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Introduction

Thrombocytopenia is one of the most common laboratory 
abnormalities in the intensive care unit (ICU) patients.1 The 
reported incidence of thrombocytopenia is between 13% and 
60%.2–7 It has been associated with an increased risk of blood 
product transfusions, bleeding, length of stay, and mortality.8–11 
Thrombocytopenia can be a result of decreased platelet pro-
duction, increased destruction, increased aggregation, dilution, 
and sequestration.12 The cause of a low platelet count in ICU 
may be difficult to determine and is often multifactorial.

In clinic, thrombocytopenia caused by various infections 
and drugs is not uncommon, but mostly recovers with the 
control of the disease. Infection-related thrombocytopenia is 
a thrombocytopenia caused by viruses, bacteria, rickettsia, 
mycoplasma, fungi, and other pathogens. The main causes of 

thrombocytopenia are the direct destruction of platelets by 
pathogens, the influence of platelet production, and the 
increase of platelet consumption. Among the causes of throm-
bocytopenia, drugs are often suspected when the underlying 
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causes of thrombocytopenia have been excluded. It has been 
estimated that 10%–25% of thrombocytopenia cases in criti-
cally ill patients may be caused by drugs.13,14 Drugs can 
induce thrombocytopenia through various mechanisms, 
including drug-dependent antibodies, myelosuppression, and 
impaired platelet production.15 Although many studies have 
assessed risk factors for thrombocytopenia in critically ill 
patients, few have included infection and medications in their 
analyses.2,3,16 More importantly, these studies have included a 
small number of thrombocytopenia cases, of which 25 and 68 
cases were evaluated.

Platelet transfusion is common, with 9%–30% of all ICU 
patients receiving platelets in the ICU.17,18 The benefits of 
platelet transfusion and the effect of platelet transfusion on 
mortality in patients with different degrees of thrombocyto-
penia are still controversial.19,20 Consequently, we wished to 
answer those questions to some extent.

The purpose of this study was to identify and describe 
factors associated with thrombocytopenia, especially the 
pathogens and drugs related to severe and extremely throm-
bocytopenia. Then, we aim to compare the mortality of 
platelet transfusion and non-transfusion in patients with dif-
ferent degrees of thrombocytopenia.

Methods

Patients

We retrospectively collected data from all patients admitted 
between June 2014 and November 2018 to ICU of the 

Aerospace Central Hospital, a tertiary hospital in Beijing. We 
only collected data of patients during their stay in ICU. This 
was an observational study. All collected data were anonymized. 
We identified all thrombocytopenic patients by extracting elec-
tronic health records from our Hospital Information System. 
Thrombocytopenia was defined as a platelet count of 
<150 × 109/L21 at any time during admission. Exclusion crite-
ria were (1) pregnancy and lactation, (2) those who had organ 
transplants, (3) age less than 18 years old, (4) patients with 
incomplete clinical data, and (5) transfer to ICU for less than 
24 h. Patients with thrombocytopenia were divided into four 
groups according to the lowest platelet count during their stay 
in ICU, and classified as mild (platelet count: 100–149 × 109/L), 
moderate (platelet count: 50–99 × 109/L), severe (platelet 
count: 30–49 × 109/L), or extremely severe (platelet count: 
<30 × 109/L) according to standard classification.22 The flow 
diagram of patient inclusion was shown in Figure 1.

Data collection

The following data were collected from patient medical elec-
tronic records: gender, age, etiology, source of infection, 
comorbidities, microbial organism, medications, bleeding, 
diagnosed by the final International Classification of Diseases 
(ICD) code and the use of hemostatic drugs, hospitalization 
expenses for the ICU stay, length of stay in ICU, and ICU 
mortality. Associated factors with thrombocytopenia were 
judged independently by two of the authors (M.-k.Z., Resident 
and X.-x.H., Attending Physician) using a standard list of fac-
tors form. Disagreements were resolved by discussion or 

