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      Thrombocytopenia is the most common hemostatic 
disorder in critically ill patients  1  ; 14% to 44% of 

these patients develop thrombocytopenia during their 
ICU stay.  2-7   The cause of thrombocytopenia is often 
multifactorial and may be attributed to enhanced plate-

let consumption, reduced platelet production, or 
hemodilution.  8   Most patients are exposed to heparin 
during their ICU stay, and heparin-induced throm-
bocytopenia (HIT) is often suspected, although rarely 
proven.  2,9,10   Critically ill patients receive other drugs, 

  Background:    Thrombocytopenia is the most common hemostatic disorder in critically ill patients. 
The objective of this study was to describe the incidence  , risk factors, and outcomes of thrombo-
cytopenia in patients admitted to medical-surgical ICUs. 
  Methods:    Three thousand seven hundred forty-six patients in 67 centers were enrolled in a ran-
domized trial in which unfractionated heparin was compared with low-molecular-weight heparin 
(LMWH) for thromboprophylaxis. Patients who had baseline platelet counts  ,  75  3  10 9 /L or severe 
coagulopathy at screening were excluded. We analyzed the risk of developing mild (100-149  3  10 9 /L), 
moderate (50-99  3  10 9 /L), and severe ( ,  50  3  10 9 /L) thrombocytopenia during an ICU stay. We also 
assessed independent and time-varying predictors of thrombocytopenia and the effect of throm-
bocytopenia on major bleeding, transfusions, and death. 
  Results:    The incidences of mild, moderate, and severe thrombocytopenia were 15.3%, 5.1%, and 
1.6%, respectively. The predictors of each category of thrombocytopenia were APACHE (Acute 
Physiology and Chronic Health Evaluation) II score, use of inotropes or vasopressors, and renal 
replacement therapy. The risk of moderate thrombocytopenia was lower in patients who received 
LMWH thromboprophylaxis but higher in surgical patients and in patients who had liver disease. 
Each category of thrombocytopenia was associated with subsequent bleeding and transfusions. 
Moderate and severe thrombocytopenia were associated with increased ICU and hospital mortality. 
  Conclusion:    A high severity of illness, prior surgery, use of inotropes or vasopressors, renal replace-
ment therapy, and liver dysfunction are associated with a higher risk of thrombocytopenia devel-
oping in the ICU, whereas LMWH thromboprophylaxis is associated with a lower risk. Patients who 
develop thrombocytopenia in the ICU are more likely to bleed, receive transfusions, and die. 
  Trial registry:    ClinicalTrials.gov; No.: NCT00182143; URL: www.clinicaltrials.gov 
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bocytopenia. In   a systematic review of observational 
studies, one study carefully assessed major bleeding, 
and it found no association with thrombocytopenia.  13   
However, most studies that have evaluated the effect 
of thrombocytopenia on the transfusion of blood prod-
ucts did not adequately adjust for disease severity.  13   

 The objectives of this study were to measure the 
incidence of thrombocytopenia, determine baseline 
and time-dependent risk factors for the development 
of thrombocytopenia, and estimate the relation between 
thrombocytopenia and subsequent major bleeding, 
transfusion of blood products, length of ICU stay, and 
ICU mortality in a large cohort of medical-surgical crit-
ically ill patients. 

 Materials and Methods 

 This study was an a priori analysis based on the Prophylaxis for 
Thromboembolism in Critical Care Trial (PROTECT) database.  9   
PROTECT was a multinational, concealed, stratifi ed, randomized, 
and blinded trial that enrolled medical-surgical critically ill patients 
to compare unfractionated heparin (UFH) with low-molecular-
weight heparin (LMWH) dalteparin to prevent proximal lower-
limb DVT.  9   Patients enrolled in PROTECT were  �  18 years old, 
weighed  �  45 kg, and had an expected ICU stay of  �  72 h. Reasons 
for exclusion were major hemorrhage in the previous week; an 
admission diagnosis of neurosurgery, trauma, orthopedic surgery, 
or uncontrolled hypertension; ischemic stroke or intracranial hem-
orrhage in the preceding 3 months; pregnancy; history of HIT; con-
traindications to blood products; and palliative care or limitation 
of life support. Patients who had platelet counts  ,  75  3  10 9 /L or 
severe coagulopathy (international normalized ratio or activated 
partial thromboplastin time greater than or equal to two times the 
upper limit of normal) at the time of screening were excluded from 
the current study. Patients could have received therapeutic anti-
coagulation or no thromboprophylaxis after randomization if it was 
required by their medical condition. We collected demographic and 
baseline clinical information, including age, APACHE II score,  18   
admission diagnosis, and comorbid conditions. Data collected 
daily included CBC counts; administration of blood products (red 
cells, platelets, plasma, and cryoprecipitate); specifi c interventions 
(mechanical ventilation, inotropes or vasopressors, renal replace-
ment therapy, and surgeries); incident DVT and pulmonary embo-
lism; and receipt of antiplatelet agents, anticoagulants, stress ulcer 
prophylaxis agents, and nonsteroidal antiinfl ammatory agents.  

