” of prevention. Each 
of these concepts may be utilized in primary, sec-
ondary, and tertiary prevention initiatives. The 
“ Education ” component promotes the dissemi-
nation of information to at-risk individuals or 
targeted groups. The information disseminated 
usually includes a detailed description of the 
injury or risk at hand and the necessary steps the 
target audience (or individual) could (or should) 
take to avoid them; it also promotes an attitude 
or behavior change. This component is useful 
when: (1) there is new information about a risk 
that the target audience may already be familiar, 
but are unfamiliar with the new information; (2) 
No other approach to promote or demonstrate 
safety behavior may exist; (3) advocates may be 
seeking to infl uence policy makers and design 
engineers, and (4) there is a recognized need to 
teach a specifi c behavior or skill [ 25 ,  26 ]. This 
method is only effective if individuals recognize 
their vulnerability and take the initiative to do 
what will keep them safe.

   The  environmental approach   is the second 
component of the three E concept. This technique 
embraces the concept that environmental changes 
could reduce injury risks. Changes may include 
the physical surroundings such as changes to a 
pathway or exit route; products such as safety 
equipment utilized in vehicles, and the social 
environment such as attitudes towards fi re play. 
The unique concept surrounding the use of the 
environmental approach is that it does not depend 
upon the actions of others, but are usually pas-
sive, automatic, or constant in their protective 
effects [ 26 ]. The installation of the home smoke 
alarm is a good example of the  environmental 
approach.   It provides the three protective con-
cepts (passive, automatic, and constant) with lit-
tle effort by the consumer other than a battery 
chance or alarm replacement every 10 years. 

   Table 23.2    The fi ve “Es”    of prevention   

 “E”  Explanation 

 Education  Education is used to inform the target 
group about potential hazards or risks 
based upon their current behavior. 
Education may not cause the individual 
to change their behavior, but does 
increase injury awareness. An 
educational example would be informing 
about the need to change their smoke 
alarm every 10 years 

 Environment  Environment refers to the use of passive 
interventions that promote fi re and burn 
safety behaviors. There is no direct action 
required by the consumer. The use of and 
installation of a long-life or ten 
year smoke alarm is a good example of 
environmental change 

  Enforcement    Attempts to reduce unsafe behavior 
through the use legislative codes, 
standards, or regulations. Regulations may 
govern the actions of manufacturers, 
consumers, or local government. A law 
requiring landlords to have a working 
smoke alarm installed in all rental 
property is an example of regulations that 
may reduce the possibility of loss of life in 
the event of a fi re. 

 Economic 
incentive 

 Incentives that may be used to infl uence or 
persuade individual behaviors either 
positively or negatively. Positive incentives 
may be used as a reward (monetary, gifts, 
etc.) for individuals behaving in a certain 
manner. Negative incentives may be the 
issuance of tickets, fi nes, or punishment for 
not behaving in a certain manner. An 
example of a positive incentive may be a 
discount on homeowner’s insurance if a 
smoke alarm is present. 

 Emergency 
response 

 Emergency response initiatives are used by 
EMS personnel to reduce the potential of a 
risk. Recognizing potential community 
dangers or planning for community 
disasters are example of how emergency 
response may be used as part of the fi ve 
“Es” of prevention  For example, after 
practicing for a local disaster (chemical 
spill, tornado drill or hurricane    
evacuation) an evaluation of the event may 
assist community planners in determing   
available resources or needs. 
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 The third “E” refers to the concept of enforce-
ment. The  enforcement approach   seeks to effect a 
behavioral change through the process of legisla-
tive initiatives, such as laws/policy, codes, and 
standards. This process may require or prohibit 
actions thought necessary to keep the public safe. 
A good example of this process is the recent 
enactment of Reduced Ignition Propensity 
Cigarette Legislation (also known as fi re-safe or 
self-extinguishing cigarettes) in all 50 states. 
According to the NFPA, 2012 was the fi rst year 
such laws became effective in all 50 states. A 
projection linking the percentage decline in fi re 
deaths to the percentage of smokers covered sug-
gests that when smoking material fi re death num-
bers are analyzed for the year 2012, the reduction 
in civilian deaths will reach roughly 30 % [ 27 ]. 
Other examples of how such laws may require or 
prohibit specifi c actions to promote safety are 
listed in Box  23.1 . 

 As previously mentioned, the NFA added two 
additional “Es” in 2000. The notion of “ economic 
incentive  ” implies measures that may be under-
taken to infl uence behaviors in a positive or nega-
tive manner. For example, a positive incentive 
may be a discount on a homeowner’s insurance 
coverage if proof is provided that the home has a 
working smoke alarm. In addition to discounts, 
other positive incentives may include such things 
as offering monetary rewards, sales or coupons 
for the purchase of safety equipment. An exam-
ple of a negative economic incentive may be 
issuance of fi nes or citation for failing to enact 
certain safety behaviors such as proper storage of 
fl ammables [ 25 ]. 

 The “ emergency response  ” premise refers to 
interventions that may be taken by emergency 
responders to mitigate risks [ 25 ]. This is achieved 
by responders having a thorough knowledge of 
the available community resources and capabili-
ties when formulating a community risk assess-
ment plan. Having a working knowledge of 
resources may necessitate the need to enhance 
identifi ed areas of weakness. For example, if it is 
discovered that a particular manufacturer within 
the community used extremely hazardous chemi-
cals as a part of their manufacturing process, hav-
ing that knowledge will allow emergency 

responders to better plan for and practice a 
response in the event of a spill. As a part of the 
planned response, it may be discovered that a 
lack of capabilities for a specifi c response dic-
tates further training and specifi c knowledge, 
equipment or tools to help mitigate this defi -
ciency before emergency services are over-
whelmed by demands. 

 The application of consistent messaging fol-
lows a long period of  safety messages   being 
taught in a variety of ways and is a relatively new 
concept that has been embraced by present-day 
fi re and life safety advocates. The application of 
consistent messages and guidelines reduces the 
potential of recipients receiving mixed messages. 
An example of a mixed message would be teach-
ing the concept of the “Stop, drop, and roll” 
(SDR)    procedure should an individual’s clothing 
catch afi re. Should the safety technique be taught 
as “stop,” “drop,” and “roll,” or “stop,” “drop,” 
“ cover your eyes ,” and then “roll,” or “Stop,” 
“drop,” and “ roll all the way over [or side-to- 
side] ” to extinguish the fl ame. According to the 
NFPA, the correct technique is to stop, drop to 
the ground, and cover your face with your hands. 
Roll over and over or back and forth until the fi re 
is out [ 28 ]. A good slogan has three  characteris-
tics  : it is easily understood, easily remembered, 
and effectively incorporates the essential aspects 
required to protect the intended audience. The 
current Stop, Drop, and Roll (SDR) slogan has 
the characteristics of being a good slogan, having 
only four terms (“stop,” “drop,” and “roll”) that 
members of the general public are able to under-
stand and remember easily. Another important 
aspect of the SDR message is that the public is 
able to associate the technique with a specifi c 
situation and the message is simple [ 28 ].  