Figure 1.  Flow diagram of patient inclusion.
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consensus with a third reviewer (X.-y.X., Chief Physician). 
Exposure to the following medication classes was evaluated 
because of the previous implication in thrombocytopenia and 
frequent use in the ICU: nonsteroidal anti-inflammatory 
agents (i.e. naproxen, ibuprofen, diclofenac, and indometha-
cin), anticonvulsants (i.e. carbamazepine, phenytoin, and val-
proic acid), antiplatelet agents (i.e. aspirin and clopidogrel), 
anticoagulant (i.e. heparin and low-molecular-weight hepa-
rin), quinolones (i.e. levofloxacin, ciprofloxacin, and moxi-
floxacin), H2 antihistamines (i.e. famotidine and ranitidine), 
penicillins (i.e. ampicillin, penicillin, and amoxicillin), cepha-
losporins (i.e. ceftazidime, cefazolin, and cefuroxime), and 
antifungals (i.e. amphotericin B and fluconazole).23

Statistical analysis

Statistic analysis was performed using the SPSS software ver-
sion 22 and GraphPad Prism version 5.01 (GraphPad Software, 
San Diego, CA, USA). Measurement and numeration data 
were statistically analyzed with t test and chi-square test, 
respectively. Multivariable logistic regression models were 
used to find out the pathogenic microorganism drugs associ-
ated with severe and extremely severe thrombocytopenia 
(platelet count < 49 × 109/L). In all tests, the p value < 0.05 
was accepted as significant.

Results

General data

The demographics and clinical characteristics of the study 
population are displayed in Table 1. Of the total patients 
screened, 737 patients were included in the study.

Associated factors with thrombocytopenia

Table 2 lists the associated factors with thrombocytopenia as 
judged according to the specific situation of patients by 

treatment teams. In 737 patients, multiple factors associated 
with thrombocytopenia. Infection was the most common fac-
tor (32.7%), followed by sepsis shock (3.93%) and lose 
blood (2.99%). Among the associated factors of the hemato-
logical diseases, the top three factors were acute leukemia, 
hemolytic anemia, and myelodysplastic syndromes. In 18 
patients, no factor was clinically apparent associated.

Pathogens associated with thrombocytopenia

Since infection was the primary associated factor, we analyzed 
the pathogenic microorganism and distribution of infection 
sites of the infection. Pathogens were identified from clinical 
specimens (including blood, sputum, puncture drainage, 
excrement, urine) and antibody IgM or virus quantities of 
venous blood-associated viruses. Distribution of specific path-
ogens in patients with infection-associated thrombocytopenia 
was shown in Table 3. The logistic regression analysis of path-
ogens associated with severe and extremely severe thrombo-
cytopenia was shown in Table 4. Bacterial infection was 
significantly associated with increased odds of platelet counts 
less than 49/nL (p = 0.037). Distribution of infection sites in 
patients with infection-related thrombocytopenia was shown 
in Table 5. Pulmonary infection occurred in 53.19% was the 
most common infection of all patients.

Drugs associated with severe and extremely 
severe thrombocytopenia

It has been estimated that 10%–25% of thrombocytopenia in 
critically ill patients may be caused by drugs. In the logistic 
regression analysis, the drug with a statistically significant 
correlation with severe and extremely severe thrombocyto-
penia (Table 6) was antifungals (p = 0.002).

Platelet transfusion

We compared the mortality of platelet transfusion and non-
transfusion in patients with different degrees of thrombocy-
topenia, and the mortality between the two groups was 
statistically significant for patients with platelet counts 
between 30 and 49/nL (χ2 = 9.719, p = 0.002). See Table 7.

Discussion

Thrombocytopenia in critically ill patients is usually multifacto-
rial. In our study, infection and sepsis emerged as two primary 
factors. It has been recognized that thrombocytopenia might be 
an early warning sign of sepsis.24 The mechanism of thrombo-
cytopenia induced by sepsis is not fully understood and may 
include disseminated intravascular coagulation (DIC),25 
immune-mediated platelet destruction, and hemophagocyto-
sis.26 Since infection was the primary associated factor, we ana-
lyzed the pathogens associated with severe and extremely 
severe thrombocytopenia. We found that bacterial infection was 
significantly associated with increased odds of severe and 

Table 1.  Demographics and clinical features.

