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Purpose: Sepsis with thrombocytopenia is highly prevalent in critically ill intensive care

unit (ICU) patients and is associated with adverse outcomes. Platelet transfusion is the

primary treatment of choice. However, evidence for the beneficial effects of platelet

transfusion in patients with sepsis and thrombocytopenia is scarce and low in quality.

This study aimed to evaluate the association between platelet transfusion and mortality

among ICU patients with sepsis and thrombocytopenia.

Patients and Methods: Using the Medical Information Mart for Intensive Care III

database (v. 1.4), the outcomes of sepsis patients with platelet counts of ≤150,000/µL

were compared between those who did and did not receive platelet transfusion.

The primary outcomes were 28- and 90-day all-cause mortalities. The secondary

outcomes were red blood cell (RBC) transfusion, ICU-free days, and hospital-free days.

Propensity score matching was employed to assemble a cohort of patients with similar

baseline characteristics.

Results: Among 7,765 eligible patients, 677 received platelet transfusion and were

matched with 677 patients who did not receive platelet transfusion according to

propensity scores. Platelet transfusion, as compared with no platelet transfusion, was

associated with an increased risk of 28-day all-cause mortality [36.9 vs. 30.4%, odds

ratio (OR), 1.21; 95% confidence interval (CI), 1.01–1.46; p = 0.039], increased risk of

90-day all-cause mortality (50.8 vs. 44.6%, OR, 1.13; 95% CI, 1.00–1.31; p = 0.048),

fewer mean (standard deviation) 28-day ICU-free days (15.88 ± 8.97 vs. 18.64 ± 8.33

days, p < 0.001), and fewer hospital-free days (10.29 ± 8.49 vs. 11.43 ± 8.85 days, p

= 0.017). The rate of RBC transfusion was not significantly different between the platelet

transfusion and non-transfusion groups (p = 0.149). The results were maintained across

several subgroup and sensitivity analyses.

Conclusion: In this study, platelet transfusion was associated with higher 28- and

90-day all-cause mortalities. These results suggest the potential hazards of platelet

transfusion in ICU patients with sepsis and thrombocytopenia.
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INTRODUCTION

Despite considerable improvements in themanagement of sepsis,
it remains a global public health challenge (1). The incidence
of sepsis is increasing at a rate of 8–13% annually; sepsis is a
leading cause of long-term disability and is responsible for ∼15
million annual deaths (2). Sepsis is defined as a state of multiple
organ dysfunction caused by a dysregulated host response to
infection. Among those responses, thrombocytopenia is a major
complication of sepsis, present in 55% of cases, and correlates
with a poor prognosis (3).

Platelet transfusion are commonly used in bone marrow
transplant patients, in oncology patients receiving chemotherapy,
and to prevent bleeding before invasive procedures in patients
with thrombocytopenia. Around 3–15% of sepsis patients
with thrombocytopenia receive platelet transfusion in various
intensive care unit (ICU) settings. Pre-transfusion platelet
counts vary widely from 10,000 to 150,000/µL, depending on
the indication for transfusion (4). However, the most recent
Surviving Sepsis Campaign guidelines on treating patients with
thrombocytopenia address this topic in a vague and limited
way (1). For sepsis with thrombocytopenia, there is no evidence
for the use of platelet transfusion. Apart from expert opinion
and several single-center retrospective studies, no data exist
on key clinical outcomes including bleeding, days spent in the
hospital, and death (5, 6). Meanwhile, the benefits of platelet
transfusion in sepsis patients with thrombocytopenia have been
questioned (7, 8). Additionally, several studies suggested that
platelet transfusion is associated with adverse effects including
acute myocardial infarction, infection, stroke, thrombosis, and
lung injury (9–13).

Therefore, there is considerable uncertainty regarding the
benefits of platelet transfusion. To address this uncertainty, we
aimed to examine the relationship between platelet transfusion
and prognosis in patients with sepsis and thrombocytopenia,
using data from a large critical care database.

MATERIALS AND METHODS

Study Design
We conducted a retrospective cohort study based on a large
US-based database called the Medical Information Mart for
Intensive Care III (MIMIC-III). The MIMIC-III (v1.4) database
includes data on 53,423 distinct ICU admissions for patients at
the Beth Israel DeaconessMedical Center between 2001 and 2012
(14). One author (Chenyu Fan) obtained access to the database
and was responsible for data extraction (certification number
27252652). Informed consent was not obtained because the data
were obtained from publicly available sources.

Selection of Participants
Patients aged 18 years or older who fulfilled the criteria
for sepsis combined with thrombocytopenia were eligible for
inclusion. Sepsis was diagnosed according to the Sepsis-3 criteria;
specifically, if patients presented with documented or suspected
infection and an acute change in the total Sequential Organ
Failure Assessment (SOFA) score of ≥2 points, they were

considered to have sepsis (1). Thrombocytopenia was defined as
any platelet count ≤150,000/µL. Patients were excluded if they
were pregnant or breastfeeding; died within 48 h of admission
to ICU; had active hematological or autoimmune disorders;
had a discharge diagnosis of thrombotic thrombocytopenic
purpura (TTP), hemolytic uremic syndrome (HUS), or heparin-
induced thrombocytopenia (HIT); and had received a red blood
cell (RBC) transfusion prior to platelet transfusion or showed
a decrease in the hemoglobin level of more than 20 g/L.
For multiple admissions of the same patient, we used the
initial record.