    Future Implications 

 The future of  fi re and burn prevention   initiatives 
is looking brighter. The surgeon must recognize 
that such initiatives should incorporate new edu-
cational approaches such as the use of technol-
ogy (communication, digital, data analysis, and 
robotics/interactive play) and other resources 
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such as product redesign, marketing, and legisla-
tive initiatives to achieve a successful prevention- 
focused program. It is imperative that the surgeon 
recognize that the future of burn prevention lies 
in the team approach [ 14 ]. Examples of how to 
use such programs, initiatives, and endeavors 
may consist of the following:  

    Enhanced  Organizational Awareness   
on Prevention 

 As the head of the Burn Team, the surgeon should 
recognize the infl uence they may have with hos-
pital administration to get them to support burn 
prevention initiatives. By blending a combination 
of marketing skills and public education, the sur-
geon should be able to achieve the full support 
of hospital administrators to back prevention- 
focused initiatives. From a marketing perspective, 
these initiatives create a branding opportunity and 
name recognition for both the burn center and 
the hospital within the community. It also cre-
ates an opportunity to collaborate with the local 
fi re service and other safety- oriented organiza-
tions within the community. Having the surgeon 
(or his/her team representative) champion such 
causes reinforces the notion that prevention is an 
important, cost-effective risk reduction tool [ 24 ]. 
Additionally, achieving verifi cation by such orga-
nizations as the American Burn Association, the 
American Trauma Society, etc., may well depend 
upon how successful burn center sponsored pre-
vention programs are supported by the facility in 
which it is located.  

    Greater Comprehension of  Data 
Collection and Analysis   

 We are living in a society that collects data about 
everything. However, there are some areas in 
which available data is lacking or unattainable. 
The  National Fire Incident Reporting System 
(NFIRS)      and the ABA Burn Registry collect data 
on most fi res and burns that occur in the United 
States and Canada respectively [ 24 ,  29 ]. Be that 
as it may, data obtained only represents a nomi-

nal portion of potential information regarding 
fi res and burns as many fi re departments and burn 
centers do not contribute to these databases. The 
surgeon should start an initiative within their 
community to collaborate and team with other 
agencies such as law enforcement, fi re depart-
ments, health department, and fi re marshal’s 
offi ces that may collect fi re and burn data. 
Gathering and analyzing data is an essential part 
of planning and developing an effective program. 
The success of a burn prevention strategy depends 
on the availability of demographic data and reli-
able burn statistics, including mortality rates and, 
more importantly, morbidity rates [ 14 ]. Before a 
strategy can be designed, developed, imple-
mented, and evaluated, the problem must be 
identifi ed and analyzed. By collecting data, 
injury prevention personnel are able to (1) iden-
tify the magnitude of the type of injury, (2) moni-
tor trends and specifi c areas of burn injury, (3) 
identify problems that may occur,    and (4) evalu-
ate burn prevention or intervention efforts [ 14 , 
 30 ]. Using such tools as GPS mapping, the sur-
geon could use data obtained to design a specifi c 
injury prevention campaign for a specifi c neigh-
borhood or zip code. GPS mapping may also help 
design culturally sensitive programs for a tar-
geted area that may refl ect a growing ethnicity. 
Other team members could ensure the success of 
such program by providing on-going monitoring 
to evaluate the success of such programs and 
make adjustments accordingly.  

    Integrated Use of  Prevention 
Interventions   

 The “fi ve Es” concept as described earlier pro-
vides an opportunity for the surgeon to choose 
the best approach when planning a prevention 
strategy. However, the surgeon should remember 
that the most effective strategies incorporate all 
fi ve concepts (education, engineering enforce-
ment, economic incentive, and EMS) to ensure 
the most successful outcome. The fi ve interven-
tions working together tackle the problem from 
all sides so the ability to reduce death and injuries 
is improved dramatically [ 25 ].  
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    Enhanced Application of  Technology   

 There is no doubt that technological advance-
ments made within the past few years have 
greatly contributed to the reduction of deaths and 
injuries associated with fi res and burns. 
Appliances with automatic shut-off switches, 
exterior oven doors that remain cool when the 
interior is hot, residential sprinklers, and improve-
ment in advanced warning systems are just a few 
examples of risk reduction technology. The sur-
geon should embrace computer technology as a 
tool and incorporate its use to assist with preven-
tion strategies. Various apps are available that 
monitors the effi ciency of early warning devices 
(smoke and Co alarms) and reminds the con-
sumer when critical values have been reached or 
the need to replace such devices. Computer simu-
lations that allow the consumer to draw a blue-
print of their home could assist the homeowner in 
planning and determining the best escape routes 
to take in the event of a fi re or when practicing 
home escape planning. Preloaded safety pro-
grams and messages may be downloaded onto 
computers that would allow the consumer the 
opportunity to watch and learn safety informa-
tion at their convenience and in their native lan-
guage. Such programs would allow the consumer 
to replay information they may not have under-
stood. Interactive programs would allow the con-
sumer to direct specifi c questions and concerns to 
program offi cials, thus creating a tailor-made 
personalized safety program. As technology con-
tinues to advance, surgeons and prevention spe-
cialist need to work with engineers and 
manufacturers to assist with designing products 
that will continue to promote a  safe   
environment.   

    The Role of the Surgeon 
in Promoting Burn Prevention 

 As previously mentioned, the surgeon is in a 
unique position to help promote burn prevention. 
When promoting such efforts, the surgeon’s role 
is that of remembering the importance of consid-
ering such aspects as cultural, socioeconomic, 

and community  resources  . For example, depend-
ing upon their culture, location, and economic 
condition, individuals may use portable heating 
equipment such as a kerosene heater as an alter-
native heating and cooking source to save money. 
Poorer households may be less likely to have a 
safe heating system, code compliance electrical 
services, smoke alarms, or other fi re-safe security 
measures. Their fi nancial diffi culties may present 
a potential challenge for the surgeon when assess-
ing their prevention needs [ 14 ]. However, if the 
surgeon has a working  knowledge of community 
resources   he/she may be able to connect the indi-
viduals with available resources to alleviate a 
potential injury. 

 Though their main role is health promotion, 
the surgeon should also seize every opportunity 
to emphasize prevention as well. The surgeon 
should see their role as taking a proactive stance 
in promoting fi re and burn prevention strategies. 
This may be performed on many fronts. For 
example, conducting a TV or radio interview 
concerning a fi re in which one or several indi-
viduals may have sustained a burn injury creates 
the perfect teaching moment. Simply stating that 
an early warning device such as a   working  smoke 
alarm and prevention education   could have pre-
vented the incidence or given the injured an 
opportunity to escape sends a message to others 
in the community of the need to check their 
smoke alarm. 

 The surgeon must also recognize the impor-
tance and benefi ts of building a coalition of simi-
lar minded agencies and organizations (local, 
state, and national) when deciding whether to 
address legislative initiatives that may or may 
not promote a safe environment for the commu-
nity. For example, if the local or state govern-
ment is considering permitting the sale of 
pyrotechnics within the  community   or across the 
state, the lone voice of the surgeon voicing con-
cern that permitting such sales may result in an 
increase in  burn and traumatic injuries may not 
be enough to deter the enactment of such legisla-
tion. However, the formation of a coalition  with 
similar local, state, and national life safety orga-
nizations, such as the National Fire Protection 
Association ® , SafeKids Worldwide ® , local fi re 
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safety educators, Emergency Nurses Association, 
Pediatric Society, American Trauma Society, 
Academy of Family Physicians to site a few, 
could be enough to deter such legislative actions. 
Additionally, the coalition could compile 
resources such as data (incidents frequency, 
body parts injuries,  estimated costs, time lost 
from work or school, suppression costs, property 
damage), money, technology, and content exper-
tise. The formation of a coalition also ensures 
that everyone involved has the same message, 
data, and concerns. A legislative initiative that 
enforce or enrich current and new regulations 
may help to reduce fi re and burn injuries. 
 Government offi cials   are more likely to respond 
to groups that present as a united front with a 
consolidated initiative and concern than the lone 
voice of one individual.  

     Age-Related Burn Prevention   

 A burn injury may occur to anyone at any time; 
however certain individuals are more vulnerable 
than others. Individuals who are at an increased 
risk may include infants, young children, older 
adults, and persons with disabilities. These indi-
viduals may lack the ability to escape a fi re or 
life-threatening situation or the ability to tolerate 
the physical stress a burn injury may impose on 
the body. Suggested prevention strategies and 
coalition partners associated with each of the 
identifi ed groups are addressed.  