Variables  

Sex, male/female 416/321
Age, male/female, mean ± SD 67.69 ± 17.69/67.81 ± 17.65
Median length of ICU stay (days) 13.29 ± 8.76
Median hospitalization expenses ($) 10,089.86 ± 8348.95
  Admission platelet count, /nL 136.44 ± 90.75
  Nadir platelet count, /nL 69.94 ± 43.19
  Bleeding 395 (53.59%)
  Hospital mortality 96 (13.03%)
  Mild thrombocytopenia 242 (32.84%)
  Moderate thrombocytopenia 224 (30.39%)
  Severe thrombocytopenia 92 (12.48%)
 � Extremely severe 

thrombocytopenia
179 (24.29%)

ICU: intensive care unit.
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extremely severe thrombocytopenia. Bacteria or bacterial prod-
ucts may cause endothelial damage, leading to platelet adhesion 
and aggregation, or may bind directly to platelets leading to 
aggregation and accelerated clearance from circulation.27,28 
There may be a possibility of immune mechanism for develop-
ment of thrombocytopenia in septicemia as there is the presence 
of circulating immune complex in septicemic patients and 

reduced number of complement complex in patients with sep-
ticemic shock.29,30 This indicates that thrombocytopenia may be 
considered an early but nonspecific indicator of septicemia but 
other causes of septicemia should also be ruled out. Therefore, 
in ICU patients with thrombocytopenia, we should first con-
sider the most common cause of bacterial infection and actively 
seek possible infection sites and pathogens, conducting corre-
sponding treatment at the first time. In our predominant patients 
with hematological diseases, the contribution of thrombotic 
thrombocytopenic purpura, hemophagocytosis, and myelopro-
liferative tumor to the incidence of thrombocytopenia was mod-
est. In some patients, as in other ICU-based studies,6 there was 
no significant associated factor with thrombocytopenia. This 
reflects that although thrombocytopenia is a hematological sys-
tem–related laboratory abnormality, it may be more likely to 
indicate non-hematological system diseases such as infection in 
patients of ICU.

Many drugs commonly used in the ICU can result in throm-
bocytopenia, and most patients in ICU are receiving a large 
number of different drugs. However, drug-induced thrombo-
cytopenia does not seem to be important in these patients. In 
our research, we found that antifungals were associated with 
platelet counts less than 49/nL on logistic regression analysis. 
Due to the particularity of fungal infection, although we have 
obtained results with statistical difference, we still believe that 
thrombocytopenia associated with antifungals is that patients 
are severely immunosuppressed. This may be due to severe 
illness or hematological disease. Therefore, the infection and 
severity of illness could be the cause of thrombocytopenia, 
rather than the antifungals themselves. The low incidence of 
drug-induced thrombocytopenia and the high prevalence of 

Table 3.  Distribution of pathogens in patients with infection-
associated thrombocytopenia.

Etiological classification N %

1. Bacterial Baumannii 15 2.04
Staphylococcus epidermidis 5 0.68
Klebsiella pneumonia 5 0.68
Staphylococcus aureus 3 0.41
Bacillus mirabilis 3 0.41
Escherichia coli 2 0.27
Pseudomonas aeruginosa 9 1.22
Corynebacterium jeikeium 1 0.14
Micrococcus luteus 1 0.14
Corynebacterium striatum 1 0.14
Mycobacterium tuberculosis 7 0.95
Unclassified bacterial 46 6.24

2. Fungus Candida albicans 4 0.52
Aspergillus 3 0.41
Albicans, Saccharomyces 1 0.14
Candida glabrata 1 0.14
Unclassified fungus 8  

3. Virus HIV 1 0.14
Rubella virus 1 0.14
Parainfluenza virus 4 0.52
Cytomegalovirus 1 0.14
Adenovirus 1 0.14
Influenza B virus 3 0.41
Hepatitis B virus 73 9.91
Syphilis 4 0.52
Unclassified virus 82 11.12

4. Spirochaeta Spirochaeta 8 1.09
5. Mycoplasma Mycoplasma 7 0.95

HIV: human immunodeficiency virus.

Table 4.  The multivariate logistic regression analysis of 
pathogenic microorganism associated with severe and extremely 
severe thrombocytopenia (platelet count: <49 × 109/L).

B SE Wald p OR (95% CI)

Lower Upper

Bacterium 0.669 0.32 4.363 0.037 1.042 3.659
Fungus 0.971 0.743 1.707 0.191 0.615 11.321
Virus 0.325 0.237 1.87 0.171 0.869 2.203
Spirochaeta −0.078 1.228 0.004 0.949 0.083 10.257
Mycoplasma 0.68 0.783 0.755 0.385 0.426 9.153

SE: standard error; OR: odds ratio; CI: confidence interval.

Table 5.  Distribution infection site of patients with infection-
associated thrombocytopenia.