Variable Extraction
We retrieved the medical records of sepsis patients with
thrombocytopenia. Information on the following parameters was
extracted: baseline characteristics within 24 h of admission to
the ICU, sex, race, comorbidities, medication history, infection
site (respiratory, urinary, gastrointestinal, and others), ICU type
(medical or surgical), admission period, severity at admission
measured by the SOFA score, quick SOFA (qSOFA) score,
mechanical ventilation use, renal replacement therapy use,
administration of vasopressors, RBC transfusion events and the
time-points of RBC transfusion, and vital status. Comorbidities
including diabetes mellitus, renal failure, liver disease, and
coagulopathy were identified on the basis of the recorded
International Classification of Diseases, Ninth Revision codes.
For medication history, we reviewed medications that could
affect platelet function or cause abnormal coagulation test results
(e.g., aspirin, clopidogrel, and warfarin).

The exposure factor evaluated in our study was platelet
transfusion. If the patient did not receive a transfusion, the lowest
platelet count during the ICU stay was analyzed. If the patient
received a platelet transfusion, the lowest platelet count before
transfusion was used. For each platelet unit administered, we
recorded the date of transfusion, the dose, and the time from
platelet nadir to transfusion. If the patient received multiple
transfusion, analysis was limited to the first platelet transfusion.
Given that the majority of thrombocytopenia events occur within
10 days of sepsis onset, we selected 2 weeks as the cutoff time
for transfusion (15), which would also control for other common
causes of thrombocytopenia in ICU patients.

Outcomes
The primary outcomes measured were 28- and 90-day all-cause
mortalities. The secondary outcomes were RBC transfusion,
ICU-free days, and hospital-free days. ICU-free days were
defined as the number of days between the day of ICU discharge
and day 28 after study enrollment. This was defined as 0 if the
patient died before 28 days or if the patient remained in the
ICU for more than 28 days. We defined hospital-free days as
the number of days between the day of hospital discharge and
day 28 after ICU admission. RBC transfusion was considered
as a secondary outcome where the transfusion had to be
administered after the platelet transfusion (in patients who had
a platelet transfusion, but not for patients who did not have a
platelet transfusion).
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Statistical Analyses
We used a 1:1 propensity score-matching method without
replacement to match sepsis-associated thrombocytopenia
patients with similar baseline characteristics between the
platelet transfusion and non-platelet transfusion groups. The
caliper width was set to 0.25 standard deviations (SDs) of
the logit propensity score. To assess pre- and post-match
imbalances, standardized differences were estimated for all
baseline covariates. A standardized difference of <10% was
considered to indicate an adequate balance.

The end points of 28-day all-cause mortality, 90-day all-cause
mortality, and RBC transfusionweremodeled using a conditional
logistic regression. The endpoints of ICU- and hospital-free days
were analyzed using paired student-t test.

The supplementary table showed the differences in the
patients with missing lactate and patients without missing
lactate (see Supplementary Table 1). Missing values of lactate

were processed by two strategies: (1) conditional mean
interpolation, and (2) conversion of the lactate variable into
five possible categorical variables including (0.2), (2.4), (4.10),
>10, and missing values. The area under the receiver operating
characteristic curve (AUC) was the main factor used to evaluate
the model. The Akaike information criterion (AIC), Bayesian
information criterion, and pseudo R-squared values were also
used to compare different possible models and determine which
one had the best fit. The model including lactate showed
better performance than not containing (AUC 0.8416 vs. 0.8395;
AIC 3642.44 vs. 3656.84; Pseudo R-squared 0.27 vs. 0.26;
Supplementary Table 2).

To perform 1:1 propensity score matching, we estimated
each patient’s propensity to receive a platelet transfusion,
using a logistic regression model. To build this model, we
initially identified candidate variables [sex, age, race, ICU
type, infection site, platelet count, qSOFA score, SOFA score,

FIGURE 1 | Study population flow diagram. PLT, platelet; TTP, thrombotic thrombocytopenic purpura; HUS, hemolytic uremic syndrome; HIT, heparin-induced

thrombocytopenia; RBC, red blood cell.
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FIGURE 2 | Distribution of patients by platelet counts and the proportion of platelet transfusion on admission among septic patients with thrombocytopenia. (A) The

frequency distribution of the number of platelet counts, with the vertical dashed lines representing the mean platelet count for transfusion group (red) and not

transfusion group (blue), respectively. (B) Probability density distributions of platelet counts for transfusion group (red curves) and not transfusion group (blue curves).

diabetes mellitus, renal failure, liver disease, coagulopathy,
renal replacement therapy, mechanical ventilation, vasopressor
use, hemoglobin, lactate, international normalized ratio (INR),
creatinine, antiplatelet drug use, and warfarin use] on the
basis of their prior possibility of confounding the relationship
between platelet transfusion and our chosen end points
(see Supplementary Figure 1). We then used Hosmer and
Lemeshow’s purposeful selection approach to determine the
reserve variables (16).