    Infants and Preschool-Aged 
Children 

 Because they have little control over their envi-
ronment, this very vulnerable group depends 
upon their parents or caregivers for safety and 
protection. Burns and fi res are the fi fth most com-
mon cause of accidental death in children and 
adults and account for an estimated 3500 adult 
and child deaths per year [ 31 ]. Scald burns (caused 
by hot liquids or steam) and contact burns (caused 
by touching a hot object) are the most common 
types of burn-related injuries among young chil-
dren [ 14 ]. Therefore, any fi re and burn prevention 
initiative and strategies should be focused on edu-
cating parents and caregivers to create a safe envi-
ronment such as reducing hot water heater 
temperatures to 120 °F/48 °C or just below the 
medium setting. An example of the time and tem-
perature necessary to produce a scald burn in the 
older and infants is outlined in Table  23.3 .    The 
installation of anti-scald valves in the shower or 
tub could also prevent the possibility of a bath-
room-related scald injury. Kitchen safety for this 
special group includes instructing parents and 
caregivers to turn pot handles away from the edge 
of the stove and cook on the back burners of the 
stove. Creating a “no kid zone” around the stove, 
ovens, or hot items is another kitchen safety burn 
prevention tip [ 32 ]. Additional ways to reduce 
scald injuries is outlined in Box  23.1 . Enlisting 
the assistance of infant and preschool-aged child-
hood organizations such as a local social services 

   Table 23.3    Relationship between the  temperature   of tap water and time elapse before a scald injury occurs in the adult 
and infant   

 Temperature  Degree burn 

 Degrees centigrade  Degrees Fahrenheit 

 Adult  Infant 

 2nd  3rd  2nd  3rd 

 70  158  Instant  Instant  Instant  Instant 

 65  149   Instant    1 s  Instant  Instant 

 60  140  2 s  5 s  Instant  1 s 

 55  131  11 s  20 s  2 s  5 s 

 50  122  2 min  7 min  11 s  20 s 

 45  113  1 h 46 min  2 h 7 min  2 min  7 min 

 40  104  –  –  1 h 46 min  2 h 7 min 

  Reprinted from Ref. [ 14 ] with permission from Elsevier and Courtesy of the N. C. Jaycee Burn Center, UNC School of 
Medicine, Chapel Hill, NC  
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organization, daycare association, children’s 
advocacy group, and pediatrician group may also 
help the surgeon promote safety initiatives. Such 
organization may be able to provide age appropri-
ate learning characteristics that may enhance the 
program’s design.

       School-Aged Children   

 Elementary and junior high school students are 
more prone to sustaining a burn injury when their 

clothing ignites. This usually is associated with 
curiosity or fascination while playing with 
matches or lighters or spilling gasoline on their 
clothing while attempting to refuel the lawn-
mower [ 33 ]. Other burn-related injuries may be 
the result of unsupervised cooking or horseplay 
in kitchen. Modern fashion trends call for chil-
dren to wear very loose-fi tting clothing which if 
ignited would support combustion due to the air 
between the garment and the skin [ 34 ]. Once 
their clothing has ignited, children may instinc-
tively run, providing oxygen and increasing fl ame 
propagation, and resulting in more severe burns. 
Educational strategies that promote the “Stop, 
Drop, and Roll” technique is an important life-
saving behavior for this group to know. This 
behavior gives them a means to protect them-
selves and minimize fi re spread by limiting the 
supply of air, thus smothering the fl ames. Kitchen 
safety for this age group centers on adult supervi-
sion. Performing simple tasks such as using the 
microwave to heat soups and popcorn could 
result in a burn injury. Providing clear safety 
instructions such as opening microwaved prod-
ucts away from the face may reduce the potential 
of a burn injury. Collaborating with organiza-
tions such as the fi re service, boy and girl scouts 
   and the local clubs or organizations within the 
schools may prove benefi cial for such safety 
initiatives.  

     Older Adults   

 Current projections estimate close to 17 % of the 
total US population will be older than 65 by the 
year 2020. This percentage will continue to rise 
annually until it peaks at more than 20 % in 2050 
[ 2 ,  35 – 38 ]. The older adult population is suscep-
tible to fi re- or burn-related injuries for a number 
of reasons such as changes in physical and men-
tal abilities, comorbidities such as diabetes, 
aging/frailty, malnutrition, and impaired senses. 
A study [ 39 ] conducted in 2008 noted inadequate 
safety equipment in the homes of 50 % of the 
older adults and 30 % had tap water temperatures 
in excess of 60 °C (140 °F). Older adults, like 
young children, have thinner skin, so exposures 

   Box 23.1. Suggested Ways to Reduce Scald 

Injuries Caused by Hot Liquids 

•     Ensure that the hot water heater is set at a 
temperature of 90°–120°F (32.2–48.9 °C).  

•   Install tempering valves (anti-scald 
devices) in all faucets and shower heads.  

•   When preparing a bath, always turn on 
the cold water fi rst, then, gradually add 
hot water to the desired temperature.  

•   Always test the water temperature with 
your hands before putting children into 
or stepping into the tub.  

•   If uncertain about the water temperature, 
use a commercial thermostat or bath 
thermometer to check the temperature.  

•   When using the microwave, always read 
and follow directions and warnings on 
microwaveable foods. Open microwave 
heated containers away from your body 
as contents may be hot.  

•   Never cuddle or hold children (or pets) 
when drinking hot drinks.  

•   Do not cook with children or pets in the 
kitchen or cooking area. Create a “No 
Kids/Pet” zone three feet in front of the 
stove.  

•   Always turn pot handles in when cook-
ing on the stove.  

•   When possible, only cook on back 
burners.  

•   Keep small appliances (crock pots, toaster 
ovens) at the back of the counter, with 
their cords out of the way of children.    
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to burning substances such as hot liquids can 
cause a deeper burn with even brief exposure. 
Marketing and other research studies have shown 
repeatedly that one of the most major concerns of 
older Americans is their health and safety [ 14 ]. 
The above data make apparent the message of fi re 
and burn prevention should be carried to the older 
adult population in such a manner that they will 
be motivated to take action on their own behalf. 
To be effective educators, surgeons need to be 
able to assess and remedy knowledge defi cits and 
beliefs about fi re and burn safety in older adults. 
However, having knowledge is insuffi cient, per-
sons who learn the risks and dangers of burns 
would be expected to assess their environment 
and make changes that would decrease their risk 
for injury from fi re and burn. 

 However, this population may not have the 
means to make the necessary changes. A few key 
elements for the surgeon to consider when pre-
paring to present fi re and burn safety education to 
older adults are:

•    Encourage their participation during discus-
sion topic.  

•   Keep the message short and simple.  
•   Repeat key messages.  
•   Provide local examples.  
•   Emphasize positive behaviors.  
•   Host mid-morning classes.    

 The surgeon should consider collaborating 
with organizations that focus on the health and 
safety of the older adults such as the local council 
on aging, fi re department, and social services. 
Additional agencies to form a partnership with 
may include the local meals-on-wheels program 
and home health agencies. When contemplating a 
senior-specifi c fi re and burn safety program, the 
surgeon must also be aware that some program 
participants may have low literacy skills. Appy 
(2005) pointed out that adults with low literacy 
skills put themselves in danger of failing to 
receive and understand basic fi re prevention and 
protection messages and to utilize essential fi re 
safety devices [ 40 ]. Therefore safety programs 
should include a variety of communicative means 

such as simple words, pictures, and simple  picto-
rial   diagrams and videos to ensure that the 
intended message is received without creating an 
embarrassing situation for the learner or the 
instructor.   