 Major bleeding was evaluated daily and was defi ned as hemor-
rhage occurring at a critical site (eg, intracranial hemorrhage) that 
led to an invasive therapeutic intervention (eg, surgery), caused 
hemodynamic compromise, required transfusion of at least 2 units 
of red cells, or caused death.  19   Bleeding was considered minor if 
it was overt but did not meet the criteria for major bleeding. Two 
independent, blinded investigators adjudicated bleeding events 
using a validated tool  9   and found excellent agreement.  20    

 Patients were evaluated for HIT with the serotonin release assay 
(SRA) if their platelet count decreased to  �  50  3  10 9 /L, if there 
was an otherwise unexplained platelet count decrease to  �  50% of 
the patient’s baseline (defi ned as the fi rst platelet count after enroll-
ment as long as the count was  .  100  3  10 9 /L), if they developed a 
symptomatic or asymptomatic thrombotic event, or if HIT was 
otherwise clinically suspected. 

 To be included in this study of thrombocytopenia in critical 
illness, the patients must have had a platelet count measured on the 
day of enrollment and at least one platelet count after enrollment 

such as antibiotics, histamine receptor-2 antagonists, 
and antiplatelet agents, which have also been associated 
with thrombocytopenia.  4,11,12   Additional factors that 
have been associated with the development of throm-
bocytopenia in studies of critically ill patients include 
higher APACHE (Acute Physiology and Chronic Health 
Evaluation) II score, sepsis, and use of dialysis, ino-
tropes, or vasopressors.  13   However, the studies of these 
risk factors have not been large enough to determine 
independent associations with severe thrombocyto-
penia after adjustment for other baseline and time-
dependent variables that affect critically ill patients.  2,13   

 Thrombocytopenia alters patient management and 
can prohibit invasive interventions.  14   Thrombocytopenia 
may also require specifi c treatments such as platelet 
transfusions and alternate approaches to thrombopro-
phylaxis and anticoagulation.  15,16   Several studies have 
evaluated the impact of any (platelet count  ,  150  3  10 9 /L) 
and severe (platelet count  ,  50  3  10 9 /L) thrombocy-
topenia on clinical outcomes.  4,5,7,13,17   In general, lower 
platelet counts have been associated with increased 
length of stay, need for transfusion of blood products, and 
increased mortality (ICU and hospital).  13   Physicians are 
concerned about major bleeding in patients with throm-
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Hazard ratios (HRs) are presented with 95% CIs. Because HIT is 
strongly and systematically associated with thrombocytopenia, and 
the outcomes of HIT-associated thrombocytopenia may differ from 
those of non-HIT-associated thrombocytopenia, we conducted a 
sensitivity analysis of the study outcomes excluding patients who 
had positive SRA tests. Because bleeding and transfusions may be 
linked events, we also added major bleeding in a separate analysis 
of the association between thrombocytopenia and transfusions. 

 Results 

 The PROTECT trial enrolled 3,746 patients between 
May 2006 and June 2010. A total of 3,721 patients had 
a least one platelet count measured beyond the base-
line value during the study. The mean age of these 
patients was 61.4 (SD, 16.5) years, and 56.7% were men. 
The most common admitting diagnoses were respira-
tory diseases (45.6%), sepsis (14.8%), and GI diseases 
(14.0%) ( Table 1  ). 

 In total, 952 patients of the 3,639 (26.2%) who 
had a platelet count measured on the day of enroll-
ment had a platelet count  ,  150  3  10 9 /L. Subsequent 
to enrollment, mild, moderate, and severe thrombo-
cytopenia developed in 417 (15.3%; 95% CI, 14.0-16.7), 
140 (5.1%; 95% CI, 4.4-6.0), and 44 (1.6%; 95% CI, 
1.2-2.2) patients, respectively ( Table 2  ). 