Three sensitivity analyses were employed for the primary
outcomes: the first used a multivariable model for the full cohort
adjusting for all variables used in propensity score matching; the
second replaced the missing lactate values with the mean lactate
values, and the third only included patients who received platelet
transfusion within 1 day of platelet nadir.

All statistical analyses were performed using R version 4.0.3
(R foundation for Statistical Computing, Vienna, Australia).
We used R’s MatchIt package to carry out propensity score
matching (17).

RESULTS

A total of 15,726 patients who met the Sepsis-3 criteria were
admitted between 2001 and 2012. Patients were excluded if
they had improper platelet counts (n = 7,202); had active

hematological or autoimmune disorders (n = 288); died
within 48 h of admission to ICU (n = 245); were pregnant
or breastfeeding (n = 40); or had TTP, HUS, or HIT (n
= 34). Altogether, 146 patients who had received an RBC
transfusion before the platelet transfusion or showed a decrease
in hemoglobin levels of>20 g/L were also excluded. Eventually, a
total of 7,765 patients met the criteria. Among these, 681 patients
were administered platelet transfusion, and 7,084 patients were
not (Figure 1). The distributions of platelet count and density
among patients who received a transfusion and those who did
not are shown in Figure 2.

Before propensity-score matching, there were differences
between the two groups in several of the baseline characteristics
(Table 1). Patients who received platelet transfusion were
younger, had more comorbidities, and had more severe disease
(as determined by the SOFA score). With the use of propensity-
score matching, 6,407 non-transfused and four transfused
patients were excluded, leaving a matched cohort of 677 patients
in each group. The C-statistic for the model presented in
Supplementary Figure 2 was 0.8416. The details before and after
matching were summarized in Supplementary Figure 3 and the
standardized differences were<10.0% for all variables, indicating
only small differences between the two groups. The transfusion
mainly occurred within 1 day of the lowest platelet measurement
or the day of eligible for inclusion (Supplementary Figure 4) and
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TABLE 1 | Baseline characteristics of patients in the full cohort and propensity score matched groups.

Covariate Full cohort Matched cohort

Not Transfusion

(n = 7084)

Transfusion

(n = 681)

SMD (%) P-value Not transfusion

(n = 677)

Transfusion

(n = 677)

SMD (%) P-value

Male, n (%) 4,077 (57.60) 405 (59.50) 3.9 0.333 382 (56.40) 402 (59.40) 6.0 0.271

Age (years) 66.83 ± 15.87 62.02 ± 15.89 30.2 <0.001 62.04 ± 16.21 62.00 ± 15.88 0.3 0.963

White race, n (%) 5,130 (72.40) 489 (71.80) 1.4 0.734 489 (72.20) 485 (71.60) 1.3 0.809

ICU type, n (%)

SICU 2,555 (36.10) 324 (47.60) 23.5 <0.001 300 (44.30) 321 (47.40) 6.2 0.252

MICU 4,529 (63.90) 357 (52.40) 23.5 <0.001 377 (55.60) 356 (52.60) 6.2 0.252

Comorbidity

Diabetes mellitus, n (%) 2,124 (30.00) 127 (18.60) 26.7 <0.001 131 (19.40) 126 (18.60) 1.9 0.729

Renal failure, n (%) 1,704 (24.10) 78 (11.50) 33.4 <0.001 74 (10.90) 78 (11.50) 1.9 0.731

Liver disease, n (%) 950 (13.40) 152 (22.30) 23.4 <0.001 157 (23.20) 152 (22.50) 1.8 0.746

Coagulopathy, n (%) 771 (10.90) 190 (27.90) 44.1 <0.001 177 (26.10) 188 (27.80) 3.7 0.501

Laboratory examination

Platelet count (×1,000/µL) 91.54 ± 39.09 50.50 ± 31.50 115.6 <0.001 48.11 ± 32.26) 50.64 ± 31.52 7.9 0.145

INR 1.89 ± 1.58 2.16 ± 1.50 17.5 <0.001 2.05 ± 1.43 2.15 ± 1.50 6.6 0.233

Creatinine (mg/dL) 2.01 ± 1.65 1.87 ± 1.52 8.8 0.034 1.94 ± 1.57 1.87 ± 1.52 4.6 0.396

Hemoglobin (g/dL) 9.5 ± 2.04 8.5 ± 1.88 52.5 <0.001 8.61 ± 1.89 8.51 ± 1.87 5.4 0.324

Lactate, n (%) 48.0 <0.001 8.5 0.652

(0.2) 2,646 (37.40) 148 (21.70) 152 (22.50) 148 (21.90)

(2.4) 2,105 (29.70) 198 (29.10) 211 (31.20) 198 (29.20)

(4.10) 1,289 (18.20) 197 (28.90) 179 (26.40) 196 (29.00)

>10 173 (2.40) 65 (9.50) 54 (8.00) 63 (9.30)

Missing value 871 (12.30) 73 (10.70) 81 (12.00) 72 (10.60)

