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Thrombocytopenia in adult patients with sepsis:
incidence, risk factors, and its association with
clinical outcome
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Abstract

Background: Sepsis is a major risk factor for the development of thrombocytopenia, but few studies have
specifically evaluated prognostic importance of thrombocytopenia in patients with sepsis. We investigated the
incidence, risk factors, and prognostic importance of thrombocytopenia in adult patients admitted to the
intensive care unit (ICU) with sepsis.

Methods: A retrospective analysis of patients admitted with severe sepsis/septic shock from December 2007 to
January 2009 to a 24-bed medical ICU was done.

Results: A total of 304 patients were included in the study. The patients' mean (±SD) age was 68.8 (±15.8) years.
The majority (93.7%) had septic shock, and pneumonia was the most common infection (38.8%).
Thrombocytopenia developed in 145 patients (47.6%): 77 (25.3%) at ICU admission and 68 (22.3%) during their
hospital course. The median (IQR) duration of thrombocytopenia was 4.4 (1.9–6.9) days. Patients who developed
thrombocytopenia had more episodes of major bleeding (14.4% vs. 3.7%, P < 0.01) and received more
transfusions. Patients with thrombocytopenia had a higher incidence of acute kidney injury (44.1% vs. 29.5%,
P < 0.01), prolonged vasopressor support (median (IQR): 37 (17–76) vs. 23 (13–46) h, P < 0.01), and longer ICU
stay (median (IQR): 3.1 (1.6–7.8) vs. 2.1 (1.2–4.4) days, P < 0.01). The 28-day mortality was similar between patients
with and without thrombocytopenia (32.4% vs. 24.5%, P = 0.12). However, while 15 of 86 patients (17.4%) who
resolved their thrombocytopenia died, 32 of 59 patients (54.2%) whose thrombocytopenia did not resolve died
(P < 0.01). The association between non-resolution of thrombocytopenia and mortality remained significant after
adjusting for age, APACHE III score and compliance with a sepsis resuscitation bundle (P < 0.01).

Conclusions: Thrombocytopenia is common in patients who are admitted to the ICU with severe sepsis and
septic shock. Patients with thrombocytopenia had more episodes of major bleeding, increased incidence of
acute kidney injury, and prolonged ICU stay. Non-resolution of thrombocytopenia, but not thrombocytopenia
itself, was associated with increased 28-day mortality.
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Background
Thrombocytopenia (platelet count < 150,000/μl) is
common in critically ill patients, with an estimated
incidence of 20%–40% at some point during the in-
tensive care unit (ICU) stay [1]. Thrombocytopenia
is recognized as an independent risk factor for mortal-
ity in ICU patients [2,3]. Both the nadir platelet count
and a large drop in platelet count predict a poor
outcome in adult ICU patients [3]. Prolonged throm-
bocytopenia and absence of relative increase in the
platelet count were also associated with a greater risk
of mortality [4]. Many studies tried to identify conse-
quential risk factors for the development of throm-
bocytopenia in the ICU. Sepsis was found to be the
most common risk factor in several studies [2,5-7]. In-
creased severity of illness (as suggested by high Acute
Physiology, Age, and Chronic Health Evaluation (APA-
CHE) II and Sequential Organ Failure Assessment
(SOFA) scores) [2,8] and drugs (heparin, beta lactam an-
tibiotics, and vancomycin) [5,6] were also suggested to
be risk factors for thrombocytopenia; however, these
findings have not been consistent among various
studies.
To date, most studies focus on the incidence and risk

factors for the development of thrombocytopenia, as
well as its association with clinical outcomes in general
ICU populations. The data are limited about incidence
of thrombocytopenia and its association with clinical
outcomes in patients with severe sepsis and septic
shock. There are also limited data available about the
incidence of secondary consumptive thrombocytopenia,
like disseminated intravascular coagulation (DIC) and
thrombotic thrombocytopenic purpura (TTP) in pa-
tients with sepsis. The incidence of DIC in severe
sepsis/septic shock patients is estimated from random-
ized control trial (RCT) data evaluating the therapeutic
role of antithrombin III or immunomodulatory drugs
[9-12]. However, the data from these RCTs may be of
limited use to make epidemiological inferences because
these studies represent a highly selective population
group. There are also inconsistencies among the vari-
ous studies evaluating the risk factors for development
of thrombocytopenia [5,7]. A recent study evaluating
the incidence and risk factors for thrombocytopenia in
septic shock patients identified a higher SOFA score
(mean SOFA score of 12.7) as an independent risk fac-
tor for the development of thrombocytopenia [8]. This
finding has limited utility because one of the factors
used to calculate the SOFA score is actually the plate-
let count.
The objective of this study was to evaluate the incidence,

risk factors, and prognostic importance of thrombocy-
topenia in patients admitted to an ICU with severe sepsis
or septic shock. We also investigated the relationship
between thrombocytopenia and major bleeding episodes
and transfusion requirements.

Methods
This is a retrospective cohort study conducted at the
Mayo Clinic Medical Center, Rochester, MN. The study
was approved by the Institutional Review Board. In-
formed consent was waived because of the anonymous
and observational nature of this study. Adult patients
(age ≥ 18 years) admitted to the 24-bed medical ICU at
the St. Marys Hospital, Rochester, MN with a diagnosis
of severe sepsis or septic shock between December 2007
and January 2009 were included in the study. Study pa-
tients were identified from the existing Sepsis Quality
Initiative database, which contains data of patients ad-
mitted to the medical ICU with sepsis at the Mayo Med-
ical Center. Only the first admission was included for
patients who had multiple ICU admissions. Patients who
have not authorized their medical records to be reviewed
for research were excluded. Other exclusion criteria were
history of platelet disorders (e.g., idiopathic thrombo-
cytopenia purpura, congenital thrombocytopenia, hypers-
plenism), hematologic malignancies, use of chemotherapy
(in the last 30 days prior to admission), mechanical heart
valves, alcohol abuse, and hepatic cirrhosis.
The following data were abstracted from the patients’