    Burn Prevention for Individuals 
with Disabilities 

 There are wide variations in the defi nition of a 
disability. According to the Americans with 
Disabilities Act (ADA), a disability is  defi ned   as 
(1) a physical or mental impairment that sub-
stantially limits one or more of the major life 
activities of an individual, (2) a record of such an 
impairment, or (3) being regarded as having 
such an impairment. Major life activities are 
functions such as thinking and caring for one-
self, performing manual tasks, walking, seeing, 
hearing, speaking, breathing, learning, and 
working [ 41 ]. Individuals with disabilities face 
unique challenges if they are unprepared in the 
event of an emergency. Even if steps have been 
taken to be prepared for emergencies, individu-
als may still be at risk if their safety depends 
upon caregivers that may be absent or otherwise 
distracted. The surgeon should remember that 
 safety education   should be based around the 
abilities of the individual and should include 
them and their caretakers to help reinforce the 
lessons. Partnering with  local and national orga-
nizations   that provide specifi c disability services 
(deaf and hard of hearing, blind services, brain 
trauma, etc.) may prove to be very benefi cial 
when designing programs specifi cally designed 
for this very high-risk population. To be more 
effective at reaching individuals with disabilities 
or their caregivers, programs must consider pro-
viding (1) materials in alternative formats such 
as large print, braille, audiotapes, or disk, (2) 
sensitivity training for instructors, and (3) means 
of communications between emergency service 
providers and people with disabilities or their 
caregivers.    Table  23.4  identifi es burn prevention 
strategies and educational topics for individuals 
with disabilities.
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      Vision-Hearing and Mobility 
Impaired  Persons   

 Individuals with vision, hearing, and mobility 
impairments must take extra precautions when it 
comes to their health and well-being, especially 
in regard to fi re and burn safety. Interactions with 
an environment in which they cannot see, hear, or 
maneuver around may create potential health and 
safety hazards. As a result of their disabilities, 
these individuals may be at an increased risk of 
injury or death in the event of a fi re or burn injury. 
When designing fi re and burn safety programs 
related to individuals with special needs, the sur-
geon should seek assistance from local and 
national organizations that provide assistive ser-
vices to these high-risk groups. The surgeon 
should also keep in mind that safety programs 
should be based around the individual’s disability 
and capabilities. For example, a home escape 
plan for an individual with partial vision lost may 
include the use of an exit sign that fl ashes when 
the fi re alarm is activated. Individuals with total 
blindness may need to have a visual/light alarm 
signals in the areas in which they dwell as well as 
known area of refuge to shelter in place [ 42 ]. A 
safety program designed for individuals that may 
be deaf or hard or hearing should include the 
installations of a visual and tactile smoke alarm. 
These alarms are designed as an assistive device 
rather than compensate for the inability to hear 
[ 14 ]. Individuals with mobility and thought 
impairments may be restricted from swift actions 
when faced with a challenging situation such as 
the need to escape in the event of a fi re. Safety 
programs for this particular group should fi rst 

focus on the individuals and their caregivers rec-
ognizing their vulnerability due to their limita-
tions. The next step should center on educating 
these individuals to practice techniques that 
decrease their chances of accidentally sustaining 
a burn injury in the event of fi re or while cooking 
or other activities of daily living such as bathing. 
Discussion should center on the installation of 
anti-scald devices in the kitchen and bathroom. 
Educational programs should focus on the use of 
assistive devices that are designed to meet the 
specifi c disability needs of the individual,  thus 
  making a potential challenging situation no lon-
ger insurmountable.   

    Summary 

 The surgeon is in a unique position to lead fi re and 
burn prevention programs. Their intimate interac-
tions with individuals that have sustained a burn 
injury due to a lack of suffi cient education, failure 
to practice safety maneuvers, or installation of 
safety equipment or early warning devices in the 
home should serve as a catalyst for the surgeon to 
promote fi re and burn safety. During initial inter-
views or upon discharge, the surgeon should rely 
on their assessment skills (or members of the 
Burn Team) to determine whether their patients 
may be returning to an unsafe environment. If 
such a situation is discovered, appropriate social 
contacts and referrals should be made to ensure 
that culturally sensitive needs of the patient and 
their family are met. Finally, the surgeon should 
lead by example and pledge to practice fi re and 
burn safety in their personal lives at all times.      

   Table 23.4    Burn prevention strategies  and educational campaigns   for individuals with disabilities   

 Prevention strategies  Educational topics 

 Identify the nearest emergency exits  Plan and practice escape around abilities 

 Install and maintain smoke alarms  Never leave stove unattended while cooking 

 Have a fi re extinguisher available and learn how to use it  Never leave smoking materials unattended 

 Live near an exit  Educational materials in alternate format 

 Plan and practice an escape plan  Fire sprinkler protection 

 Involve the fi re department 

  Reprinted from Ref. [ 14 ]  with   permission from Elsevier  
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  A 
  Abbreviated Burn Severity Index (ABSI)  ,   2    
  Abdominal compartment syndrome (ACS)  ,   28   ,   67   
  Abdominal scars  ,   162   
  Abuse 

 burn depth  ,   274  
 burn-related child  ,   273  
 caregiver  ,   279  
 characteristics  ,   277  
 child maltreatment  ,   273  
 drug/alcohol  ,   279  
 duration of contact  ,   274  
 faucet mechanism  ,   278  
 inguinal creases  ,   275   ,   276  
 legal authorities  ,   274  
 popliteal areas  ,   276  
 responsibility  ,   273   ,   274  
 thickness of skin  ,   274  
 toddlers  ,   274   ,   278  
 types  ,   273   

  Accidental scald burns  ,   275   
  Acetylcholine receptors  ,   39   
  Acute burn injury 

 bag mask ventilation  ,   43  
 bag valve mask ventilation  ,   39  
 bronchoscopy  ,   38  
 cervical spine precautions  ,   39  
 endotracheal tube  ,   40  
 esophageal intubation  ,   38  
 fi beroptic approach  ,   41  
 intubation  ,   38  
 laryngeal soft tissue  ,   38  
 mask ventilation  ,   40  
 smoke inhalation injury  ,   37  
 supraglottic/infraglottic airway tissues  ,   37  
 surgical airways  ,   42   

  Acute care 
 family members  ,   266  
 mood management  ,   266  
 patient’s mental status  ,   266  
 peer visitors  ,   266  
 Phoenix Society SOAR visitors  ,   266  
 PHQ-9 or 2  ,   265  

 psychosocial needs and considerations  ,   265   
 sleep issues  ,   265   

  Acute respiratory distress syndrome (ARDS)  ,   59    
  Acute stress disorder (ASD)  ,   264    
  Adenosine monophosphate (AMP)  ,   63   
  Airway management 

 Air-Q laryngeal airway  ,   47  
 anesthesia/analgesia  ,   43  
 anxiety and pain  ,   43  
 endotracheal tube  ,   46   ,   47  
 epidural catheter  ,   46  
 fi beroptic intubation  ,   43   ,   47  
 nasal intubation  ,   46  
 Orofacial-cervical postburn scar  ,   37  
 oversedation  ,   45  
 postburn contractures  ,   49   

  Allograft  ,   123   ,   131   ,   133   
  Ambulation  ,   142   ,   143    
  American Association of Poison Control Centers 

(AAPCC)  ,   21   
  American Society of Anesthesiologists (ASA)  ,   43   
  Anabolic agents 

 bedrest and disuse atrophy  ,   81  
 metabolic ramifi cations  ,   81  
 renal replacement  ,   81   