Infection site, n (%) 29.7 <0.001 3.5 0.938

Respiratory 2,728 (38.50) 298 (43.80) 287 (42.40) 297 (43.90)

Gastrointestinal 814 (11.50) 116 (17.00) 114 (16.80) 115 (17.00)

Urinary 1,725 (24.40) 94 (13.80) 99 (14.60) 94 (13.90)

Other 1,817 (25.60) 173 (25.40) 177 (26.10) 171 (25.30)

qSOFA score 1.99 ± 0.67 1.90 ± 0.61 13.9 0.001 1.89 ± 0.66 1.90 ± 0.61 1.4 0.798

SOFA score 6.84 ± 3.12 8.82 ± 3.61 58.8 <0.001 8.69 ± 3.80 8.81 ± 3.61 3.2 0.553

Treatment

Renal replacement therapy, n (%) 625 (8.80) 62 (9.10) 1.0 0.805 74 (10.90) 61 (9.00) 6.4 0.238

Mechanical ventilation, n (%) 3,838 (54.20) 472 (69.30) 31.5 <0.001 460 (67.90) 469 (69.30) 2.9 0.598

Vasopressor use, n (%) 2,367 (33.70) 272 (39.90) 12.9 0.001 271 (40.00) 269 (39.70) 0.6 0.912

Antiplatelet drug use, n (%) 3,168 (44.70) 189 (27.80) 35.9 <0.001 189 (27.90) 189 (27.90) 0.1 1.000

Warfarin use, n (%) 1,468 (20.70) 69 (10.10) 29.6 <0.001 64 (9.50) 69 (10.20) 2.5 0.648

Results expressed as mean ± standard deviation, n (%), and p-value was generated by T-test or chi-square method between the two groups. Of 7765 patients in the full cohort,

479 (6.2%) had missing information on INR, 2 patients had missing information on hemoglobin. SICU, surgical intensive care unit; MICU, medical intensive care unit; INR, International

Normalized Ratio; qSOFA, quick Sequential Organ Failure Assessment; SOFA, Sepsis-related Organ Failure Assessment.

the most of transfused patients received two units of platelets
during their hospital stay (Supplementary Figure 5).

The primary and secondary outcomes of the propensity-
matched analysis are displayed in Table 2. The adjusted 28- [36.9
vs. 30.4%, odds ratio (OR), 1.21; 95% confidence interval (CI),
1.01–1.46; p = 0.039] and 90-day (50.8 vs. 44.6%, OR, 1.13; 95%
CI, 1.00–1.31; p = 0.048) all-cause mortality rates in the platelet
transfusion group were higher than those in the no transfusion
group. The rates of RBC transfusion (30.7 vs. 26.7%) were
not significantly different between the two groups (p = 0.149).

Regarding other secondary outcomes, the mean number of ICU-
free days was significantly lower in the transfusion group than in
the non-transfusion group (15.88 ± 8.97 vs. 18.64 ± 8.33 days, p
< 0.001); themean number of hospital-free days was significantly
lower in the transfusion group than in the non-transfusion group
(10.29± 8.49 vs. 11.43± 8.85 days, p= 0.017).

Figure 3 presents the results of the stratified analysis.
Similar results was observed in each subgroup according
to ICU type, infection site, renal failure, coagulopathy,
mechanical ventilation, vasopressor use, liver disease. In
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TABLE 2 | Primary and secondary outcomes in the propensity score matched cohort.

Not transfusion (n = 677) Transfusion (n = 677) OR or mean difference (95%CI) P-value

Primary outcome

28-day mortality, n (%) 206 (30.4) 250 (36.9) 1.21 (1.01, 1.46) 0.039a

90-day mortality, n (%) 302 (44.6) 344 (50.8) 1.13 (1.00, 1.31) 0.048a

Secondary outcome

RBC Transfusion, n (%) 181 (26.7) 208 (30.7) 1.15 (0.94, 1.40) 0.149a

ICU-free daysc, mean ± SD 18.64 ± 8.33 15.88 ± 8.97 −2.76 (−3.68 to −1.85) <0.001b

Hospital-free daysc, mean ± SD 11.43 ± 8.85 10.29 ± 8.49 −1.14 (−2.07 to −0.20) 0.017b

aEstimate and p-value comes from conditional logistic regression analysis. bEstimate and p-value comes from paired student-t test. c ICU-and hospital-free days at Day 28. RBC, red

blood cell; OR, odd ratio.

different platelet count group, results showed a different
trend (<20,000 vs. ≥50,000/µL, P for interaction <0.001). In
addition, the results from the three sensitivity analyses were
presented in Supplementary Tables 3–5. It was consistent
with our main conclusion that ICU patients with sepsis and
thrombocytopenia who did not receive platelet transfusion
showed better clinical outcomes.

DISCUSSION

Results from our study did not show a mortality benefit from
platelet transfusion among 7,765 patients with sepsis in the
MIMIC-III Critical Care database and in the 677 pairs of
patients who were included after propensity score matching. In
addition, patients treated with platelet transfusion had fewer
ICU- and hospital-free days. Importantly, this study provides
valuable evidence for the current sepsis guidelines, which
recommends platelet transfusion on the basis of trials in patients
with chemotherapy-induced thrombocytopenia (1). This study’s
findings support that platelet transfusion may not be necessary
for patients with sepsis, irrespective of ICU type, infection site,
and platelet count.