Etiological classification N %

Lung 392 53.19
Liver 75 10.17
Urinary tract 60 8.14
Intestines 10 1.36
Pancreas 25 3.39
Biliary tract system 23 3.12
Abdomen 14 1.90
Respiratory tract 6 0.81
Soft tissue 4 0.54
Skin 4 0.54
Stomach 3 0.41
Limb 2 0.27
Sinuses 1 0.14
Prostate 1 0.14
Esophagus 1 0.14
Perianal 1 0.14
Parotid gland 1 0.14
Endocardium 1 0.14
Chest 1 0.14
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confounding factors such as sepsis, DIC, severely immuno-
suppressed, or bleeding make the diagnosis of drug-induced 
thrombocytopenia difficult in the ICU setting. Therefore, a 
lower suspicion threshold is needed to prevent the underdiag-
nosis of drug-induced thrombocytopenia.

Since there is no fixed platelet count threshold to indicate 
platelet transfusion in ICU patients, so we compared the 
mortality of platelet transfusion and non-transfusion in ICU 
patients with different degrees of thrombocytopenia. The 
mortality in severe thrombocytopenia between the two 
groups was statistically significant; this suggests that platelet 
transfusion may be associated with reduced mortality in 
patients with platelet counts between 30 and 49/nL. However, 
previous studies suggest a platelet count from 10–20 × 109/L, 
with one suggesting no.31–34 It may be that these studies 
focus on hematology tumor patients, trauma patients, and 
myelosuppression patients, and may lack ICU data from the 
real world. This reminds us that clinical decision to transfuse 
platelets to an individual patient should take into account the 
relative risks and benefits.

This study has some limitations. First, since this was a retro-
spective real-world study, we could not control for all con-
founding factors that could have been present in these ICU 
patients. Second, the number of research patients was small 
and non-thrombocytopenic patients in the cohort. However, we 

believe that our results would be credible since such studies 
may be hard by a prospective or a national claims data analysis. 
Third, thrombocytopenia was divided into four groups accord-
ing to the lowest platelet count, which may affect our conclu-
sion by converting continuous variables into categorical 
variables. Then, we did not calculate and justify the sample 
size selected in this study. However, we made sure that the 
number of people included in the study was 10 times that of  
the variables in the multivariate regression analysis. Finally, 
the present conclusions were derived from our hospital, mainly 
medical ICU, and should be confirmed in other environments.

Conclusion

Among the multiple factors associated with thrombocytope-
nia, infection and sepsis emerged as two primary factors. 
Meanwhile, antifungals and bacterial infection were associ-
ated with platelet counts less than 49/nL. Finally, platelet 
transfusion may be associated with reduced mortality in 
patients with platelet counts between 30 and 49/nL.
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Table 6.  Multivariate regression analysis of drugs significantly associated with severe and extremely severe thrombocytopenia (platelet 
count: <49 × 109/L).

B SE Wald p OR (95% CI)

  Lower Upper

Anti-inflammatory 
agents

0.239 0.184 1.696 0.193 0.886 1.82

Anticonvulsants −0.019 0.339 0.003 0.956 0.505 1.906
Antiplatelet agents −0.328 0.202 2.632 0.105 0.484 1.071
Anticoagulant 0.021 0.219 0.009 0.923 0.665 1.567
Quinolones −0.288 0.167 2.968 0.085 0.54 1.04
Antihistamines 0.117 0.389 0.091 0.763 0.525 2.408
Penicillin −0.159 0.169 0.887 0.346 0.612 1.188
Cephalosporins −0.212 0.175 1.466 0.226 0.574 1.14
Antifungals 0.538 0.177 9.215 0.002 1.21 2.424

SE: standard error; OR: odds ratio; CI: confidence interval.

Table 7.  The mortality of platelet transfusion and non-transfusion in patients with different degrees of thrombocytopenia.

N Mortality χ2 p

Mild thrombocytopenia 242 (32.84%) Transfusion group 7.5% 0.412 0.521
Non-transfusion group 5.7%

Moderate thrombocytopenia 224 (30.39%) Transfusion group 11.9% 0.039 0.843
Non-transfusion group 10.9%

Severe thrombocytopenia 92 (12.48%) Transfusion group 14.1% 9.719 0.002
Non-transfusion group 50%

Extremely severe thrombocytopenia 179 (24.29%) Transfusion group 11.1% Fisher’s test 0.689
Non-transfusion group 20.6%
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