 APACHE II score (HR, 1.60; 95% CI, 1.29-1.97 per 
10-point increase), receipt of inotropes or vasopressors 
in the preceding 3 days (HR, 3.32; 95% CI, 2.24-4.91), 
and renal replacement therapy in the preceding 3 days 
(HR, 3.62; 95% CI, 2.49-5.27) were associated with 
the development of severe thrombocytopenia ( Table 3  ). 
Antiplatelet agents in the preceding 3 days were asso-
ciated with a decreased risk of severe thrombocyto-
penia (HR, 0.60; 95% CI, 0.40-0.91). APACHE II score 
(HR, 1.51; 95% CI, 1.30-1.75 per 10-point increase), 

but during their ICU stay. We defi ned three categories of throm-
bocytopenia according to the lowest platelet count during the 
ICU stay: mild (100-149  3  10 9 /L), moderate (50-99  3  10 9 /L), and 
severe ( ,  50  3  10 9 /L). We classifi ed each category of thrombocy-
topenia as incident if the platelet count was above one of these 
three defi ned thresholds on the day of enrollment and subsequently 
decreased to one of the categories previously defi ned at any time 
during the ICU stay. For example, a patient whose lowest platelet 
value was 75  3  10 9 /L on days 1 to 5 was categorized as having mod-
erate thrombocytopenia. However, if the patient had a platelet 
value of 45  3  10 9 /L on day 6, he or she was considered to have severe 
thrombocytopenia from that day forward. For the survival analysis, 
we stratifi ed patients according to their lowest platelet count. Each 
patient who developed thrombocytopenia contributed data to only 
one model, and patients who did not develop thrombocytopenia 
contributed data to every model. 

 We evaluated 15 predictors of mild, moderate, and severe inci-
dent thrombocytopenia based on prior reports, scientifi c plausibility, 
and availability in the dataset.  13   We included only incident cases 
per each category in the risk factor analysis. For example, a patient 
with a platelet count of 120  3  10 9 /L on enrollment was not eligible 
to be in the risk factor analysis of incident mild thrombocytopenia 
(100-149  3  10 9 /L). However, this patient would be included in the 
risk factor analysis for the moderate category and could become 
an incident case if the platelet counts dropped into the moderate 
category (50-99  3  10 9 /L). In the moderate thrombocytopenia anal-
ysis, we excluded patients who had severe thrombocytopenia (plate-
lets  ,  50  3  10 9 /L at any point during their ICU stay). In the mild 
thrombocytopenia analysis, we excluded patients who had mod-
erate or severe thrombocytopenia (platelets  ,  100  3  10 9 /L at any 
point during their ICU stay). The following baseline demographic 
variables were evaluated: APACHE II score, medical vs surgical 
admitting diagnosis, dialysis-dependent end-stage renal disease, 
sepsis, liver dysfunction (hepatic failure or cirrhosis), and docu-
mented cancer (lymphoma, metastatic cancer, leukemia, multiple 
myeloma, active malignancy, or history of malignancy). We also 
evaluated the following time-dependent factors in the preceding 
3 days: use of inotropes or vasopressors, any dialysis, aspirin or 
thienopyridines (ticlopidine or clopidogrel), stress ulcer prophylaxis 
(histamine receptor-2 antagonists or proton-pump inhibitors), pro-
phylactic LMWH, prophylactic UFH, and therapeutic heparin; a 
new diagnosis of HIT during ICU stay; and incident DVT or pul-
monary embolism. Patients with missing predictors were excluded 
from the risk factor analysis. The protocol and consent forms were 
approved by each center’s research ethics board (e-Table 1). 

 Statistical Analysis 

 Continuous data are presented as means and SDs or medians 
and 25th and 75th percentiles according to distribution. Continuous 
data were compared using the Wilcoxon rank sum test and the 
Kruskal-Wallis test for nonnormally distributed data. Dichotomous 
and categorical data are presented as proportions and were com-
pared using the Fisher exact test. Prevalence and incidence are 
reported with 95% CIs. Risk factors for mild, moderate, and severe 
thrombocytopenia were identifi ed using multivariable time-to-
event analysis (Cox regression). To adjust for multiple testing, only 
risk factors that had a strong association ( P   ,  .01) were consid-
ered signifi cant. 