  Anabolism stimulation  ,   79–80   
  Analgesics  ,   231   ,   233    
  Anatomy and physiologic considerations in children  ,   173    
  Androgenic steroids  ,   80    
  Anesthesia  ,   122    
  Anesthetic toxic doses  ,   46   
  ASD   . See  Acute stress disorder (ASD)  
  Assault 

 burns  ,   279  
 scalds  ,   279   

  Atlanto-occipital joint  ,   49   
  Auricular reconstruction  ,   158     

 B 
  Background pain  ,   229   ,   231   ,   233    
  Baux Score  ,   2   
  Beta-blockades  ,   81    
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  Body mass changes  ,   76   
  Breast mound  ,   161–162   
  Breathing 

 fi re and smoke  ,   53  
 inhalation injury  ,   53   

  Brooke formula  ,   65   
  Bruce protocol  ,   146   
  Burn complications 

 child abuse  ,   5  
 diabetics  ,   6   ,   7  
 etiologies  ,   5  
 immunological stress  ,   6  
 infection  ,   6  
 locations  ,   5  
 MDRB  ,   6   
 mortality rate  ,   5  
 MRSA  ,   6   
 NBR database  ,   5   
 perineal and buttock burns  ,   7   
 peripheral neuropathy  ,   7  
 pneumonia  ,   6   
 race  ,   7    
 TBSA  ,   5  
 ventilator  ,   6   
 wounds  ,   6   

  Burn geography  ,   7–8      
  Burn injury  ,   290   ,   291        

 age-related burn prevention  ,   288  
 America Burning  ,   281  
 America Burning Re-commissioned  ,   281  
 application, technology  ,   287   
 characteristics  ,   285  
 community  ,   287  
 cultural, socioeconomic and community resources  ,   287  
 data collection and analysis  ,   286   
 dermis  ,   98  
 disability 

 defi nition  ,   290  
 and educational campaigns  ,   290   ,   291   
 local and national organizations  ,   290  
 safety education  ,   290  
 vision-hearing and mobility impairments  ,   291   

 economic incentive  ,   285  
 emergency response  ,   285  
 enforcement approach  ,   285  
 environmental approach  ,   284   
 epidermis  ,   97   
 epithelium anatomy  ,   98  
 fi broblasts and immune cells  ,   98  
 fi re and burn prevention  ,   285  
 fi re and burn safety awareness  ,   281  
 fi ve Es  ,   284    
 Five-Step Process  ,   283   
 fl uid and leaking serum  ,   99  
 government offi cials  ,   288  
 hypertrophic scarring  ,   99  
 infl uence  ,   281  
 injury prevention program  ,   283   
 keratinocytes  ,   97  
 knowledge of community resources  ,   287  

 melanocytes  ,   98   
 NFA  ,   284  
 NFPA  ,   281  
 older adults  ,   289–290   
 organizational awareness  ,   286  
 past prevention efforts  ,   282    
 present-day efforts  ,   282–283   
 prevention interventions  ,   286  
 safety messages  ,   285  
 school-aged children  ,   289   
 skin and subcutaneous tissue  ,   96–97  
 skin diseases  ,   98  
 smoke alarm and prevention education  ,   287  
 Stop, drop, and roll  ,   285  
 subcutaneous fat  ,   100  
 temperature  ,   288    
 United States and Canada  ,   281  
 weeping and blanches  ,   99   

  Burn mortality  ,   1–2     
  Burn pathophysiology 

 assessment  ,   15  
 body weight-based formula  ,   15  
 hypovolemic shock  ,   16  
 surgical excision  ,   15  
 systemic effects  ,   15   

  Burn prevention, elderly  ,   192   
  Burn reconstruction 

 aesthetics and function  ,   151  
 band post-burn contracture  ,   153  
 immature scars  ,   152  
 local, regional and free fl aps  ,   157  
 post-burn lower eyelid ectropion  ,   153  
 reconstructive procedures  ,   151   

  Burn resuscitation formulas  ,   66   
  Burn shock 

 algorithms  ,   63  
 infl ammation  ,   63  
 pathophysiology  ,   63–64    

  Burn wound depth 
 cellular mediators  ,   30–31     
 clinical determination  ,   26  
 second-degree burns  ,   25  
 skin biology  ,   23   ,   24   
 third-degree burns  ,   26  
 treatment approach  ,   25  
 vasodilation  ,   25   

  Burn-related adult abuse  ,   279   
  Burns  ,   1   ,   73   ,   137   ,   171  

 abdomen/buttocks  ,   117  
 blood fl ow  ,   118  
 care strategies  ,   184  
 in children    (see  Children )  
 donor sites  ,   125  
 epidemiology    (see  Epidemiology of burn injuries )  
 excision and biologic coverage  ,   123   ,   184  
 HTS    (see  Hypertrophic scar (HTS) )  
 hypermetabolism    (see  Hypermetabolism )  
 hypertrophic scarring  ,   117  
 movement of burned areas  ,   141   ,   142  
 primary survey  ,   175   
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 re-epithelialization  ,   117  
 rehabilitation 
 secondary survey  ,   176   ,   178   ,    (see  Rehabilitation )  
 strength and conditioning exercises  ,   143      

 C 
  Calcium oxide (CaO)  ,   207   ,   208   
  Carbon monoxide (CO) toxicity  ,   54     
  Cardiac injuries 

 American Burn Association Guidelines, 2006  , 
  197   ,   198  

 high-voltage injuries  ,   197  
 normal ECGs  ,   197   

  Cement burns  ,   207–208    
  Central line associated blood stream infection (CLABSI) 

 antimicrobial agents  ,   87  
 blood cultures  ,   87  
 central venous catheters  ,   87  
 colony-forming units  ,   87  
 drug delivery  ,   87  
 silver/antibiotic agents  ,   87   

  Central venous catheter infection (CVCI)  ,   87   ,   88   
  Chemical burns  ,   10–11   ,   21   ,   22   ,   201–205                       

 cement burns  ,   207–208   
 facial disfi gurement and permanent ocular damage  ,   201  
 HF    (see  Hydrofl uoric acid (HF) )  
 hydrochloric acid burns  ,   209  
 industrial accidents  ,   201  
 injury mechanisms 

 acid/base and organic/inorganic solution  ,   202    
 oxidants  ,   201  

 lye burns  ,   207  
 management principles 

 airway protection and/or support of respiration  ,   202  
 antidotes and neutralization  ,   203  
 chemical information  ,   203  
 chemical removal  ,   202–203     
 diagnosis of  ,   204  
 eyes, chemical contact  ,   204–205   
 self protection  ,   202   
 supportive care  ,   204   
 systemic toxicity  ,   203–204  

 sulfuric acid burns  ,   208–209   
 white phosphorus burns  ,   209   

  Children 
 beta-adrenergic agonists  ,   173  
 epidemiology and mechanisms  ,   171   
 initial care  ,   174  
 local response  ,   172   
 pediatric burn programs  ,   171  
 physiology  ,   171–174  
 silver-releasing off-the-shelf dressings  ,   182   
 systemic infl ammation  ,   173   

  Classical conditioning  ,   234   ,   236    
  Cocoanut Grove Fire  ,   282   
  Cold injuries 

 frostbite  ,   212–215        
 hypothermia  ,   215–217      
 nonfreezing  ,   211    

  Community reintegration  ,   262   
  Compression therapy  ,   144    
  Consumer Products Safety Commission (CPSC)  ,   283   
  Contact burns  ,   9–10   ,   18       
  Coping behaviors  ,   235   ,   236    
  Corneal ulceration  ,   176   
  CPSC   . See  Consumer Products Safety Commission 

(CPSC)  
  Crystalloids 

 burn resuscitation  ,   66  
 burn shock  ,   66   

  Custom-fabricated pressure garment  ,   144   
  Cutaneous wounds 

 American Burn Association Practice 
Guidelines  ,   197  

 early aggressive debridement  ,   196  
 high-voltage current  ,   196  
 myoglobinemia and AKI  ,   196  
 superfi cial extremity muscles  ,   196   