Platelets play a unique pathophysiological role in the human
body, contributing to thrombosis and hemostasis, participating
in the inflammatory response, enhancing endothelial barrier
function, and promoting tissue regeneration for wound healing
(18–20). In sepsis, thrombocytopenia can result from multiple
causes, including hypersplenism, bone marrow failure, use of
heparin or other drugs, and hemodilution (21, 22). A consensus
has been reached that decreased platelet counts are associated
with a poor prognosis in patients with sepsis (23). Sepsis-
associated coagulopathy, with increased risks of major bleeding
and mortality, is characterized by a prolonged prothrombin/INR
time and reduced platelet counts (24).

In theory, platelet transfusion can treat thrombocytopenia and
improve body function; this would support the argument for a
liberal transfusion strategy in patients with thrombocytopenia. At
present, study data suggest that the results of platelet transfusion
have not been as expected. In the randomized trial by Curley
et al. patients who received prophylactic platelet transfusion at
higher thresholds (25,000 vs. 50,000/µL) had a higher mortality
risk (25). In contrast, a retrospective study in China showed a

reduction in mortality in patients with platelet counts between
30,000 and 49,000/µL who received transfusion compared to
that in patients with platelet counts <30,000/µL (26). In a
multicenter prospective cohort study, the total platelet dose
transfused was independently associated with increased ICU
morbidity and mortality (27). Our findings were concordant
with the prior study which described ICU patients with sepsis-
associated thrombocytopenia undergoing platelet transfusion
that showed an increase in 28-day all-cause mortality, regardless
of the platelet threshold (13).

Most previous research has focused on pediatric, critically
ill, surgical, and hematological malignancy patients (11, 25, 26).
We noted additional results from a large transfusion registry
database, incorporating only a small proportion of sepsis patients
and not exploring the effect of platelet transfusion on mortality
(28). In a randomized superiority study of 372 patients with
dengue fever, prophylactic platelet transfusion demonstrated no
advantage over supportive care in preventing bleeding and may
have been associated with adverse events (29). Unfortunately,
there was no mention of whether the participants met the sepsis
criteria. Additional research is needed to assess the effects of
platelet transfusion in sepsis patients.

One retrospective study reported increasing platelet counts
could improve survival and reduce mortality; however, this
intervention used recombinant human thrombopoietin rather
than platelet transfusion (5). Our study reached the opposite
conclusion in patients who received platelet transfusion.
Increasing the platelet count alone may improve the prognosis,
but platelet transfusion may not the best method to correct
depressed platelet counts (6).

Platelet transfusion not only fail to reduce mortality
but also fail to reduce the incidence of bleeding. Two
randomized controlled studies found no improvement in
bleeding outcomes when thrombocytopenia was corrected before
invasive procedures (30, 31). The PLADO trial suggested that
platelet transfusion did not change bleeding outcomes even on
the day of bleeding (32). Moreover, a retrospective analysis
of data collected from a double-blind placebo-controlled trial
of patients undergoing coronary artery bypass grafting showed
that patients who received platelet transfusion experienced
more bleeding events than those who did not receive platelet
transfusion (33).
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FIGURE 3 | Forest Plot of 28-day mortality according to subgroup in the propensity score matched cohort. Data are shown as the number of 28-day mortality events

per total number of patients in that subgroup. Forest plot was used to illustrate the results of multivariate logistic regression analysis according to various subgroups. A

Odd Ratio of more than 1.00 indicates a higher risk of death with transfusion group than those with not transfusion. *Interaction analyses were conducted according

to platelet group. <20,000/µL vs. 20,000–50,000/µL, P for interaction = 0.155; <20,000/µL vs. ≥50,000/µL, P for interaction < 0.001; 20,000–50,000/µL vs.

≥50,000/µL, P for interaction = 0.055. CI, confidence interval.

The adverse prognosis due to platelet transfusion must be
interpreted with caution, as patients who receive transfusion
often have severe disease, and this confounding cannot be
eliminated. Currently, increasing evidence relates transfusion
to a higher risk of death; possible mechanisms might involve
excessive volume load, adult acute respiratory distress syndrome,
and transfusion reactions. Additional potential hazards include
an increased risk of infection or thrombosis, exacerbation of
immune dysfunction, and platelet-monocyte aggregation (9, 10,

12, 13). During sepsis, the coagulation system is activated, and
the anticoagulation and fibrinolytic systems are inhibited, which
promotes microthrombus formation and leads to microvascular
dysfunction (34, 35). In the lower platelet count group,
where coagulation activation is more active, platelet transfusion
may further exacerbate thrombosis and lead to microvascular
occlusion of tissues and organs, resulting in organ damage (36).