 We examined the effect of thrombocytopenia on subsequent 
major bleeding, transfusion of blood products, and mortality using 
adjusted analyses, in which thrombocytopenia was treated as a 
time-dependent covariate. The outcomes for these Cox regressions 
were time to fi rst major or all bleeds, time to fi rst transfusion, and 
time to death. These analyses were adjusted for age, APACHE II 
score, use of mechanical ventilation (invasive or noninvasive) at 
study entry, and use of inotropes or vasopressors at study entry. 

 Table 1— Baseline Demographics  

Demographic    
All Patients 
(N  5  3,721)

Incident Thrombocytopenia 
( ,  150  3  10 9 /L) (n  5  601)

Female 1,611 (43.3) 254 (42.3)
Age, mean (SD), y 61.4 (16.5) 63.6 (15.8)
APACHE II score, 

 mean (SD)
21.5 (7.8) 23.3 (7.6)

Medical admission 3,025 (81.3) 503 (83.7)
Admission diagnosis
 Cardiovascular 336 (9.0) 61 (10.1)
 Respiratory 1,697 (45.6) 251 (41.8)
 GI 520 (14.0) 82 (13.6)
 Renal 65 (1.7) 13 (2.2)
 Neurologic 227 (6.1) 34 (5.7)
 Sepsis 549 (14.8) 113 (18.8)
 Metabolic 144 (3.9) 23 (3.8)
 Other (medical) 65 (1.7) 8 (1.3)
 Other (surgical) 118 (3.2) 16 (2.7)

Data are given as No. (%) unless otherwise indicated. Table includes 
all patients with a least one platelet count after baseline and patients 
who had incident thrombocytopenia. APACHE  5  Acute Physiology and 
Chronic Health Evaluation.
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ulcer prophylaxis, aspirin  , or thienopyridines and an 
increased risk of thrombocytopenia of any severity. 

 When compared with patients who maintained plate-
let counts  .  150  3  10 9 /L throughout their ICU stay, 
and after adjustment for age, APACHE II score, base-
line use of mechanical ventilation, and inotropes or 
vasopressors, patients who developed severe throm-
bocytopenia had a signifi cantly increased risk of any 
subsequent bleeding (HR, 2.57; 95% CI, 1.76-3.75) 
and major bleeding (HR, 3.54; 95% CI, 2.09-5.99), a 
signifi cantly increased risk of any blood product trans-
fusion (red cells [HR, 3.42; 95% CI, 2.53-4.63], plate-
lets [HR, 230.71; 95% CI, 104.78-508.00], plasma 
[HR, 5.07; 95% CI, 3.00-8.57], and cryoprecipitate 
[HR, 66.66; 95% CI, 12.96-342.87]) and a signifi cantly 
greater risk of death in the ICU (HR, 2.75; 95% CI, 
2.11-3.60) and in hospital (HR, 2.78; 95% CI, 2.20-3.53) 
( Table 4  ). In patients who received any transfusion of 
allogeneic blood products, severe thrombocytopenia 
was associated with transfusion of a greater number 
of units of red cells (median, 5 [25th-75th percentile, 
2-12] vs median, 2 [25th-75th percentile, 1-3]) and 
units of plasma (median, 6 [25th-75th percentile, 4-11] 
vs median, 2 [25th-75th percentile, 2-4]) compared 
with patients who did not develop thrombocytope-
nia. Patients who developed severe thrombocytopenia 
had an increased length of stay in the ICU (17 days 
[25th-75th percentile, 10-30 days] vs 8 days [25th-75th 

receipt of inotropes or vasopressors (HR, 2.85; 95% CI, 
2.20-3.68), and renal replacement therapy (HR, 2.14; 
95% CI, 1.56-2.94) were similarly associated with the 
development of moderate thrombocytopenia, as were 
a surgical admitting diagnosis (HR, 1.48; 95% CI, 
1.11-1.97), a history of liver dysfunction (HR, 3.21; 
95% CI, 1.97-5.20), and development of HIT (HR, 
10.81; 95%, CI 3.94-29.69). Prophylactic LMWH (com-
pared with UFH or no thromboprophylaxis) adminis-
tration in the preceding 3 days was associated with a 
lower risk of moderate thrombocytopenia (HR, 0.62; 
95% CI, 0.47-0.84). Mild thrombocytopenia was not 
associated with any additional predictors of thrombo-
cytopenia; furthermore, sepsis, liver dysfunction, sur-
gical admission, and LMWH administration were not 
associated with mild thrombocytopenia ( Table 3 ). In 
addition, there was no association between stress-

 Table 2— Incidence of Thrombocytopenia During 
ICU Stay (n  5  2,725)  

Thrombocytopenia Category (Platelets) Incidence, No. (%, 95% CI)

None ( �  150  3  10 9 /L) 2,124 (77.9, 76.3-79.5)
Mild (100-149  3  10 9 /L) 417 (15.3, 14.0-16.7)
Moderate (50-99  3  10 9 /L) 140 (5.1, 4.4-6.0)
Severe ( ,  50  3  10 9 /L) 44 (1.6, 1.2-2.2)

Table includes patients whose platelet count was  �  150  3  10 9 /L on 
day 1 and with platelet data on day 2 or later. The most severe throm-
bocytopenia during the ICU stay is reported.