electronic medical records: age, ethnicity, gender, co-
morbidities, stage of sepsis, compliance with institu-
tional sepsis resuscitation bundle, source of infection,
microbial organism, development of acute lung injury
(ALI) or acute respiratory distress syndrome (ARDS),
duration of mechanical ventilation, vasopressor use,
major bleeding episodes, transfusion requirements, dur-
ation of ICU stay, and 28-day mortality. The APACHE
III score and predicted mortality were abstracted from
the ICU Data Mart of our institution [13]. For patients
who developed acute kidney injury, worst risk of renal
dysfunction, injury to the kidney, failure of kidney func-
tion, loss of kidney function, and end-stage kidney dis-
ease (RIFLE) stage was determined [14]. The following
laboratory values were collected for all patients when
available: hemoglobin, creatinine, lactate, albumin, daily
platelet count (up to 14 days or death whichever hap-
pened earlier), prothrombin time, activated partial
thromboplastin time, D-dimer assay, fibrinogen level,
peripheral blood smear evidence of hemolysis, serum
lactate dehydrogenase, serum hepatic function panel,
haptoglobin, and anti-platelet factor 4-heparin antibody
by enzyme-linked immunosorbent assay (ELISA). Data
about the usage of medications that are commonly asso-
ciated with thrombocytopenia in critically ill patients
was recorded [15]. We reviewed whether the study pa-
tients received beta-lactam antibiotics, vancomycin, li-
nezolid, trimethoprim-sulfamethoxazole, H2 receptor
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antagonists, or heparin products (unfractionated and
low-molecular weight heparin). One-time orders and
medications prescribed ‘as needed’ were excluded.

Definitions
Thrombocytopenia was defined as having a platelet
count of <150 × 103/μL (based on the hospital labora-
tory’s reference range and from published literature)
[8,16]. If more than one platelet value is available for a
day, the lowest value was used. Severity of throm-
bocytopenia was classified into the following categories on
the basis of nadir platelet count [8]: mild 101–149 × 103/μL,
moderate 51–100 × 103/μL, severe 21–50 × 103/μL, and
very severe ≤20 × 103/μL. Severe sepsis and septic shock
were defined according to published guidelines [17].
Compliance with the institutional sepsis resuscitation
bundle was met if the patient received evidence-based
sepsis resuscitation care within 6 h as per the Surviving
Sepsis Campaign guidelines [18]. Sites of infection were
defined as per the guidelines from the International
Sepsis Forum Consensus Conference [19]. ALI and
ARDS were identified as per the American-European
Consensus Conference definition [20]. Overt DIC was
defined according to the International Society on
Thrombosis and Haemostasis (ISTH) scoring system
[21]. In case of missing data, normal values were assumed
for calculation of the DIC score. Immune-mediated,
heparin-induced thrombocytopenia (HIT) was defined
as the presence of clinical criteria suggestive of HIT and
the presence of platelet factor-4 antibodies [22]. Drug-
induced thrombocytopenia was defined according to the
published criteria as definite, probable, possible, or un-
likely [23]. Major bleeding was defined as any intracra-
nial or retroperitoneal bleed or overt bleeding (visible or
symptomatic bleeding) with a decrease of hemoglobin
concentration by more than 2 g/dL (20 g/L), or the re-
quirement for transfusion of two or more units of
packed red blood cells [24]. Multiple bleeding events
from the same bleeding site/source were counted only
once for each patient.
Definitions for co-morbidities: Hypertension was identi-

fied if patient had a known diagnosis of hypertension or
was using anti-hypertensive medications. Diabetes melli-
tus was identified if the patient’s medical record contained
an established diagnosis and use of any of the following:
oral hypoglycemic drugs, insulin, or exanetide. Chronic
lung disease was known to be present if patient’s medical
record had an established diagnosis of asthma, chronic ob-
structive pulmonary disease, cystic fibrosis or interstitial
lung disease. Coronary artery disease and congestive heart
failure were identified if the medical record documented
an established diagnosis of same. Alcohol abuse was de-
fined as a known diagnosis of chronic alcoholism, a previ-
ous admission for alcohol detoxification or alcohol
withdrawal, or reported alcohol consumption of more
than two drinks per day or >14 drinks/week [25].

Statistical analysis
Data were summarized as mean (standard deviation
(SD)), median (interquartile range (IQR)) or percentages.
We used unpaired Student’s t test to compare continuous
variables with normal distribution and Mann-Whitney U
test for skewed distribution. For comparison of categorical
variables, we used chi-square test if the number of ele-
ments in each cell were 5 or higher and Fisher’s exact test,
otherwise. Multivariate logistic regression analysis was
performed to determine independent risk factors associ-
ated with the development of thrombocytopenia. Univari-
ate analysis was done to identify the candidate variables
for multiple logistic regression analysis. Colinear vari-
able with a low P value (≤0.1) or variables that were
thought to have strong biologic associations were in-
cluded in the model. To determine the impact of
thrombocytopenia on mortality, we performed a multi-
variate logistic regression analysis using the 28-day
mortality as the dependent factor. Variables considered
for the multivariate modeling included age, APACHE
III score, and compliance with sepsis resuscitation bun-
dle. The performance of the multiple logistic regression
models were assessed by the area under the receiver
operating characteristic curve statistics. When appro-
priate, the odds ratio (OR) and 95% confidence inter-
vals (CI) were calculated. A P value of <0.05 was
considered statistically significant. The JMP statistical
software (version 8.0; SAS Institute, Inc, Cary, NC,
USA) was used for all data analyses.
Results and discussion
Results
Between December 28, 2007 and January 12, 2009, 387
patients were admitted to the ICU with severe sepsis or
septic shock, of whom 83 patients were excluded from
the study due to preexisting exclusion criteria. The rea-
sons for exclusion included lack of research authorization
(14 patients), cirrhosis (20 patients), hematologic malig-
nancy (17 patients), alcoholism (15 patients), chronic
thrombocytopenic disorder (7 patients), active chemother-
apy (6 patients), and a mechanical heart valve (4 patients).
A total of 304 patients were included in the study, of
whom 171 (56.2%) were male patients. The patients’
mean (±SD) age was 68.8 (±15.8) years and majority of
them were Caucasians (269 out of 304, 88.4%). Septic
shock was present in 285 out of 304 patients (93.7%),
and the most common source of sepsis was pneumonia
(Table 1).
Thrombocytopenia developed in 145 patients (47.6%);