This study has several strengths. First, the MIMIC-III dataset
contains detailed clinical information, which allowed us to
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analyse many confounding variables for optimal matching.
The second strength is the completeness of the data, with
missing values in fewer than 1% of variables. Lactate had
the most missing values (12.31%), but we obtained robust
results by creating dummy variables and using mean value
imputation. Third, the characteristics of the patients and their
outcomes were similar to those observed in a larger study
involving patients with sepsis in the ICU, suggesting the patients
in our dataset are fairly representative of the target ICU
population (37).

Several limitations should also be considered when
interpreting our results. As with all retrospective studies, our
study is subject to unidentified and uncorrected confounding.

However, we used propensity score matching, an accessible and

valuable tool, to minimize the impact of baseline differences
and to balance patients with respect to the possibility of

unmeasured confounding. Owing to missing the information of
time-dependent covariates in determining platelet transfusion

such as bleeding events and coagulation abnormalities, we
failed to use time-dependent propensity score method to
adjust in this study. Second, we were unable to review the
appropriateness of the indication for transfusion since the
basis for a physician’s decision was not documented. Despite
this, we constructed a logistic regression model using platelet
transfusion as the dependent variable and obtained a larger
area under the curve. Third, the reasons for administering
platelet transfusion were unclear. However, we believe
that our study population fulfilled the real-world clinical
scenario of platelet transfusion in patients with sepsis with
thrombocytopenia based on the inclusion and exclusion
criteria. Fourthly, this study lacked information regarding
the temporal association between platelet transfusion and
significant bleeding, resulting in an inability to identify bleeding
events objectively. Hence, we selected RBC transfusion as a
substitute variable for major bleeding. Finally, since this was
a retrospective cohort study, no causation can be shown,
and further randomized controlled trials of high quality are
needed to examine the role of platelet transfusion in sepsis
with thrombocytopenia.

CONCLUSION

ICU patients with sepsis and thrombocytopenia who underwent
platelet transfusion had higher all-cause mortality at 28- and 90-
days and fewer ICU- or hospital-free days than those who did not
undergo platelet transfusion. RBC transfusion rates were similar
between the two groups. Despite this, high quality randomized
controlled trials are needed to validate our ideas.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://mimic.mit.edu/.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

YC conceived of the study, participated in its design and
coordination and helped to review the manuscript. SH
participated in the design of the study, performed the statistical
analysis, and revised the manuscript. CF participated in
collection and assembly of data, participated in the statistical
analysis, and drafted the manuscript. JM participated in the
assembly of data, statistical analysis, and drafted the manuscript.
CT participated in collection and assembly of data and drafted the
manuscript. All authors read and approved the final manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.830177/full#supplementary-material

REFERENCES

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer

M, et al. The third international consensus definitions for sepsis and septic

shock (Sepsis-3). JAMA. (2016) 315:801–10. doi: 10.1001/jama.2016.0287

2. Vincent JL, Marshall JC, Namendys-Silva SA, François B, Martin-Loeches I,

Lipman J, et al. Assessment of the worldwide burden of critical illness: the

intensive care over nations (ICON) audit. Lancet Respir Med. (2014) 2:380–6.

doi: 10.1016/S2213-2600(14)70061-X

3. 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) 35:874–80. doi: 10.1177/0310057X0703500604

4. Jonsson AB, Rygard SL, Hildebrandt T, Perner A, Moller MH, Russell L.

Thrombocytopenia in intensive care unit patients: a scoping review. Acta

Anaesthesiol Scand. (2021) 65:2–14. doi: 10.1111/aas.13699

5. Zhou Z, Feng T, Xie Y, Zhang X, Du J, Tian R, et al. Prognosis and rescue

therapy for sepsis-related severe thrombocytopenia in critically ill patients.

Cytokine. (2020) 136:155227. doi: 10.1016/j.cyto.2020.155227

6. Lin J, Zhu H, Li S, Fan H, Lu X. Recombinant human thrombopoietin

alleviates infection-associated thrombocytopenia: a retrospective

study in senile patients. Clin Appl Thromb Hemost. (2015) 21:19–24.

doi: 10.1177/1076029613487429

7. O’bryan LJ, Bedford J, Redfern OC, Hatch RA, Young JD, Watkinson PJ.

Prophylactic use of platelets in critically ill patients with thrombocytopaenia:

a retrospective two-centre observational study. J Crit Care. (2020) 57:157–67.

doi: 10.1016/j.jcrc.2020.03.003

8. Arnold DM, Crowther MA, Cook RJ, Sigouin C, Heddle NM, Molnar

L, et al. Utilization of platelet transfusions in the intensive care unit:

indications, transfusion triggers, and platelet count responses. Transfusion.

(2006) 46:1286–91. doi: 10.1111/j.1537-2995.2006.00892.x

9. Engele LJ, Straat M, Van Rooijen IHM, De Vooght KMK, Cremer OL, Schultz

M J, et al. Transfusion of platelets, but not of red blood cells, is independently

associated with nosocomial infections in the critically ill. Ann Intensive Care.