 Table 3— Risk Factors for Mild, Moderate, and Severe Thrombocytopenia That Develops in ICU  

Baseline Characteristics

Hazard Ratio (95% CI)

Mild Thrombocytopenia 
(n  5  2,539 and 417 events)

Moderate Thrombocytopenia 
(n  5  3,315 and 296 events)

Severe Thrombocytopenia 
(n  5  3,649 and 145 events)

Baseline factors
 APACHE II (per 10-point increase) 1.20 (1.06-1.37) 1.51 (1.30-1.75) 1.60 (1.29-1.97)
 Surgical admission 1.13 (0.86-1.48) 1.48 (1.11-1.97) 1.38 (0.92-2.09)
 End-stage renal disease 0.79 (0.47-1.31) 0.52 (0.27-1.03) 0.59 (0.28-1.25)
 Sepsis 1.28 (0.99-1.66) 1.18 (0.87-1.61) 1.28 (0.85-1.94)
 Liver dysfunction 1.35 (0.64-2.86) 3.21 (1.97-5.20) 1.65 (0.77-3.54)
 Cancer 1.24 (0.91-1.67) 1.19 (0.84-1.69) 1.50 (0.94-2.40)
Time-dependent factors
 Inotropes/vasopressors 1.64 (1.34-2.01) 2.85 (2.20-3.68) 3.32 (2.24-4.91)
 Any dialysis 2.70 (2.01-3.63) 2.14 (1.56-2.94) 3.62 (2.49-5.27)
 SRA-positive HIT 10.56 (2.48-45.01) 10.81 (3.94-29.69) 2.40 (0.57-10.11)
 Any DVT or PE  a  0.83 (0.44-1.57) 1.08 (0.60-1.97) 1.91 (1.01-3.63)
 Antiplatelet agents  b  0.94 (0.75-1.17) 0.86 (0.66-1.12) 0.60 (0.40-0.91)
 Stress ulcer prophylaxis 0.80 (0.60-1.07) 0.72 (0.51-1.01) 1.08 (0.58-2.00)
 Prophylactic LMWH 1.00 (0.79-1.26) 0.62 (0.47-0.84) 0.70 (0.45-1.07)
 Prophylactic UFH 0.90 (0.68-1.17) 0.74 (0.53-1.02) 0.80 (0.50-1.27)
 Therapeutic heparin 1.20 (0.56-2.57) 0.54 (0.17-1.75) 0.66 (0.16-2.78)

In the mild thrombocytopenia analysis, patients with platelets 100 to 149  3  10 9 /L on d 2 or later were included, and patients with severe or moderate 
thrombocytopenia (platelets  ,  100  3  10 9 /L at any point during their ICU stay) were excluded. In the moderate thrombocytopenia analysis, patients 
with platelets 50 to 99  3  10 9 /L on d 2 or later were included, and patients with severe thrombocytopenia (platelets  ,  50  3  10 9 /L at any point during 
their ICU stay) were excluded. In the severe thrombocytopenia analysis, patients with platelets  ,  50  3  10 9 /L on d 2 or later were included. 
HIT  5  heparin-induced thrombocytopenia; LMWH  5  low-molecular-weight heparin; PE  5  pulmonary embolism; SRA  5  serotonin release assay; 
UFH  5  unfractionated heparin. See Table 1 legend for expansion of other abbreviation.
 a Time-dependent factors in the preceding 3 d, except for SRA positivity and any DVT or PE that was on the same day or earlier.
 b Antiplatelet agents include acetylsalicylic acid or thienopyridine (ticlopidine or clopidogrel).
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tile, 2-7] vs 2 [25th-75th percentile, 2-4]) compared 
with patients without thrombocytopenia. Moderate 
thrombocytopenia was also associated with increased 
ICU (HR, 1.60; 95% CI, 1.28-2.00) and hospital (HR, 
1.62; 95% CI, 1.35-1.94) mortality. Length of stay in 
the ICU (11 days [25th-75th percentile, 7-21 days] 
vs 8 days [25th-75th percentile, 5-14 days]) and hospi-
tal (25 days [25th-75th percentile, 14-50 days] vs 20 days 
[25th-75th percentile, 12-36 days]) was greater in 
patients who developed moderate thrombocytopenia 
compared with those who did not develop thrombo-
cytopenia ( Table 5 ). 