77 (25.3%) patients had low platelet count at the time of



Table 1 Source of sepsis for all patients admitted to ICU
(n = 304)

Source of sepsis Number of sources (%)

Pneumonia 118 (38.8)

Urinary tract 57 (18.8)

Intra-abdominal 29 (9.5)

Skin and soft tissue infection 18 (5.9)

Blood stream infection 13 (4.3)

Other sources 20 (6.6)

Unknown 49 (16.1)

ICU, intensive care unit.
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ICU admission and an additional 68 (22.3%) patients de-
veloped thrombocytopenia during their hospital course.
The median (IQR) duration of thrombocytopenia was 4.4
(1.9–6.9) days. There were no significant differences in
the stage of sepsis and the compliance with sepsis resusci-
tation bundle for patients with thrombocytopenia as com-
pared to patients who did not develop thrombocytopenia.
Patients with thrombocytopenia had higher APACHE
III scores compared to patients who did not have
thrombocytopenia (P < 0.01) (Table 2).
Patients with thrombocytopenia had significantly ele-

vated serum lactic acid levels at ICU admission (median
value, 2.7 mmol/L vs. 1.8 mmol/L, P < 0.01). Patients with
thrombocytopenia also had elevated serum creatinine and
bilirubin levels and lower serum albumin compared to the
patients without thrombocytopenia (Table 3). There were
no statistically significant differences in serum hemo-
globin, prothrombin time, partial thromboplastin time,
and hepatic transaminase levels between these two
groups.
Table 2 Demographics and clinical characteristics of 304 pati

Variable Thrombocytop

(n = 145)

Age (years), mean (SD) 69.5 (15.4)

Male gender, n (%) 85 (58.6)

White race, n (%) 129 (88.9)

Hypertension, n (%) 108 (74.4)

Diabetes, n (%) 55 (37.9)

Chronic lung disease, n (%) 36 (24.8)

Chronic kidney disease, n (%) 46 (31.7)

Coronary artery disease, n (%) 46 (31.7)

Congestive heart failure, n (%) 35 (24.1)

Septic shock, n (%) 135 (93.1)

Compliance with sepsis bundle, n (%) 62 (42.7)

APACHE III score, mean (SD) 81.7 (29.7)

Age adjusted Charlson Index, median (IQR) 5 (3–9)

ICU, intensive care unit; SD, standard deviation; APACHE, Acute Physiology, Age, an
Of the 145 patients who developed thrombocytopenia,
37 (25.5%) were found to have overt DIC. Possible drug-
induced thrombocytopenia developed in 26 of 145
patients (17.9%), and all the cases were thought to be sec-
ondary to antibiotics. ELISA to detect heparin-platelet fac-
tor 4 antibodies was performed in 49 patients. Two patients
had equivocal test results but later ruled out and did not
have immune-mediated HIT. One patient had a positive
test result and was diagnosed with immune-mediated HIT
(Table 4).
Patients who developed thrombocytopenia had more

episodes of major bleeding compared to those patients
who did not develop thrombocytopenia (14.4% vs. 3.7%,
P < 0.01). Patients with thrombocytopenia also received
more blood product transfusions. Sixty-four of 145 pa-
tients with thrombocytopenia developed acute kidney in-
jury (worst RIFLE stage of ‘injury’ or more) compared to
47 of 159 patients without thrombocytopenia (P < 0.01).
Patients with thrombocytopenia received prolonged vaso-
pressor support and had longer ICU lengths of stay. ICU
mortality and 28-day mortality were not significantly dif-
ferent between these two groups (Table 5). Patients with
higher severity of thrombocytopenia had higher incidence
of ALI/ARDS. Twenty-three out of 73 patients (31.5%)
with moderate or higher severity of thrombocytopenia de-
veloped ALI or ARDS compared to 39 out of 231 patients
(16.8%) with no or mild thrombocytopenia (P < 0.01). Al-
though the mortality increased with severity of throm-
bocytopenia, it did not reach a statistical significance. The
28-day mortality was 25.5% (59 out of 231) in patients
with no or mild thrombocytopenia, compared to 37% (27
out of 73) in patients with the thrombocytopenia severity
of moderate or higher (P = 0.06).
ents admitted to ICU with sepsis

enia No thrombocytopenia P value

(n = 159)

68.2 (16.1) 0.55

86 (54.1) 0.42

140 (88.1) 0.8

120 (75.4) 0.84

55 (34.5) 0.54

56 (35.2) 0.04*

36 (22.6) 0.07

63 (39.6) 0.15

43 (27) 0.56

150 (94.3) 0.65

78 (49.1) 0.27

71.5 (26.4) 0.001*

6 (3–8) 0.5

d Chronic Health Evaluation; IQR, interquartile range. *Significant P values.