  CVCI   . See  Central venous catheter infection (CVCI)  
  Cyanide  ,   55     

 D 
  Deeper (fourth-degree) burns  ,   130   
  Dermal regeneration  ,   157   
  Dexmedetomidine  ,   45   
  Dosage  ,   40     

 E 
  Ectropion  ,   158    
  Electrical burn  ,   10  

 fasciotomies  ,   21  
 high-intensity heat  ,   19  
 high-voltage injuries  ,   20  
 ignition  ,   19  
 myoglobinuria  ,   21  
 resistance  ,   21  
 tetanic muscle contractions  ,   20   

  Electrical injuries   . See also  Cardiac injuries 
 description  ,   193  
 edema formation  ,   196  
 escharotomy  ,   195  
 etiologies  ,   193     ( see also   Extremity injuries )  
 high-voltage injury  ,   194   
 hospital admission after  ,   199  
 laboratory and radiologic evaluation  , 

  198–199   
 lightening  ,   194  
 low-voltage injury  ,   194–195    
 myoglobin and hemoglobin  ,   195  
 neurologic complications  ,   198   
 post traumatic stress syndrome  ,   198  
 premature cataract development  ,   198  
 resuscitation  ,   195  
 routine compartment pressure measurements  ,   196  
 wound management  ,   196–197     

  Endotracheal tube  ,   175  
 security  ,   184   
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  Epidemiology of burn injuries  ,   3–5                         
 burn geography  ,   7–8     
 causes 

 burn center care  ,   5     
 cannabis  ,   3   ,   4  
 care  ,   5  
 cooking  ,   3   
 electrical fi res  ,   4  
 estimation  ,   5  
 FBI statistics  ,   4  
 outdoor campfi res  ,   4   
 playing with fi re  ,   4  
 prevent injuries from recreational fi res  ,   4  
 recreational activities  ,   4   
 smoking  ,   3   
 stationary and portable heaters  ,   3  
 vehicle fi res  ,   4  

 complications and patients  ,   5–7        
 exposure  ,   1  
 fatal burn injuries  ,   1   ,   2   
 fi re  ,   1   
 and inhalation  ,   1  
 nonfatal burn injuries  ,   1   ,   2   
 prediction of mortality  ,   1–2    
 types  ,   8–11          
 WISQARS™  ,   1   

  Escharotomies  ,   69   ,   180     
  Etomidate  ,   39   
  Exercise 

 mobilization  ,   79  
 pharmacologic treatments  ,   76   

  Extracorporeal membrane oxygenation (ECMO)  ,   49   
  Extremity compartment syndromes  ,   68   
  Extremity injuries  ,   197     

 F 
  Face burns 

 blood loss  ,   130  
 excision and grafting  ,   131  
 face graft  ,   132  
 harvested scalp skin  ,   132  
 hemostasis  ,   131  
 skin color  ,   130  
 Watson knife  ,   131   

  Fasciotomy  ,   70   ,   180   ,   195    
  Fiberoptic intubation 

 with ventilating patient  ,   47–48   
 without ventilating patient  ,   48    

  Flame and fl ash burns  ,   8–9   ,   16–17    
  Flammable Fabrics Act, 1953  ,   282   
  Flexion contractures  ,   159   
  Fluid resuscitation 

 adult  ,   68  
 burn physiology  ,   180  
 crystalloid  ,   181  
 electrolyte monitoring and control  ,   181  
 evaporative fl uid losses  ,   66   ,   68  
 guidelines  ,   67   
 infusions  ,   181  

 isotonic crystalloid  ,   66  
 maintenance  ,   67–68  
 management  ,   68–70    
 morbidity  ,   182  
 Parkland formula  ,   65  
 pre-burn center hospitals  ,   65  
 volume and rate  ,   182  
 weight-based maintenance  ,   65   

  Fresh frozen plasma (FFP)  ,   66   
  Frostbite  ,   212–215        

 burns  ,   22   ,   23  
 characterization  ,   212  
 management 

 imaging and surgical  ,   215   
 initial and fi eld  ,   212   ,   213  
 non-surgical therapies  ,   213   ,   214   

 numbness and tingling  ,   212  
 tissue damage  ,   212   ,   214   
 treatment  ,   212   

  Full thickness skin graft  ,   155–157     

 G 
  Geriatric population 

 anatomic changes with aging and gradual loss of 
metabolic reserve  ,   189  

 angiogenesis  ,   190  
 burn prevention, elderly  ,   192  
 dermis  ,   190  
 “distal to proximal” extremities  ,   190  
 elderly, typical burns  ,   191   
 forgetfulness  ,   190  
 intrinsic factors  ,   189  
 metabolic stress  ,   191–192    

  Glucocorticoid hormones  ,   74   
  Glycosaminoglycans  ,   24   
  Goulian knife  ,   120     

 H 
  Hand 

 burns 
 dorsal  ,   129   
 hypertrophic scarring  ,   128  
 palmar burns  ,   128  
 toddlers  ,   128  

 fl exion contractures  ,   160  
 principles  ,   160  
 webspace contractures  ,   160   

  Hepatic gluconeogenesis  ,   74   
  HF   . See  Hydrofl uoric acid (HF)  
  High-voltage injury 

 dislocations/fractures  ,   194  
 larger body surface areas  ,   194  
 “Lichtenberg’s fl owers”/“fractals”  ,   194   

  HTS   . See  Hypertrophic scar (HTS)  
  Hydrochloric acid burns  ,   209   
  Hydrofl uoric acid (HF) 

 calcium gluconate gel’s effectiveness  ,   206  
 clinical presentation  ,   205  
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 damages tissue mechanisms  ,   205  
 high and low-risks  ,   206  
 hypocalcaemia, signs of  ,   205  
 inhalation  ,   207  
 inorganic acid  ,   205  
 intra-arterial infusions, calcium 

gluconate  ,   207  
 management algorithm  ,   206   
 subungal HF penetration  ,   207   

  Hydroxocobalamin  ,   55   ,   56   
  Hypermetabolism 

 and catabolism  ,   73   
 effects  ,   74  
 genetic changes  ,   76   
 hormonal changes  ,   73–74   
 metabolic markers  ,   77  
 treatment  ,   76   
 whole-body infl ammation  ,   77   

  Hypertonic lactated saline (HLS)  ,   67   
  Hypertonic saline (HS)  ,   66   
  Hypertrophic scar (HTS)  ,   248–257  

 assessment tools  ,   242–244    
 bone marrow-derived cells  ,   245–246    
 clinical features  ,   239–241    
 contractures, thermal injury  ,   240   ,   242  
 dermal fi broblasts  ,   243   ,   245    
 fi broblast heterogeneity  ,   245   ,   247   
 neck and axilla  ,   254  
 risk factors  ,   239  
 scar formation  ,   239  
 Th 1 /Th 2  immune response  ,   246   
 toll-like receptors, fi broblasts  ,   243  
 treatment    (see  Treatment, HTS )   

  Hypothermia 
 evaluation and management  ,   

216   ,   217   
 laboratory test  ,   216   ,   217   
 physiologic responses  ,   215   ,   216   
 primary and secondary  ,   215   

  Hypoxia  ,   53   ,   54     

 I 
  Infection  ,   85   ,   86   ,   89–91             

 burns  ,   85   ,   88   ,   93      
 invasive infection  ,   86  
 pathophysiology  ,   86  
 symptoms  ,   86  
 wound colonization  ,   85  
 wound infection  ,   86  

 treatment 
 aminoglycosides/polymyxins  ,   90  
 antibiotics  ,   90  
 antimicrobial agents  ,   91  
 empiric therapy  ,   90   
 local antibiograms  ,   89  
 mupirocin  ,   89  
 universal precautions  ,   89  
 vancomycin and linezolid  ,   90  

 urinary tract infection  ,   89   

  Infl ammation 
 burn shock  ,   63  
 evaporative water loss  ,   64   

  Infl ammatory mediators  ,   30   
  Inhalation injury  ,   2   
  Insulin-like growth factor-1 (IGF-1)  ,   80   
  Insulin-like growth factor-1 binding protein-3 