 Mild thrombocytopenia was associated with an 
increase in major or any bleeding, blood product trans-
fusions, and length of stay ( Table 4 ). However, there 
was no association between mild thrombocytopenia 
and ICU or hospital mortality compared with patients 
who did not develop thrombocytopenia.  Figure 1   shows 
Kaplan-Meier curves for the different levels of throm-
bocytopenia categories. In a sensitivity analysis that 
excluded patients who had positive SRA tests (n  5  17), 

percentile, 5-14 days]) and in hospital (31 days [25th-
75th percentile, 15-50 days] vs 20 days [25th-75th per-
centile, 12-36 days]) ( Table 5  ). 

 After adjustment for age, APACHE II score, baseline 
mechanical ventilation, and baseline use of inotropes 
or vasopressors, patients who developed moderate 
thrombocytopenia were more likely to experience any 
subsequent bleeding (HR, 2.05; 95% CI, 1.61-2.63) 
or major bleeding (HR, 3.52; 95% CI, 2.47-5.04) 
( Table 4 ) compared with patients who did not develop 
thrombocytopenia. They were also more likely to be 
transfused with red cells (HR, 1.91; 95% CI, 1.62-2.25), 
platelets (HR, 30.26; 95% CI, 14.02-65.32), plasma 
(HR, 3.89; 95% CI, 2.86-5.28), or cryoprecipitate (HR, 
10.58; 95% CI, 1.98-56.37). Adding major bleeding 
to the transfusion analyses did not signifi cantly modify 
the HRs. In patients who received any transfusion of 
allogeneic blood products, those who developed mod-
erate thrombocytopenia received more units of red cells 
(3 [25th-75th percentile, 2-7] vs 2 [25th-75th percen-
tile, 1-3]) and units of plasma (4 [25th-75th percen-

 Table 4— Clinical Outcomes in Patients Who Developed Mild, Moderate, and Severe ICU-Acquired Thrombocytopenia  

Outcome  

Mild TCP vs No TCP Moderate TCP vs No TCP Severe TCP vs No TCP

Adjusted HR (95% CI) a 

Adjusted 
 P  Value Adjusted HR (95% CI) a 

Adjusted 
 P  Value Adjusted HR (95% CI) a 

Adjusted 
 P  Value

Major bleeding 1.96 (1.38-2.78)  ,  .001 3.52 (2.47-5.04)  ,  .001 3.54 (2.09-5.99)  ,  .001
Any bleeding 1.50 (1.21-1.86)  ,  .001 2.05 (1.61-2.63)  ,  .001 2.57 (1.76-3.75)  ,  .001
RBC transfusion 1.43 (1.25-1.63)  ,  .001 1.91 (1.62-2.25)  ,  .001 3.42 (2.53-4.63)  ,  .001
Platelet transfusion 4.79 (2.00-11.45)  ,  .001 30.26 (14.02-65.32)  ,  .001 230.71 (104.78-508.00)  ,  .001
Frozen plasma transfusion 1.98 (1.48-2.65)  ,  .001 3.89 (2.86-5.28)  ,  .001 5.07 (3.00-8.57)  ,  .001
Cryoprecipitate transfusion 9.83 (2.07-46.72) .004 10.58 (1.98-56.37) .006 66.66 (12.96-342.87)  ,  .001
ICU mortality 1.09 (0.88-1.34) .449 1.60 (1.28-2.00)  ,  .001 2.75 (2.11-3.60)  ,  .001
Hospital mortality 1.03 (0.86-1.22) .767 1.62 (1.35-1.94)  ,  .001 2.78 (2.20-3.53)  ,  .001

The outcomes for the Cox regressions are time to fi rst transfusion and time to fi rst bleed. A patient’s thrombocytopenia categorization can change 
throughout his or her ICU stay and this was taken into account in the Cox regressions. HR  5  hazard ratio; TCP  5  thrombocytopenia. See Table 1 
legend for expansion of other abbreviation.
 a Adjusted for age, APACHE II score, baseline mechanical ventilation, and inotropes or vasopressors in Cox regression  .