Table 3 Laboratory values at admission to the intensive care unit

Variable Thrombocytopenia No thrombocytopenia P value

(n = 145) (n = 159)

Hemoglobin (g/dL), mean (SD) 11.3 (2.1) 11.3 (2.2) 0.81

Albumin (g/dL), mean (SD) 2.5 (0.6) 2.8 (0.4) 0.015*

(n = 132) (n = 75) (n = 57)

Lactate (mmol/L), median (IQR) 2.7 (1.4–4.1) 1.8 (1.1–2.7) <0.0001*

(n = 299) (n = 142) (n = 157)

Creatinine (mg/dL), median (IQR) 1.6 (1.1–3.2) 1.3 (0.8–2.2) 0.002*

Total Bilirubin (mg/dL), median (IQR) 0.7 (0.4–1.3) 0.5 (0.3-0.5) 0.001*

(n = 216) (n = 116) (n = 100)

Day 1 net fluid balance (L), median (IQR) 5.1 (2.9–8.0) 4.7 (2.4-7.1) 0.16

Day 2 net fluid balance (L), median (IQR) 1.8 (0.2–3.4) 1.6 (0.2–3.4) 0.59

(n = 298) (n = 143) (n = 155)

SD, standard deviation; IQR interquartile range. SI conversion factors: to convert hemoglobin and albumin values to g/L, multiply by 10; to convert creatinine
values to μmol/L, multiply by 88.4; to convert total bilirubin values to μmol/L, multiply by 17.104. *Significant P values.
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The risk factors associated with development of throm-
bocytopenia according to multivariate logistic regression
analysis are shown in Table 6. Candidate variables with
significant P values in univariate analysis were entered
into the model. Elevated serum lactate and prolonged
vasopressor duration were independent risk factors for de-
velopment of thrombocytopenia, after adjusting for age
and compliance with the institutional sepsis resuscitation
bundle.
Eighty-six of 145 patients who developed thrombocy-

topenia had normal platelet count values by the time of
discharge from the hospital. Patients with persistent
thrombocytopenia had higher ICU, hospital, and 28-day
mortality values compared to those patients whose platelet
Table 4 Clinical data in 145 patients who
developed thrombocytopenia

Variable Value

Development of thrombocytopenia

At the time of ICU admit, n (%) 77 (25.3)

During the ICU/hospital course, n (%) 68 (22.3)

Duration of thrombocytopenia (days), median (IQR) 4.4 (1.9–6.9)

Resolution of thrombocytopenia by
hospital discharge, n (%)

86 (59.3)

Severity of thrombocytopenia

Mild, n (%) 72 (49.6)

Moderate, n (%) 47 (32.4)

Severe, n (%) 19 (13.1)

Very severe, n (%) 7 (4.8)

Disseminated intravascular coagulation, n (%) 37 (25.5)

Drug-induced thrombocytopenia, n (%) 26 (17.9)

Heparin-induced thrombocytopenia, n (%) 1 (0.6)

ICU, intensive care unit; IQR, interquartile range.
counts normalized during hospitalization (Table 7). Fifteen
of 86 patients (17.4%) who resolved their thrombocyto-
penia by the time of discharge from hospital died, com-
pared to 32 of 59 (54.2%) who did not resolve their
thrombocytopenia (P < 0.01). The association between
non-resolution of thrombocytopenia and 28-day mortality
remained significant after adjusting for age, APACHE III
score, and compliance with sepsis resuscitation bundle
(P < 0.01), with a receiver operating characteristic
(ROC) area under curve (AUC) of 0.78 (Figure 1).

Discussion
In this retrospective study of 304 patients admitted to
ICU with severe sepsis or septic shock, thrombocy-
topenia developed in 145 (47.6%) patients. The majority
of the patients (285 out of 304 patients, 93.7%) had sep-
tic shock, and the most common source of sepsis was
pneumonia. Patients with thrombocytopenia had higher
severity of illness scores (APACHE III) and elevated lac-
tate levels compared to the patients who did not have
thrombocytopenia. Elevated serum lactate and prolonged
vasopressor duration were found to be independent
risk factors for development of thrombocytopenia after
adjusting for age and compliance with the institutional
sepsis resuscitation bundle. Patients with thrombo-
cytopenia were more likely to develop major bleeding
episodes and to receive more blood product transfu-
sions. Patients who developed thrombocytopenia had a
higher incidence of acute kidney injury, required pro-
longed vasopressor support, and had a prolonged ICU
stay. ICU mortality and 28-day mortality were not
significantly different between these two groups. Al-
though mortality increased with the severity of thrombo-
cytopenia, the association between these two variables did
not reach a statistical significance. Of the 145 patients



Table 5 Comparison of clinical outcome data for patients with and without thrombocytopenia

Variable Thrombocytopenia No thrombocytopenia P value

(n = 145) (n = 159)

Major bleeding, n (%) 21 (14.4) 6 (3.7) 0.001*

PRBC transfusion, n (%) 85 (58.6) 62 (38.9) 0.0006*

FFP transfusion, n (%) 24 (16.5) 15 (9.4) 0.06

Platelet transfusion, n (%) 16 (11.3) 0 <0.0001*

Cryoprecipitate transfusion, n (%) 8 (5.5) 0 0.002*

Acute kidney injury (worst RIFLE stage ‘injury’ or more), n (%) 64 (44.1) 47 (29.5) 0.008*

Vasopressor duration (h), median (IQR) 37 (17–76) 23 (13–46) 0.004*

ALI/ARDS, n (%) 33 (22.8) 29 (18.2) 0.32

Mechanical ventilation, n (%) 75 (51.7) 78 (49.1) 0.64

Mechanical ventilation duration (days), median (IQR) 5.1 (2.1–9.2) 3 (1.1–9.2) 0.11

ICU length of stay (days), median (IQR) 3.1 (1.6–7.8) 2.1 (1.2–4.4) 0.001*

ICU mortality, n (%) 24 (16.5) 19 (11.9) 0.25

28-day mortality, n (%) 47 (32.4) 39 (24.5) 0.12

PRBC, packed red blood cells; FFP, fresh frozen plasma; RIFLE, risk of renal dysfunction, injury to the kidney, failure of kidney function, loss of kidney function and
end-stage kidney disease; IQR, interquartile range; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; ICU, intensive care unit. * Significant P values.
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who developed thrombocytopenia, 86 (59.3%) had normal
platelet counts by the time of discharge from the hospital.
Patients who did not resolve their thrombocytopenia by
the time of hospital discharge had higher mortality com-
pared to those patients whose platelet counts were nor-
malized by the time of hospital discharge. The association
between non-resolution of thrombocytopenia and 28-day
mortality remained significant after adjusting for age,
APACHE III score, and compliance with sepsis resuscita-
tion bundle.
The incidence of thrombocytopenia was 47.6% in our

study patients. Previous studies that specifically evalu-
ated thrombocytopenia in patients with infection re-
ported an incidence of 22%–58% [8,26-29]. This wide
variation in incidence of thrombocytopenia is likely ex-
plained by the disparate characteristics of these study
Table 6 Multivariate logistic regression model analyzing
various risk factors for development of
thrombocytopenia in 304 patients