(2016) 6:67. doi: 10.1186/s13613-016-0173-1

10. Aubron C, Flint AW, Bailey M, Pilcher D, Cheng AC, Hegarty C, et al. Is

platelet transfusion associated with hospital-acquired infections in critically

ill patients? Crit Care. (2017) 21:2. doi: 10.1186/s13054-016-1593-x

Frontiers in Medicine | www.frontiersin.org 8 February 2022 | Volume 9 | Article 830177

https://mimic.mit.edu/
https://www.frontiersin.org/articles/10.3389/fmed.2022.830177/full#supplementary-material
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/S2213-2600(14)70061-X
https://doi.org/10.1177/0310057X0703500604
https://doi.org/10.1111/aas.13699
https://doi.org/10.1016/j.cyto.2020.155227
https://doi.org/10.1177/1076029613487429
https://doi.org/10.1016/j.jcrc.2020.03.003
https://doi.org/10.1111/j.1537-2995.2006.00892.x
https://doi.org/10.1186/s13613-016-0173-1
https://doi.org/10.1186/s13054-016-1593-x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


He et al. Platelet Transfusion in Sepsis Patients

11. Salman SS, Fernández Pérez ER, Stubbs JR, Gajic O. The practice of platelet

transfusion in the intensive care unit. J Intensive Care Med. (2007) 22:105–10.

doi: 10.1177/0885066606297969

12. Von Meijenfeldt FA, Van Den Boom BP, Adelmeijer J, Roberts LN, Lisman

T, Bernal W. Prophylactic fresh frozen plasma and platelet transfusion have a

prothrombotic effect in patients with liver disease. J Thromb Haemost. (2021)

19:664–76. doi: 10.1111/jth.15185

13. Schmidt AE, Henrichs KF, Kirkley SA, Refaai MA, Blumberg N.

Prophylactic preprocedure platelet transfusion is associated with increased

risk of thrombosis and mortality. Am J Clin Pathol. (2017) 149:87–94.

doi: 10.1093/ajcp/aqx151

14. Johnson AE, Pollard TJ, Shen L, Lehman LW, Feng M, Ghassemi M, et al.

MIMIC-III, a freely accessible critical care database. Sci Data. (2016) 3:160035.

doi: 10.1038/sdata.2016.35

15. Nijsten MW, Ten Duis HJ, Zijlstra JG, Porte RJ, Zwaveling JH, Paling

JC, et al. Blunted rise in platelet count in critically ill patients is

associated with worse outcome. Crit Care Med. (2000) 28:3843–6.

doi: 10.1097/00003246-200012000-00017

16. Melamed A, Margul DJ, Chen L, Keating NL, Del Carmen MG, Yang J, et al.

Survival after minimally invasive radical hysterectomy for early-stage cervical

cancer. N Engl J Med. (2018) 379:1905–14. doi: 10.1056/nejmoa1804923

17. Ho D, Imai K, King G, Stuart EA. MatchIt: nonparametric preprocessing

for parametric causal inference. J Stat Software. (2011) 42:28.

doi: 10.18637/jss.v042.i08

18. Sreeramkumar V, Adrover JM, Ballesteros I, Cuartero M, Rossaint J, Bilbao I,

et al. Neutrophils scan for activated platelets to initiate inflammation. Science.

(2014) 346:1234–8. doi: 10.1126/science.1256478

19. Cedervall J, Hamidi A, Olsson AK. Platelets, NETs and cancer. Thromb Res.

(2018) 164(Suppl. 1):S148–52. doi: 10.1016/j.thromres.2018.01.049

20. Jenne CN, Kubes P. Platelets in inflammation and infection. Platelets. (2015)

26:286–92. doi: 10.3109/09537104.2015.1010441

21. Semeraro F, ColucciM, Caironi P,Masson S, Ammollo CT, Teli R, et al. Platelet

drop and fibrinolytic shutdown in patients with sepsis. Crit Care Med. (2018)

46:e221–8. doi: 10.1097/ccm.0000000000002919

22. Bedet A, Razazi K, Boissier F, Surenaud M, Hue S, Giraudier S,

et al. Mechanisms of thrombocytopenia during septic shock: a multiplex

cluster analysis of endogenous sepsis mediators. Shock. (2018) 49:641–8.

doi: 10.1097/shk.0000000000001015

23. Solves Alcaina P. Platelet transfusion: and update on challenges and outcomes.

J Blood Med. (2020) 11:19–26. doi: 10.2147/jbm.s234374

24. Ghimire S, Ravi S, Budhathoki R, Arjyal L, Hamal S, Bista A, et al. Current

understanding and future implications of sepsis-induced thrombocytopenia.

Eur J Haematol. (2021) 106:301–5. doi: 10.1111/ejh.13549

25. Curley A, Stanworth SJ, Willoughby K, Fustolo-Gunnink SF, Venkatesh

V, Hudson C, et al. Randomized trial of platelet-transfusion thresholds in

neonates. N Engl J Med. (2019) 380:242–51. doi: 10.1056/nejmoa1807320

26. Zhang MK, Xu TQ, Zhang XJ, Rao ZG, He XX, Wu MQ, et al.

Thrombocytopenia in 737 adult intensive care unit patients: a real-world study

of associated factors, drugs, platelet transfusion, and clinical outcome. SAGE

Open Med. (2020) 8:2050312120958908. doi: 10.1177/2050312120958908

27. Nellis ME, Karam O, Mauer E, Cushing MM, Davis PJ, Steiner ME, et al.

Platelet transfusion practices in critically ill children. Crit Care Med. (2018)

46:1309–17. doi: 10.1097/ccm.0000000000003192

28. Ning S, Barty R, Liu Y, Heddle NM, Rochwerg B, Arnold DM. Platelet

transfusion practices in the ICU: data from a large transfusion registry. Chest.