 Table 5— Transfusion of Blood Products and Duration of Mechanical Ventilation and Hospital and ICU Stay Stratifi ed 
by Lowest Platelet Count During ICU stay  

Outcome

Most Severe Thrombocytopenia Throughout Entire ICU Stay

Mild   (100 to 
 ,  150  3  10 9 /L) 

(n  5  914)

Moderate (50 to 
 ,  100  3  10 9 /L) 

(n  5  488)
Severe ( ,  50  3  10 9 /L) 

(n  5  151)
None ( �  150  3  10 9 /L) 

(n  5  2,168)
Unadjusted 

 P  Value  a  

Units of RBCs transfused (ever)  b   2 (1-5) 3 (2-7) 5 (2-12) 2 (1-3)  ,  .001
Unit of platelets transfused (ever)  b  3.5 (1-5) 5 (2-6) 5 (2-11) 1.5 (1-3.5) .065
Units of frozen plasma transfused (ever)  b  3 (2-4) 4 (2-7) 6 (4-11) 2 (2-4)  ,  .001
Units of cryoprecipitate transfused (ever)  b  8 (5-10) 5 (4-6) 10 (2-10) 8 (8-8)  c  .834
Duration of invasive mechanical ventilation, d 6 (3-12) 7 (3-16) 14 (7-26) 4 (2-9)  ,  .001
Duration of ICU stay, d 10 (6-17) 11 (7-21) 17 (10-30) 8 (5-14)  ,  .001
Duration of hospital stay, d 23 (14-44) 25 (14-50) 31 (15-50) 20 (12-36)  ,  .001

Data are presented as median (interquartile range).
 a Kruskal-Wallis test.
 b The number of transfused products are among those patients who had transfusions.
 c One patient only.
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 Thromboprophylaxis with LMWH was the only 
modifi able factor associated with a decreased risk of 
moderate thrombocytopenia. This fi nding was also 
suggested in a meta-analysis of 7,287 medical and sur-
gical patients in which LMWH was associated with a 
trend toward a lower odds of thrombocytopenia in 
comparison with UFH (OR, 0.47; 95% CI, 0.22-1.02; 
 P   5  .06).  23   Antiplatelet agents were the only factor 
asso ciated with a decreased risk of severe throm-
bocytopenia. This fi nding could be secondary to indi-
cation bias, preemptive discontinuation of antiplatelet 
agents in patients with worsening thrombocytopenia, 
or a true protective effect of antiplatelet agents. One 
study in patients undergoing angioplasty reported a 
protective effect of aspirin use for the development 
of thrombo cytopenia.  24   

 In contrast to other studies, we did not confi rm an 
association between either stress-ulcer prophylaxis or 
antiplatelet agents and thrombocytopenia.  12   Differ-
ences in patient populations and individual predictors 
included in risk factor analyses between the current 
and previous studies may account for this difference 
in fi ndings. A causal relation between these drug classes 
and thrombocytopenia cannot be excluded completely, 
although previously identifi ed associations may be have 
been due to unmeasured confounders (eg, severity of 
illness, comorbid conditions, age, sex, and admission 
diagnosis). 

all associations with outcomes identifi ed previously 
remained signifi cantly associated with mild, moderate, 
and severe thrombocytopenia, including the lower risk 
of moderate thrombocytopenia observed with LMWH 
(HR, 0.63; 95% CI, 0.47-0.84). 

 Discussion 

 In this study, we found that the prevalence of throm-
bocytopenia was 26.2%. In addition, the incidences 
of mild (platelet count  ,  100  3  10 9 /L), moderate 
(50-99  3  10 9 /L), and severe ( ,  50  3  109/L) thrombocy-
topenia in the ICU were 15.3%, 5.1%, and 1.6%, respec-
tively. Similar studies of patients in a medical-surgical 
ICU have reported a prevalence of thrombocytopenia 
(plate let count  ,  150  3  10 9 /L) of 23.7% to 44.0% and 
an incidence of thrombocytopenia of 14.3% to 27.0%, 
respectively.  4,5,21   

 We identifi ed several independent risk factors for 
mild, moderate, and severe thrombocytopenia. Most 
of these risk factors were nonmodifi able, including 
illness severity, admission diagnosis (eg, sepsis), use of 
advanced life support (eg, inotropes or vasopressors, 
dialysis), and organ dysfunction (liver or renal dys-
function at admission). HIT diagnosis, as determined 
by a positive SRA test, was also strongly predictive of 
both mild and moderate but not severe thrombocyto-
penia, consistent with the natural history of HIT.  22   