Variable Odds
ratio

95% confidence
interval

P value

APACHE III score 0.99 0.98–1.02 0.9

Lactate 1.59 1.1–2.47 0.02*

Albumin 0.66 0.25–1.74 0.4

Creatinine 1.07 0.78–1.51 0.6

Vasopressor duration 1.02 1.00–1.03 0.02*

Acute kidney injury
(RIFLE stage ‘injury’ or more)

1.43 0.47–4.31 0.5

ICU, intensive care unit; APACHE, Acute Physiology, Age, and Chronic Health
Evaluation; RIFLE, risk of renal dysfunction, injury to the kidney, failure of
kidney function, loss of kidney function and end-stage kidney disease.
*Significant P values.
patients, as well as differences in how thrombocytopenia
was defined. Gafter-Gvili et al. reported an incidence of
thrombocytopenia of 22.3% in patients with Staphylococ-
cus aureus bacteremia; however, only 11% of their patients
had septic shock [26]. In our study, 94% of patients were
diagnosed with septic shock. Other studies that included
more severely ill patients reported an incidence of throm-
bocytopenia comparable to our findings. In a study of pa-
tients with septic shock, 55% developed thrombocytopenia
[8], and another study evaluating thrombocytopenia in ICU
patients with nosocomial blood stream infections reported
an incidence of 43% [29]. When thrombocytopenia was
defined as a platelet count of <100 × 103/μL, the incidence
was reported to be about 33%–36% [28,29]. We defined
thrombocytopenia as platelet count <150 × 103/μL, which
could explain the higher incidence of thrombocytopenia
in our study.
The development of thrombocytopenia in patients with

sepsis is secondary to various mechanisms. Platelets are
activated in sepsis and bound to the endothelium, result-
ing in sequestration and destruction [30,31]. Immune-
mediated mechanisms like nonspecific platelet-associated
antibodies [32] and cytokine-driven hemophagocytosis of
platelets [33,34] can also contribute to sepsis-induced
thrombocytopenia. Severe sepsis is commonly associated
with a net procoagulant state, and secondary consumptive
conditions of thrombocytopenia, like DIC, represent an
extreme in the continuum of hemostatic abnormalities in
patients with sepsis. In our study, 25% of patients with
thrombocytopenia had overt DIC. This number is similar
to earlier reports which estimated that 15%–30% of pa-
tients with severe sepsis and septic shock develop DIC
[35]. Although DIC is considered to be a predictor of



Table 7 Mortality data among 145 patients with thrombocytopenia

Variable Thrombocytopenia resolved
by hospital discharge

Thrombocytopenia not resolved
by hospital discharge

P value

(N = 86) (N = 59)

ICU mortality, n (%) 4 (4.6) 20 (33.9) <0.0001*

Hospital mortality, n (%) 15 (17.4) 24 (40.6) 0.002*

28-day mortality, n (%) 15 (17.4) 32 (54.2) <0.0001*

Stratified according to the resolution of thrombocytopenia by the time of hospital discharge. ICU, intensive care unit. *Significant P values.
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mortality, we did not find an association between the pres-
ence of overt DIC and mortality in our study. Immune-
mediated HIT was diagnosed in only one patient in our
study cohort. Although sepsis is not a known risk factor
for TTP, recent reports have suggested that infections can
trigger TTP in patients with preexisting risk factors
[36,37]. We did not find any case of TTP in our study.
Many studies tried to identify potential risk factors for

the development of thrombocytopenia in the ICU. Sepsis
was found to be the most common risk factor in several
studies [2,5-7]. Increased severity of illness (as suggested
by high APACHE II and SOFA scores) [2,8], presence of
invasive vascular catheters (e.g., central venous catheter,
pulmonary artery catheter) [6,7] and drugs (heparin,
beta-lactam antibiotics, and vancomycin) [5,6] were also
suggested to be risk factors for the development of throm-
bocytopenia; however, these findings have not been con-
sistent among different studies. We found that elevated
serum lactate and prolonged vasopressor duration were
independent risk factors for thrombocytopenia. It is
Area under curve = 0.78
Figure 1 Receiver-operator characteristic curve analysis
showing non-resolution of thrombocytopenia as a predictor of
28-day mortality.
plausible that these risk factors reflect the severity of
underlying septic process and critical illness rather
than predicting the causality. We did not specifically
evaluate for effects of specific drugs on the develop-
ment of thrombocytopenia in our patient cohort.
One of the main concerns for critically ill patients with

thrombocytopenia is bleeding. We found that patients
with thrombocytopenia were more likely to develop major
bleeding episodes and they also received more blood
product transfusions. Blood product transfusion is a risk
factor for the development of lung injury including
transfusion-associated acute lung injury (TRALI). Patients
with higher severity of thrombocytopenia had more major
bleeding episodes and they also had a higher incidence of
ALI or ARDS. We found that patients with thrombo-
cytopenia had a higher incidence of acute kidney injury
and required vasopressor support for longer duration
compared to the patients without thrombocytopenia. This
may explain the observed longer ICU length of stay for
patients with thrombocytopenia in our study.
Thrombocytopenia is a known negative prognostic in-