(IGFBP- 3)  ,   80   
  Intensive care unit (ICU)  ,   142  

 ASD  ,   264   
 delirium management  ,   264   ,   265    
 family support  ,   263–264   
 pain, anxiety and delirium management  ,   264  
 patient support  ,   264  
 psychosocial needs and considerations  ,   263    

  Intentional burns  ,   11   ,   275     
  Intentional injury  ,   273     

 K 
  Keratinocytes  ,   23     

 L 
  Lactated Ringer’s (LR) solutions  ,   66   
  Laryngoscope blade selection  ,   40     
  Laser therapy, HTS 

 benefi ts  ,   256  
 energy, power, fl uency and irradiance  ,   255  
 fractional non-ablative  ,   256  
 outcomes  ,   256  
 photothermolysis  ,   255  
 pulsed-dye lasers  ,   255  
 scar remodeling  ,   256  
 surface area  ,   256  
 vaporization  ,   255   

  Lipolysis  ,   74   
  Local effects of burn injury  ,   31   
  Long-term rehabilitation phase  ,   138   
  Lower extremity reconstruction 

 digital contractures  ,   163   
 knee fl exion contractures  ,   162  
 plantar fl exion contractures  ,   163   

  Low-voltage injury 
 electrical short circuit  ,   195  
 non-operative and operative acute management  ,   195  
 nonsteroidal agents  ,   195  
 skin resistance  ,   194  
 ventricular fi brillation  ,   194   

  Lungs  ,   28    
  Lye burns  ,   207     

 M 
  Massive burns  ,   132   ,   133   
  MDR   . See  Multidrug-resistant (MDR)  
  Meshed grafts  ,   127   
  Methicillin-resistant  Staphylococcus aureus  (MRSA)  ,   6    
  Microstomia  ,   158   
  Microvascular injury  ,   172   
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  MODS   . See  Multiple organ dysfunction syndrome 
(MODS)  

  Multidrug-resistant (MDR)  ,   85   
  Multidrug-resistant bacteria outbreaks (MDRB)  ,   6    
  Multiple organ dysfunction syndrome (MODS)  ,   85   
  Myocardial dysfunction  ,   28   ,   29      

 N 
  Nasal reconstruction  ,   158   
  National Action Plan for Child Injury Prevention  ,   283   
  National Burn Repository (NBR) database  ,   5    
  National Fire Academy (NFA)  ,   284   
  National Fire Incident Reporting System (NFIRS)  ,   286   
  National Fire Protection Association (NFPA)  ,   281   
  National Poison Data System (NPDS)  ,   21   
  Necrotizing fasciitis  ,   223   
  Necrotizing soft tissue infection (NSTI) 

 causative microorganisms  ,   223  
 clinical features  ,   224    
  Clostridia   ,   223  
 complications  ,   226  
 defi nition  ,   223  
 development  ,   223  
 diagnosis  ,   225  
 prognosis  ,   226  
 risk factors  ,   224  
  Streptococcus   ,   223  
 treatment  ,   225   ,   226    

  Neglect 
 life threatening  ,   273  
 paraphernalia  ,   278  
 signs  ,   278   

  Neuromuscular blocker agents  ,   40   
  Neuropathic pain  ,   230   ,   233     
  NFIRS   . See  National Fire Incident Reporting System 

(NFIRS)  
  NFPA   . See  National Fire Protection Association (NFPA)  
  Nipple reconstruction  ,   162    
   N -Methyl- d -aspartate (NMDA) receptors  ,   122   
  Nonfreezing cold injury  ,   211    
  Nonsteroidal anti-infl ammatory drugs (NSAID)  ,   167   
  NSTI   . See  Necrotizing soft tissue infection (NSTI)  
  Nutrition 

 calorimetry  ,   78  
 energy expenditur  ,   77  
 formulae  ,   78  
 hypermetabolism  ,   79  
 pictorial description  ,   79  
 protein and carbohydrate  ,   77  
 substrate  ,   78  
 support  ,   77  
 TBSA  ,   77     

 O 
  Obstruction   . See  Airway management  
  Occupational therapy  ,   147   
  Operant conditioning  ,   233–234    
  Opioid weaning protocols  ,   233   ,   234   

  Organ systems  ,   29   
  Outpatient 

 burn team  ,   168–169  
 burn wound care  ,   166–167   
 care of small burns 

 patient selection  ,   183    
 silver-releasing dressings  ,   183  

 selection, care  ,   165–166   
 thermally injured patients  ,   165   

  Oxandrolone  ,   80     

 P 
  Pain assessment tools  ,   230   ,   231     
  Pain control  ,   167   ,   168    
  Pain management  ,   232   ,   234–236                 

 acute pain types  ,   229   ,   230  
 acute, strategies  ,   231–233      
 assessment  ,   230   ,   231    
 fl exibility  ,   236  
 non-pharmacologic therapies 

 classical conditioning  ,   234   
 coping strategies  ,   235   
 distraction modalities  ,   235   ,   236   
 operant conditioning  ,   234  
 principles  ,   235   ,   236    
 procedure pain and sedation escalation  , 

  232   ,   235   
 psychological factor  ,   234  
 time-out passes  ,   235  

 outpatient  ,   233   ,   234  
 trauma types  ,   229   

  Parkland formula  ,   65   ,   66   
  Patient Observer Scar Assessment Scale (POSAS)  ,   145   
  Pediatrics 

 anatomic and physiologic differences  ,   173  
 burn resuscitation endpoints  ,   181   
 critical care capability  ,   184   ,   185   
 fi beroptic intubation  ,   41  
 hypotonic fl uids  ,   173  
 local tumescent anesthesia  ,   49  
 outpatient program  ,   182     

  Perineal webbing  ,   162   
  Peripheral vascular resistance (PVR)  ,   29   
  PF   . See  Purpura fulminans (PF)  
  Physical therapy  ,   137   
  Plastic and reconstructive surgery  ,   151   ,   157   ,   160   
  Pneumonia  ,   58   
  POMC   . See  Proopiomelanocortin (POMC)  
  Postburn contractures  ,   41   ,   42    
  Postburn scar  ,   41   
  Post-traumatic stress disorder (PTSD)  ,   198   ,   264   ,   268   
  Procedural pain 

 management  ,   232   
 opioid analgesics and benzodiazepines  ,   231  
 peri  ,   234  
 principles  ,   235   ,   236     

  Proopiomelanocortin (POMC)  ,   109   
  Pruritus  ,   167   ,   168    
  Psychosocial recovery  ,   265–266  
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 acute care    (see  Acute care )  
 burn survivors, training videos  ,   262  
 early hospitalization  ,   261  
 hospital and clinic setting  ,   261     ( see also   Intensive 

care unit (ICU) )  
 multidisciplinary teams  ,   262  
 Phoenix Society  ,   262  
 psychological distress  ,   262     

( see also   Rehabilitation phase )  
 survivor community resources  ,   262   

  PTSD   . See  Post-traumatic stress disorder (PTSD)  
  Purpura fulminans (PF)  ,   226     
  Pyruvate dehydrogenase activity  ,   74     

 Q 
  Quality Improvement and Process Improvement 

(QI/PI)  ,   169     

 R 
  Ramsay scores  ,   45   
  R-Baux  ,   2   
  Reconstruction  ,   185   
  Reduced cost  ,   166   
  Re-epithelialization 

 epithelial buds  ,   106   ,   107  
 epithelial growth  ,   105  
 keratinocytes  ,   105   ,   106   
 skin adnexa  ,   105   ,   106  
 skin, barrier  ,   105  
 skin, dead layer  ,   105   