  Figure  1. Unadjusted Kaplan-Meier curves for hospital mortality. Patients categorized per thrombocy-
topenia defi nition according to their lowest platelet count up to each point in time  .   
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ular, patients who had a platelet count  ,  75  3  10 9 /L 
at the time of screening were excluded. For this rea-
son, the rates of severe and critical thrombocytopenia 
are likely to have been underestimated. Furthermore, 
because few patients developed critical thrombocy-
topenia with platelet counts  ,  20  3  10 9 /L, we were 
unable to further analyze this condition. Finally, this 
study was not designed to evaluate other bleeding risk 
factors; we have examined the rates, determinants, and 
outcomes of major bleeding in a separate publication.  31   

 This study suggests that thrombocytopenia is an 
independent predictor of poor outcomes in medical-
surgical critically ill patients. Whether attempting to 
correct the thrombocytopenia (with platelet transfu-
sions or thrombopoietic agents) or preventing throm-
bocytopenia can improve these outcomes in critically 
ill patients remains unknown. 

 Conclusion 

 In critically ill medical and surgical patients who 
receive thromboprophylaxis, the incidence of mild to 
moderate thrombocytopenia is high, whereas the inci-
dence of severe thrombocytopenia is low. A high illness 
severity score, surgical diagnosis, use of vasopressors 
or inotropes, renal replacement therapy, and liver 
dysfunction are associated with the development of 
thrombocytopenia. Compared with patients who do 
not develop thrombocytopenia, critically ill patients 
who develop thrombocytopenia are more likely to have 
subsequent bleeding, receive transfusions, and die in 
the ICU or hospital. 
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 Previous studies of patients in the medical-surgical 
ICU found an association between thrombocytopenia 
and bleeding in univariate analyses, but these studies 
did not adjust for confounding factors.  1,2,5,7   In a study of 
patients undergoing liver transplants, Ben Hamida et al  25   
found no association between severe thrombocyto-
penia and major bleeding, after adjusting for disease 
severity. We found that all three levels of thrombo-
cytopenia were associated with an increased risk of 
major bleeding, after adjusting for confounding factors. 
In addition, the association was stronger for the cate-
gories of lower platelet counts. Interestingly, moderate 
and severe thrombocytopenia were associated with 
similar risks of major bleeding. 

 We also found a signifi cant and independent asso-
ciation between all three categories of thrombocyto-
penia and transfusion of allogeneic blood products 
(platelets, red cells, plasma, and cryoprecipitate). Pre-
vious studies have also suggested associations between 
thrombocytopenia and platelet transfusions  4,5,7,25-27   or 
red cell transfusions,  2,25,26,28,29   but these studies did not 
adjust for confounding factors. One exception is a case-
control study that matched 36 patients by APACHE II 
score, primary diagnosis, and length of stay, and found 
an increase in blood product transfusion in patients 
who had severe thrombocytopenia (OR, 1.52; 95% CI, 
1.05-2.20).  29   Our fi ndings raise the question of blood 
product use and effi cacy in patients with thrombocy-
topenia. Further assessment of platelet transfusion 
effectiveness in preventing bleeding in patients with 
thrombocytopenia is warranted. 

 In this study, hospital and ICU mortality were 
independently associated with moderate and severe 
thrombocytopenia but not mild thrombocytopenia. 
A study of thrombocytopenia in patients admitted 
to the ICU for community-acquired pneumonia also 
reported an independent association between mor-
tality and severe thrombocytopenia and but not mild 
thrombocyto penia.  30   

 The strengths of this study include the multicenter 
design, standardized comprehensive data collection, 
and centralized adjudication of bleeding in duplicate 
using a validated tool  19   with excellent agreement.  20   
We conducted rigorous statistical analyses of risk fac-
tors and outcome, and adjusted for confounders and 
time-dependent covariates using Cox regression anal-
ysis. However, the length of stay analyses were not 
adjusted. The large sample size minimizes the possi-
bility of random error and increases the precision of 
our results compared with earlier studies in this pop-
ulation.  2,4,5,7,27   However, this study was conducted using 
a randomized thromboprophylaxis trial database. There-
fore, the inclusion and exclusion criteria, which do 
not necessarily refl ect all critically ill patients, need to 
be considered in interpreting these results. In partic-
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