dicator for adverse clinical outcomes in ICU patients.
Previous studies have reported that thrombocytopenia
carries an independent risk for mortality in ICU patients
[3,4,38]. However, in our study, we did not find a signifi-
cant difference in the ICU mortality or 28-day mortality
between the patients with and without thrombocy-
topenia. This could be due to differences in the study
population, as our study included only patients with se-
vere sepsis/septic shock, whereas previous studies in-
cluded critically ill patients from both medical and
surgical ICUs. In another study of 145 critically patients
from a medical ICU, Strauss and colleagues also found
that thrombocytopenia alone was not a predictor of
mortality. A drop in platelet count of ≥30%, not throm-
bocytopenia per se predicted ICU mortality in their
study [16]. Our study results also differ from that of a
recent study by Sharma et al., who reported that throm-
bocytopenia is a predictor of mortality in patients with
septic shock [8]. Although they found that the un-
adjusted 6-month mortality rate was higher in patients
with thrombocytopenia, the receiver operator character-
istic curve analysis showed that thrombocytopenia has
poor sensitivity as a marker for predicting mortality. The
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hazard ratios for estimating the increased probability of
mortality for patients with thrombocytopenia also had
wide confidence intervals in their study, thereby minim-
izing the effect size. Brogly and colleagues reported that
a platelet count of <150 × 109/L did not predict mortality
in patients admitted to ICU for severe community-
acquired pneumonia [39]. However, the ICU mortality has
increased significantly with severity of thrombocytopenia
in their study, with an initial platelet count ≤50 × 109/L
independently predicting the ICU mortality. It is plaus-
ible that severity of thrombocytopenia could be a better
predictor of mortality rather than mere presence of
thrombocytopenia.
We found that non-resolution of thrombocytopenia

during the recovery from critical illness is a strong pre-
dictor of mortality. Patients with persistent thrombo-
cytopenia had higher ICU, hospital, and 28-day mortality
compared to those patients whose platelet counts have
normalized. This association remained significant after
adjusting for age, APACHE III score, and compliance with
sepsis resuscitation bundle. An acute decrease in platelet
counts secondary to a major inflammatory event is com-
monly followed by thrombocytosis reflecting bone marrow
activation. Lack of this biphasic response of platelet reco-
very portends poor outcomes. Akca and colleagues [4]
found that a prolonged thrombocytopenia and an absence
of relative increase (a 25% increase above the admission
value) in platelet count were associated with mortality in
critically ill patients. The absence of relative increase in
the platelet count on day 14 was associated with mortality
even in patients without thrombocytopenia. Similar find-
ings were reported by Nijsten and colleagues in a group of
surgical ICU patients [40]. Our results support the find-
ings from the abovementioned studies that have shown
that changes in platelet counts over time may have greater
prognostic significance rather than the absolute counts in
critically ill patients. Our results suggest that even in pa-
tients who survived the acute illness from severe sepsis/
septic shock and discharged from ICU, lack of resolution
of thrombocytopenia portends a bad prognosis.
Care of sepsis patients has improved significantly in the

last decade with the implementation of sepsis resuscita-
tion ‘bundles’, which led to improved clinical outcomes.
It is unknown whether the prognostic significance of
thrombocytopenia has changed with the advances in the
care of sepsis patients in the ICU. We have included
compliance with sepsis resuscitation bundle as one of
the variables in our statistical analyses, and adjusted its
effect on determining the association between throm-
bocytopenia and mortality. The association between
non-resolution of thrombocytopenia and 28-day mortality
remained significant even after adjusting for the compli-
ance with sepsis resuscitation bundle. This finding is sig-
nificant because lack of resolution of thrombocytopenia
still holds an important prognostic value despite recent
advances in sepsis care.
Our study has several limitations. Since it is a retro-

spective study, we could not control for all confounding
factors that could have been present in the critically ill pa-
tients at different times. Compliance with a sepsis resusci-
tation bundle is an important factor that affects mortality
in patients with severe sepsis or septic shock. Previous
studies evaluating thrombocytopenia in septic shock pa-
tients [8] did not adjust for this important confounding
factor. Our study results were adjusted for compliance
with sepsis resuscitation bundle, which strengthens the
study findings. Although we included 304 patients in our
study, mortality rate in our study is relatively low com-
pared to other studies. Because of the relatively low num-
ber of deaths, our analyses are not adequately powered to
determine statistically significant differences between
groups. Our sample size was also not sufficient enough to
analyze the incidence or impact of rare events like
heparin-induced thrombocytopenia, etc.
Conclusions
In conclusion, this is the largest study evaluating the in-
cidence and clinical outcomes of thrombocytopenia in
patients admitted to the ICU with severe sepsis and sep-
tic shock. Thrombocytopenia is common among patients
with sepsis admitted to the ICU and has prognostic im-
portance. Patients with thrombocytopenia tend to be
sicker and are more likely to develop major bleeding epi-
sodes. Although our results did not find an association
between presence of thrombocytopenia and 28-day mor-
tality, patients with thrombocytopenia had significant
morbidity as evidenced by higher incidence of acute kid-
ney injury and longer ICU stay, compared to the patients
who did not develop thrombocytopenia. Among patients
who developed thrombocytopenia, non-resolution of throm-
bocytopenia was associated with increased mortality. The
association between non-resolution of thrombocytopenia
and 28-day mortality remained significant after adjusting
for age, APACHE III score, and compliance with sepsis re-
suscitation bundle.

Abbreviations
ALI: Acute lung injury; APACHE: Acute physiology, Age, and Chronic Health
Evaluation; ARDS: Acute respiratory distress syndrome; DIC: Disseminated
intravascular coagulation; ELISA: Enzyme-linked immunosorbent assay;
FFP: Fresh frozen plasma; HIT: Heparin-induced thrombocytopenia;
ICU: Intensive care unit; IQR: Interquartile range; PRBC: Packed red blood
cells; RIFLE: Risk of renal dysfunction, injury to the kidney, failure of kidney
function, loss of kidney function and end-stage kidney disease; ROC: Receiver
operating characteristic; SD: Standard deviation; SOFA: Sequential organ
failure assessment; TRALI: Transfusion-associated acute lung injury;
TTP: Thrombotic thrombocytopenic purpura.

