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Abstract
Background

Thrombocytopenia is a common feature of sepsis or septic shock, but few meta-analyses have speci�cally evaluated prognostic importance of
thrombocytopenia in patients with sepsis or septic shock. The objective of this meta-analysis was to evaluate the prognosis of thrombocytopenia in critically
ill patients with sepsis or septic shock.

Methods

We searched the PubMed, Cochrane, and Embase databases for studies from inception to the 30th of November 2019. Prospective or retrospective cohort
studies comparing thrombocytopenia to no thrombocytopenia in critically ill patients with sepsis or septic shock were included. All authors reported our
primary outcome of short-term mortality(de�ned as ICU or 48-hour mortality) with clinically relevant secondary outcomes(ICU length of stay, rate of AKI, rate of
mechanical ventilation). Results were expressed as odds ratio (OR) and mean difference (MD) with accompanying 95% con�dence interval (CI).

Results

Seven studies including 4243 patients were included. The results of this meta-analysis showed that the short-term mortality of thrombocytopenia group was
higher than that of the no thrombocytopenia group (odds ratio [OR]=2.01;95% CI, 1.73-2.33; P<0.00001; I2=78%).In addition, compared with no
thrombocytopenia group, thrombocytopenia group showed higher rate of AKI(odds ratio [OR]=1.31;95% CI, 1.03-1.66; P=0.03 I2=65%) and longer ICU length of
stay(Mean difference=1.31;95% CI, 0.66-1.96; P<0.0001; I2=50%). There was no statistically signi�cant difference in the rate of mechanical ventilation
between 2 groups (odds ratio [OR]=1.24;95% CI, 0.82-1.88; P=0.30; I2=0%).

Conclusions

Thrombocytopenia was associated with increased short-term mortality, ICU length of stay and rate of AKI in critically ill patients with sepsis or septic shock.
The analysis of secondary outcomes showed no signi�cant difference in the rate of mechanical ventilation between the two groups. Further randomized
controlled studies of thrombocytopenia are still required.

1. Background
Thrombocytopenia is generally de�ned as platelet counts < 150 × 109/L and represents a common laboratory �nding in intensive care unit (ICU) patients[1].
The severity of thrombocytopenia was further classi�ed as mild (< 150 × 109/L), moderate (< 100 × 109/L),severe (< 50 × 109/L), and very severe (< 20 × 
109/L),on the basis of the nadir platelet count[2]. Up to 50% of patients present with thrombocytopenia at some time point of their ICU stay, and 5–20%
develop severe thrombocytopenia. Many studies tried to identify consequential risk factors for the development of thrombocytopenia in the ICU. Sepsis was
found to be the most common risk factor in several studies [3–6].

Sepsis is de�ned as life-threatening organ dysfunction caused by a dysregulated host response to infection. Patients with septic shock can be identi�ed with a
clinical construct of sepsis with persisting hypotension requiring vasopressors to maintain mean arterial pressure(MAP) ≥ 65 mm Hg and having a serum
lactate level > 2 mmol/L (18 mg/dL) despite adequate volume resuscitation[7]. The mechanisms contributing to thrombocytopenia in the ICU include the
following: (1) pseudothrombocytopenia, (2) hemodilution,(3) platelet consumption, (4) decreased platelet production, (5)increased sequestration of platelets,
and (6) immune-mediated destruction of platelets[8]. In the individual thrombocytopenic ICU patient, often more than one of these mechanisms is responsible
for the low platelet count; for example, thrombocytopenia in sepsis results from decreased production as well as increased consumption and destruction of
platelets[9–10].

A low platelet count has been associated with mortality in patients admitted to the ICU[11–13].Current knowledge of the relation between platelet counts and
ICU outcome is mainly based on heterogeneous populations of critically ill medical, surgical, and trauma patients. Some studies focusing on critically ill
patients with sepsis or septic shock also reported an association between thrombocytopenia and mortality; however, this relation was not con�rmed in a larger
investigation. There have been few meta-analyses to establish a relationship between thrombocytopenia and prognosis in patients with sepsis or septic
shock. For this, we conducted a meta-analysis, which extracted results from published studies to evaluate the prognosis of thrombocytopenia in critically ill
patients with sepsis or septic shock.

2. Methods
This systematic review and meta-analysis is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [14].Ethical approval was not necessary for this study because it was a review of the published literature.