  Rehabilitation 
 age-related  ,   146–147  
 early phase  ,   137–138   
 face  ,   146   
 hands  ,   146  
 intermediate phase  ,   138  
 medical and surgical care  ,   137  
 OT/PT  ,   137  
 positioning  ,   138   ,   139   

  Rehabilitation phase 
 body image  ,   267–268    
 emerging needs, reintegration 

phase  ,   267   
 PTSD  ,   268  
 return to school  ,   269  
 return to work  ,   268–269   
 screening tools  ,   267    

  Reintegration  ,   185   
  Remifentanil  ,   45   ,   46   
  Resuscitation   . See  Intensive care unit (ICU)  
  Rule-of-Nine  ,   178   
  Ryan Score  ,   2      

 S 
  Scald burns and injuries  ,   9–10   ,   17   ,   18       
  Scalp reconstruction  ,   157   
  Scar  ,   143  

 band principles  ,   152–153   
 contracture  ,   163  

 functional recovery  ,   138  
 hypertrophy  ,   143  
 plaster/fi berglass material  ,   140  
 principles  ,   152–153   
 tissue integrity  ,   140  

 excision  ,   157   
 hypertrophy 

 compression therapy  ,   144  
 contracture  ,   143  

 massage  ,   144   
  Sepsis 

 antimicrobial therapy  ,   85  
 burns  ,   91    
 pathophysiology  ,   91–92   
 septic shock  ,   91   
 treatment  ,   92–93    

  Sevofl uran  ,   41   
  Sheet graft  ,   128   
  Silicone application  ,   144–145   
  Skin grafts 

 full-thickness skin grafts  ,   124  
 hemostats  ,   124  
 incisional scar  ,   123  
 inguinal region  ,   124  
 maturation  ,   118  
 partial-thickness burn  ,   118  
 phase of imbibition  ,   118  
 preparation  ,   119   ,   120  
 split-thickness grafts  ,   119  
 vascularization phase  ,   118   

  Skin substitutes  ,   134     
  Smoke inhalation injury 

 CO  ,   53  
 fi re-related deaths  ,   53  
 pathophysiology and diagnosis  ,   56   
 prognosis  ,   56  
 types  ,   53   

  Soluble proteins  ,   80    
  Splinting/casting  ,   139–141     
  Split-thickness skin grafts  ,   155  

 dermatome  ,   126  
 harvest  ,   126  
 “Meeks” technique  ,   127  
 palmar surface  ,   129  
 principles and tricks  ,   125  
 re-epithelialization  ,   124  
 roller-pump  ,   125  
 sheet grafts  ,   128  
 strategies  ,   124  
 surgical residents  ,   126  
 types  ,   126  
 “U” pattern  ,   132   

  Substrate metabolism  ,   74   ,   75    
  Succinylcholine  ,   39   
  Sulfuric acid burns  ,   208–209    
  Systemic effects of burn injury  ,   26–28       

 edema 
 acute burn injury  ,   26–28   
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 Systemic effects of burn injury ( cont. ) 
 muscle  ,   27–28   
 non-burned tissue  ,   27    

  Systemic vascular resistance (SVR)  ,   29     

 T 
  TCA cycle  ,   75   
  Telemedicine  ,   168   
  TENS/SJS   . See  Toxic epidermal necrolysis and Stevens 

Johnson Syndrome (TENS/SJS)  
  Total body surface area (TBSA)  ,   2   ,   5   ,   37   ,   75   ,   117   
  Toxic epidermal necrolysis and Stevens Johnson 

Syndrome (TENS/SJS) 
 blistering and sloughing  ,   220   ,   221  
 complications and prognosis  ,   222   ,   223      
 defi nition  ,   219  
 diagnosis  ,   221  
 etiology and pathogenesis  ,   220   
 fever, lethargy and myalgia  ,   220  
 gastrointestinal tracts  ,   220  
 immune therapies  ,   222   
 intravenous immunoglobulin  ,   222  
 Nikolsky’s sign  ,   220   ,   221   
 plasmapheresis  ,   222  
 supportive care  ,   221  
 target lesions and blisters  ,   220   
 wound management  ,   221   

  Toxic gases  ,   55   
  Transitions of care  ,   169   

 chronic obstructive pulmonary disease  ,   56  
 COHb toxicity  ,   57  
 intubation  ,   57   
 ventilator strategies  ,   57–58    

  Treatment, HTS  ,   249–252   ,   255           
 laser therapy    (see  Laser therapy, HTS )  
 microvascular free fl aps  ,   253   ,   257   
 non-operative, post-burn injury  ,   248   ,   249   
 novel therapies  ,   248  
 prevention, abnormal scarring  ,   248  
 soft tissue expansion  ,   251–253    
 surgical management and burn contractures 

 graft and donor sites  ,   251  
 methods  ,   251  
 operative approach  ,   249   ,   250  
 outcomes  ,   251  
 patient care  ,   250  
 principle  ,   251  
 z-plasty functions  ,   251   ,   252    

  Treatment of inhalation injury  
  The Treatment of Severe Thermal Injury  ,   282     

 U 
  Upper extremity reconstruction 

 approach  ,   159  
 axillary contractures  ,   159   ,   160  
 elbow fl exion contractures  ,   160     

 V 
  Vancouver Burn Scar Scale (VBSS)  ,   145   
  Venous access  ,   64–65     
  Ventilator-Associated Pneumonia (VAP) 

 bronchoalveolar lavage  ,   86   ,   87  
 burns  ,   86  
 nosocomial infection  ,   86  
 tracheal aspirate  ,   87   

  Very low-density lipoprotein (VLDL) 
complexes  ,   75   

  “V-shaped” pattern  ,   275     

 W 
  Watson knife  ,   120   
  Web-based Injury Statistics Query and Reporting System 

(WISQARS™)  ,   1   
  White phosphorus burns  ,   209   
  World Health Organization Oral Resuscitation Formula 

(WHO ORS)  ,   182   
  Wound healing  ,   101–105   ,   107–109   ,   

112–114                                         
 burns  ,   95  
 diabetes  ,   110  
 hypertrophic scarring  ,   95  
 impair tissue repair  ,   110  
 macrovascular disease  ,   110  
 pigmentation 

 burn injury  ,   108  
 epidermis  ,   108  
 hair melanocytes  ,   109  
 keratinocytes  ,   108  
 melanin  ,   109   
 melanocytes  ,   109  
 melanosomes  ,   109  

 plantar ulcers  ,   111  
 pseudomonas aeruginosa  ,   110  
 scald burn  ,   96  
 scar formation  ,   95  

 angiogenesis  ,   103   
 diapedesis  ,   102  
 granulation tissue  ,   104   ,   105  
 infl ammatory phase  ,   101   
 lathyrism  ,   103  
 lipopolysaccharide  ,   102  
 local blood supply  ,   102  
 lysyl oxidase  ,   103  
 maturation phase  ,   101   ,   104  
 proliferative phase  ,   101   ,   102   
 sentinel  ,   102  
 vasculogenesis  ,   104  

 skin adnexa  ,   110  
 topical agents 

 acetic acid  ,   113  
 bacitracin and antimicrobial 

ointments  ,   112   
 biologic dressings  ,   113–114   
 bismuth dressing (Xeroform)  ,   112  
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 bleach products  ,   113   
 mafenide acetate  ,   112–113  
 silver products  ,   113  

 wound contraction 
 myofi broblasts  ,   107   
 scald burn  ,   108  
 shrinking scar  ,   108  
 stretching  ,   108   

  Wound management   . See  Cutaneous wounds  
  Wound size and depth  ,   178      

 Z 
   Zone of coagulation   ,   24    
   Zone of hyperemia   ,   24   ,   25   
  Z-plasty  ,   154   ,   155         
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