Competing interests
The authors declare that they have no competing interest.



Venkata et al. Journal of Intensive Care 2013, 1:9 Page 9 of 10
http://www.jintensivecare.com/content/1/1/9
Authors’ contributions
CV designed the study, collected the data, and drafted the manuscript. RK
made substantial contribution to the data analysis and interpretation using
appropriate statistical methods. JCF was involved in critically reviewing the
manuscript’s intellectual content and performing appropriate revisions. BA
was instrumental in designing the study, data collection, and analysis. All
authors except BA read and approved the final manuscript. BA passed away
before the manuscript was written.
Authors’ information
BA passed away on January 10, 2013.
Christopher Farmer is a Professor of Medicine at the Mayo Clinic College of
Medicine. He is the Chair of the Department of Critical Care Medicine at
Mayo Clinic, Arizona. He is also the President-elect of the Society of the
Critical Care Medicine.

Author details
1Department of Critical Care Medicine, Mayo Clinic Health System, 1025
Marsh Street, Mankato, MN 56001, USA. 2Division of Pulmonary and Critical
Care Medicine, Department of Internal Medicine, Mayo Clinic, Rochester, MN,
USA. 3Department of Critical Care Medicine, Mayo Clinic, Scottsdale AZ, USA.

Received: 19 July 2013 Accepted: 24 October 2013
Published: 30 December 2013
References
1. Drews RE, Weinberger SE: Thrombocytopenic disorders in critically ill

patients. Am J Respir Crit Care Med 2000, 162:347–351.
2. Stephan F, Hollande J, Richard O, Cheffi A, Maier-Redelsperger M, Flahault A:

Thrombocytopenia in a surgical ICU. Chest 1999, 115:1363–1370.
3. Vanderschueren S, De Weerdt A, Malbrain M, Vankersschaever D, Frans E,

Wilmer A, Bobbaers H: Thrombocytopenia and prognosis in intensive
care. Crit Care Med 2000, 28:1871–1876.

4. Akca S, Haji-Michael P, de Mendonca A, Suter P, Levi M, Vincent JL:
Time course of platelet counts in critically ill patients. Crit Care Med 2002,
30:753–756.

5. Bonfiglio MF, Traeger SM, Kier KL, Martin BR, Hulisz DT, Verbeck SR:
Thrombocytopenia in intensive care patients: a comprehensive analysis
of risk factors in 314 patients. Ann Pharmacother 1995, 29:835–842.

6. Cawley MJ, Wittbrodt ET, Boyce EG, Skaar DJ: Potential risk factors
associated with thrombocytopenia in a surgical intensive care unit.
Pharmacotherapy 1999, 19:108–113.

7. Shalansky SJ, Verma AK, Levine M, Spinelli JJ, Dodek PM: Risk markers for
thrombocytopenia in critically ill patients: a prospective analysis.
Pharmacotherapy 2002, 22:803–813.

8. Sharma B, Sharma M, Majumder M, Steier W, Sangal A, Kalawar M:
Thrombocytopenia in septic shock patients–a prospective observational
study of incidence, risk factors and correlation with clinical outcome.
Anaesth Intensive Care 2007, 35:874–880.

9. Abraham E, Anzueto A, Gutierrez G, Tessler S, San Pedro G, Wunderink R,
Dal Nogare A, Nasraway S, Berman S, Cooney R, Levy H, Baughman R,
Rumbak M, Light RB, Poole L, Allred R, Constant J, Pennington J, Porter S:
Double-blind randomised controlled trial of monoclonal antibody to
human tumour necrosis factor in treatment of septic shock. NORASEPT II
study group. Lancet 1998, 351:929–933.

10. Cohen J, Carlet J: INTERSEPT: an international, multicenter, placebo-
controlled trial of monoclonal antibody to human tumor necrosis factor-
alpha in patients with sepsis. International sepsis trial study group. Crit
Care Med 1996, 24:1431–1440.

11. Eisele B, Lamy M, Thijs LG, Keinecke HO, Schuster HP, Matthias FR, Fourrier F,
Heinrichs H, Delvos U: Antithrombin III in patients with severe sepsis: a
randomized, placebo-controlled, double-blind multicenter trial plus a
meta-analysis on all randomized, placebo-controlled, double-blind trials
with antithrombin III in severe sepsis. Intensive Care Med 1998, 24:663–672.

12. Fisher CJ Jr, Agosti JM, Opal SM, Lowry SF, Balk RA, Sadoff JC, Abraham E,
Schein RM, Benjamin E: Treatment of septic shock with the tumor
necrosis factor receptor: Fc fusion protein. The soluble TNF receptor
sepsis study group. N Engl J Med 1996, 334:1697–1702.

13. Herasevich V, Kor DJ, Li M, Pickering BW: ICU data mart: a non-iT approach.
A team of clinicians, researchers and informatics personnel at the Mayo
clinic have taken a homegrown approach to building an ICU data mart.
Healthc Inform 2011, 28(42):44–45.

14. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute renal failure -
definition, outcome measures, animal models, fluid therapy and informa-
tion technology needs: the second international consensus conference
of the acute dialysis quality initiative (ADQI) group. Crit Care 2004,
8:R204–R212.

15. Priziola JL, Smythe MA, Dager WE: Drug-induced thrombocytopenia in
critically ill patients. Crit Care Med 2010, 38:S145–S154.

16. Strauss R, Wehler M, Mehler K, Kreutzer D, Koebnick C, Hahn EG:
Thrombocytopenia in patients in the medical intensive care unit:
bleeding prevalence, transfusion requirements, and outcome. Crit Care
Med 2002, 30:1765–1771.

17. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM,
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. The ACCP/SCCM consensus
conference committee. American college of chest physicians/society of
critical care medicine. Chest 1992, 101:1644–1655.

18. Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT, Marshall JC, Bion J,
Schorr C, Artigas A, Ramsay G, Beale R, Parker MM, Gerlach H, Reinhart K,
Silva E, Harvey M, Regan S, Angus DC: The surviving sepsis campaign:
results of an international guideline-based performance improvement
program targeting severe sepsis. Crit Care Med 2010, 38:367–374.

19. Calandra T, Cohen J: The international sepsis forum consensus
conference on definitions of infection in the intensive care unit. Crit Care
Med 2005, 33:1538–1548.

20. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, Lamy M,
Legall JR, Morris A, Spragg R: The American-European consensus conference
on ARDS. Definitions, mechanisms, relevant outcomes, and clinical trial
coordination. Am J Respir Crit Care Med 1994, 149:818–824.

21. Taylor FB Jr, Toh CH, Hoots WK, Wada H, Levi M: Towards definition,
clinical and laboratory criteria, and a scoring system for disseminated
intravascular coagulation. Thromb Haemost 2001, 86:1327–1330.

22. Warkentin TE, Heddle NM: Laboratory diagnosis of immune heparin-induced
thrombocytopenia. Curr Hematol Rep 2003, 2:148–157.

23. George JN, Raskob GE, Shah SR, Rizvi MA, Hamilton SA, Osborne S,
Vondracek T: Drug-induced thrombocytopenia: a systematic review of
published case reports. Ann Intern Med 1998, 129:886–890.

24. Graafsma YP, Prins MH, Lensing AW, de Haan RJ, Huisman MV, Buller HR:
Bleeding classification in clinical trials: observer variability and clinical
relevance. Thromb Haemost 1997, 78:1189–1192.

25. Thakur L, Kojicic M, Thakur SJ, Pieper MS, Kashyap R, Trillo-Alvarez CA, Javier F,
Cartin-Ceba R, Gajic O: Alcohol consumption and development of acute
respiratory distress syndrome: a population-based study. Int J Environ Res
Public Health 2009, 6:2426–2435.

26. Gafter-Gvili A, Mansur N, Bivas A, Zemer-Wassercug N, Bishara J,
Leibovici L, Paul M: Thrombocytopenia in Staphylococcus aureus
bacteremia: risk factors and prognostic importance. Mayo Clin Proc
2011, 86:389–396.

27. Lee KH, Hui KP, Tan WC: Thrombocytopenia in sepsis: a predictor of
mortality in the intensive care unit. Singapore Med J 1993, 34:245–246.

28. Oguzulgen IK, Ozis T, Gursel G: Is the fall in platelet count associated with
intensive care unit acquired pneumonia? Swiss Med Wkly 2004,
134:430–434.

29. Vandijck DM, Blot SI, De Waele JJ, Hoste EA, Vandewoude KH, Decruyenaere JM:
Thrombocytopenia and outcome in critically ill patients with bloodstream
infection. Heart Lung 2010, 39:21–26.

30. Gawaz M, Dickfeld T, Bogner C, Fateh-Moghadam S, Neumann FJ:
Platelet function in septic multiple organ dysfunction syndrome. Intensive
Care Med 1997, 23:379–385.

31. Mavrommatis AC, Theodoridis T, Orfanidou A, Roussos C, Christopoulou-Kokkinou V,
Zakynthinos S: Coagulation system and platelets are fully activated in
uncomplicated sepsis. Crit Care Med 2000, 28:451–457.

32. Ghosh TK, Khan N, Malik A: Platelet auto-antibodies in septicaemic
patients. Indian J Pathol Microbiol 1999, 42:31–35.

33. Francois B, Trimoreau F, Vignon P, Fixe P, Praloran V, Gastinne H:
Thrombocytopenia in the sepsis syndrome: role of hemophagocytosis
and macrophage colony-stimulating factor. Am J Med 1997, 103:114–120.

34. Stephan F, Thioliere B, Verdy E, Tulliez M: Role of hemophagocytic
histiocytosis in the etiology of thrombocytopenia in patients with sepsis
syndrome or septic shock. Clin Infect Dis 1997, 25:1159–1164.



Venkata et al. Journal of Intensive Care 2013, 1:9 Page 10 of 10
http://www.jintensivecare.com/content/1/1/9
35. Aird WC: The hematologic system as a marker of organ dysfunction in
sepsis. Mayo Clin Proc 2003, 78:869–881.

36. Cserti CM, Landaw S, Uhl L: Do infections provoke exacerbations and
relapses of thrombotic thrombocytopenic purpura? J Clin Apher 2007,
22:21–25.

37. Douglas KW, Pollock KG, Young D, Catlow J, Green R: Infection frequently
triggers thrombotic microangiopathy in patients with preexisting risk
factors: a single-institution experience. J Clin Apher 2010, 25:47–53.

38. Crowther MA, Cook DJ, Meade MO, Griffith LE, Guyatt GH, Arnold DM,
Rabbat CG, Geerts WH, Warkentin TE: Thrombocytopenia in medical-surgical
critically ill patients: prevalence, incidence, and risk factors. J Crit Care 2005,
20:348–353.

39. Brogly N, Devos P, Boussekey N, Georges H, Chiche A, Leroy O: Impact of
thrombocytopenia on outcome of patients admitted to ICU for severe
community-acquired pneumonia. J Infect 2007, 55:136–140.

40. Nijsten MW, ten Duis HJ, Zijlstra JG, Porte RJ, Zwaveling JH, Paling JC, The
TH: Blunted rise in platelet count in critically ill patients is associated
with worse outcome. Crit Care Med 2000, 28:3843–3846.

doi:10.1186/2052-0492-1-9
Cite this article as: Venkata et al.: Thrombocytopenia in adult patients
with sepsis: incidence, risk factors, and its association with clinical
outcome. Journal of Intensive Care 2013 1:9.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Definitions
	Statistical analysis

	Results and discussion
	Results

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Author details
	References