(2016) 150:516–23. doi: 10.1016/j.chest.2016.04.004

29. Lye DC, Archuleta S, Syed-Omar SF, Low JG, Oh HM, Wei Y, et al.

Prophylactic platelet transfusion plus supportive care versus supportive

care alone in adults with dengue and thrombocytopenia: a multicentre,

open-label, randomised, superiority trial. Lancet. (2017) 389:1611–8.

doi: 10.1016/s0140-6736(17)30269-6

30. Van De Weerdt EK, Biemond BJ, Zeerleder SS, Van Lienden KP,

Binnekade JM, Vlaar APJ. Prophylactic platelet transfusion prior to

central venous catheter placement in patients with thrombocytopenia:

study protocol for a randomised controlled trial. Trials. (2018) 19:127.

doi: 10.1186/s13063-018-2480-3

31. Veelo DP, Vlaar AP, Dongelmans DA, Binnekade JM, Levi M,

Paulus F, et al. Correction of subclinical coagulation disorders before

percutaneous dilatational tracheotomy. Blood Transfus. (2012) 10:213–20.

doi: 10.2450/2012.0086-11

32. Uhl L, Assmann SF, Hamza TH, Harrison RW, Gernsheimer T, Slichter

SJ. Laboratory predictors of bleeding and the effect of platelet and RBC

transfusions on bleeding outcomes in the PLADO trial. Blood. (2017)

130:1247–58. doi: 10.1182/blood-2017-01-757930

33. Spiess BD, Royston D, Levy JH, Fitch J, Dietrich W, Body S, et al.

Platelet transfusions during coronary artery bypass graft surgery are

associated with serious adverse outcomes. Transfusion. (2004) 44:1143–8.

doi: 10.1111/j.1537-2995.2004.03322.x

34. Iba T, Levy JH. Inflammation and thrombosis: roles of neutrophils,

platelets and endothelial cells and their interactions in thrombus formation

during sepsis. J Thromb Haemost. (2018) 16:231–41. doi: 10.1111/

jth.13911

35. Okamoto K, Tamura T, Sawatsubashi Y. Sepsis and disseminated intravascular

coagulation. J Intensive Care. (2016) 4:23. doi: 10.1186/s40560-016-

0149-0

36. ZhouW, Fan C, He S, Chen Y, Xie C. Impact of platelet transfusion thresholds

on outcomes of patients with sepsis: analysis of the MIMIC-IV database.

Shock. (2021). doi: 10.1097/SHK.0000000000001898. [Epub ahead of print].

37. Raith EP, Udy AA, Bailey M, Mcgloughlin S, Macisaac C, Bellomo R, et al.

Prognostic accuracy of the SOFA score, SIRS criteria, and qSOFA score

for in-hospital mortality among adults with suspected infection admitted

to the intensive care unit. JAMA. (2017) 317:290–300. doi: 10.1001/jama.

2016.20328

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 He, Fan, Ma, Tang and Chen. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 9 February 2022 | Volume 9 | Article 830177

https://doi.org/10.1177/0885066606297969
https://doi.org/10.1111/jth.15185
https://doi.org/10.1093/ajcp/aqx151
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1097/00003246-200012000-00017
https://doi.org/10.1056/nejmoa1804923
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.1126/science.1256478
https://doi.org/10.1016/j.thromres.2018.01.049
https://doi.org/10.3109/09537104.2015.1010441
https://doi.org/10.1097/ccm.0000000000002919
https://doi.org/10.1097/shk.0000000000001015
https://doi.org/10.2147/jbm.s234374
https://doi.org/10.1111/ejh.13549
https://doi.org/10.1056/nejmoa1807320
https://doi.org/10.1177/2050312120958908
https://doi.org/10.1097/ccm.0000000000003192
https://doi.org/10.1016/j.chest.2016.04.004
https://doi.org/10.1016/s0140-6736(17)30269-6
https://doi.org/10.1186/s13063-018-2480-3
https://doi.org/10.2450/2012.0086-11
https://doi.org/10.1182/blood-2017-01-757930
https://doi.org/10.1111/j.1537-2995.2004.03322.x
https://doi.org/10.1111/jth.13911
https://doi.org/10.1186/s40560-016-0149-0
https://doi.org/10.1097/SHK.0000000000001898
https://doi.org/10.1001/jama.2016.20328
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Platelet Transfusion in Patients With Sepsis and Thrombocytopenia: A Propensity Score-Matched Analysis Using a Large ICU Database
	Introduction
	Materials and Methods
	Study Design
	Selection of Participants
	Variable Extraction
	Outcomes
	Statistical Analyses

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