2.1. Search strategy
We searched the PubMed, Cochrane, and Embase databases for studies from inception to the 30th of November 2019 using the following search terms:
thrombocytopenia, blood platelets, thrombocyte, sepsis, septic shock, critically ill patients. The search was slightly adjusted according to the requirements of
the different databases. The authors’ personal �les and reference lists of relevant review articles were also reviewed. The �ow chart of the search strategies is
summarized in Fig. 1.
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2.2. Types of outcome measures
The primary outcome was short-term mortality, short-term mortality included ICU mortality and 48-hour mortality. Secondary outcomes were ICU length of stay,
rate of mechanical ventilation and rate of acute kidney injury(AKI).Weighted means were calculated based on the number of patients in each study.

2.3. Study selection
The inclusion criteria were as follows: (1) adult critically ill patients (≥ 18 years old);

(2) prospective or retrospective cohort studies;(3)clearly comparing thrombocytopenia versus no thrombocytopenia with effect on short-term mortality and
clinically relevant secondary outcomes. We excluded studies without clear comparisons of the outcomes. In addition, we excluded studies about pediatrics.

2.4. Quality assessment
Two reviewers (YL and HL) independently performed quality assessment using the Newcastle-Ottawa scale(NOS)[15], which allocates a maximum of 9 points
according to the quality of the selection, comparability, and outcomes of the study populations. Study quality was de�ned as poor (0–3), fair (4–6),or good
(7–9). The quality of the included studies is presented in Table 1.

Table 1
Quality of the included studies(The Newcastle-Ottawa Scale)

  Selection Comparability Outcome  

Study Representativeness
of the exposed
cohort

Selection
of the
non
exposed
cohort

Ascertainment
of exposure

Demonstration
that outcome
of interest was
not present at
start of study

Comparability
of cohorts on
the basis of
the design or
analysis

Assessment
of outcome

Was
follow-up
long
enough
for
outcomes
to occur

Adequacy
of follow
up of
cohorts

Total
Score

Gafter-Gvili
2011

- 8

Venkata 2013 9

Thiery-Antier
2016

- 8

Burunsuzoğlu
2016

9

Tsirigotis
2016

9

Claushuis
2016

- 8

Bedet 2018 9

2.5. Statistical analysis
Statistical analyses were performed using Review Manager Version 5.3(RevMan, The Cochrane Collaboration, Oxford, United Kingdom). Odds ratio (OR) with
95% con�dence intervals (CI) was calculated for dichotomous variables. As to the continuous variables, mean difference (MD) and 95% CI was estimated as
the effect result. A random-effects model was used to pool studies with signi�cant heterogeneity, as determined by the chi-squared test (P < 0.10) and
inconsistency index (I2 ≥ 50%)[16]. Some of the selected continuous variables were represented by the median (interquartile range). We calculated their mean
and standard deviation according to the sample size with an calculator[17], and then performed meta-analysis. A P-value < 0.05 was set as the threshold of
statistical signi�cance.

3. Result

3.1. Study characteristics
The search strategy identi�ed 2820 studies, and the data were from 7 studies comprising 4243 patients (Table 2)[18–24]. The characteristics of the included
studies are shown in Table 2. A total of 7 eligible studies were published between 2011 and 2018. Among these studies, 2 studies were conducted in France, 1
study was conducted in Isreal, 1 study was conducted in USA, 1 study was conducted in Turkey, 1 study was conducted in Greece, 1 study was conducted in
The Netherlands. Of these studies, two of the studies were multi-center studies [20, 23], and �ve were single-center studies[18, 19, 21, 22, 24].
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Table 2
The basic characteristics of studies included in meta-analysis

Author Year Country Study period Study design No. of patients

          Total Thrombocytopenia No
Thrombocytopenia

Gafter-Gvili [18] 2011 Isreal 1999.01-
2007.12

Single center, retrospective cohort
study

1052 235 817

Venkata [19] 2013 USA 2007.12-
2009.01

Single center, retrospective cohort
study

304 145 159

Thiery-Antier
[20]

2016 France 2009.11-
2011.09

Multicenter,
prospective cohort study

1486 720 766

Burunsuzoğlu
[21]

2016 Turkey 2012.01-
2012.12

Single center, retrospective cohort
study

307 67 240

Tsirigotis [22]
Claushuis [23]
Bedet [24]

2016
2016
2018

Greece
The
Netherlands
France

2009.10-
2012.09
2011.01-
2013.07
2010.11-
2013.03

Single center,
prospective cohort study
Multicenter,
prospective cohort study
Single center, prospective cohort
study

105
929
60

56
349
33

49
580
27

3.2. Primary outcome
A total of 7 studies including 4243 patients were included, and the short-term mortality was about 25.0% (573/1605 in the thrombocytopenia group and
487/2638 in the no thrombocytopenia group). The short-term mortality of thrombocytopenia group was higher than that of the no thrombocytopenia group
(odds ratio [OR] = 2.01;95% CI, 1.73–2.33; P < 0.00001;Chi2 = 26.86; I2 = 78%) (Fig. 2). A funnel plot was used to assess the publication bias(Fig. 3).

3.3. Secondary outcomes

3.3.1. Rate of mechanical ventilation.
Three of included studies were analyzed to assess the rate of mechanical ventilation. There was no statistically signi�cant difference in the rate of
mechanical ventilation between 2 groups (odds ratio [OR] = 1.24;95% CI, 0.82–1.88; P = 0.30;Chi2 = 1.70; I2 = 0%) (Fig. 4).

3.3.2. Rate of AKI.
Three of included studies were analyzed to assess the rate of AKI. The rate of AKI of thrombocytopenia group was higher than that of the no
thrombocytopenia group(odds ratio [OR] = 1.31;95% CI, 1.03–1.66; P = 0.03;Chi2 = 5.71; I2 = 65%) (Fig. 5).

3.3.3. ICU length of stay.
Three of included studies were analyzed to assess the ICU length of stay. The ICU length of stay of thrombocytopenia group was longer than that of the no
thrombocytopenia group(Mean difference = 1.31;95% CI, 0.66–1.96; P < 0.0001;Chi2 = 3.98; I2 = 50%) (Fig. 6).

4. Discussion
This systematic review and meta-analysis of seven unique studies including 4243 patients compared thrombocytopenia and no thrombocytopenia in critically
ill patients with sepsis or septic shock. We found that the overall short-term mortality was about 25.0% and there was signi�cant difference of short-term
mortality between two groups.

Thrombocytopenia is common among patients with sepsis admitted to the ICU and has prognostic importance. Patients with thrombocytopenia tend to be
sicker and are more likely to develop major bleeding episodes. Patients with thrombocytopenia had signi�cant morbidity as evidenced by higher incidence of
AKI and longer ICU stay, compared to the patients who did not develop thrombocytopenia. Among patients who developed thrombocytopenia, non-resolution
of thrombocytopenia was associated with increased mortality. The association between non-resolution of thrombocytopenia and 28-day mortality remained
signi�cant after adjusting for age, APACHE III score, and compliance with sepsis resuscitation bundle[23].

Sepsis accounts for about 50% of all thrombocytopenia in the severely ill[9].The mechanisms leading to thrombocytopenia associated with sepsis are
multifactorial and complex and include decreased platelet production, increased platelet consumption, and sequestration, frequently by
hemophagocytosis[3].Enhanced platelet consumption results from ongoing thrombin generation and increased adhesion of platelets to endothelial cells[25].In
critically ill septic patients, thrombocytopenia is associated with a dysregulated host response and it indicates poor prognosis in patients with septic
shock[18]. Thrombocytopenia appears to be an early marker and not a causative factor for increased mortality as apparent by the low bleeding incidence in
previous study patients[26]. It appears that thrombocytopenia is a manifestation of the severity of underlying septic process, which contributes to increased
mortality.
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Platelet-count determination is easy, rapid, overall available, and less expensive compared to other laboratory tests such as procalcitonin level
determinations[27]. Thrombocytopenia in critically ill patients is a marker of disease severity. Various studies have shown that patients with low platelet
counts have higher APACHE II scores and increased hospital mortality as compared with patients with normal platelet counts[28–30]. Traditionally the
thrombocytopenia that can occur in septic shock was assumed to re�ect a decreased production of platelets [31], so called “marrow failure”. Indeed bone
marrow suppression may be a factor in some septic patients [32].

Platelets have a crucial role in coagulation and hemostasis [33].More precisely, they are likely to play a major role in disseminated intravascular coagulation
(DIC) pathophysiology, along with endothelial and leukocyte activation [34]. DIC is indeed a classic cause of thrombocytopenia in septic shock patients [35,
36]. The increased mortality in septic thrombocytopenic patients could, thus, be explained by increased serious thrombotic complications and platelet
consumption re�ected by thrombocytopenia or an increased bleeding frequency/severity.

This meta-analysis is associated with several limitations. First, the number of included studies is small. Further randomized clinical trials should be conducted
in order to assess whether or not thrombocytopenia in critically ill patients with sepsis or septic shock is associated with higher short-term mortality. Second,
many of the secondary outcomes such as ICU length of stay or rate of AKI were not included in all of the studies examined in this meta-analysis. Third, there
was substantial heterogeneity among the included studies. Therefore, our �ndings should be interpreted with caution.

5. Conclusion
Our meta-analysis revealed that thrombocytopenia was associated with increased short-term mortality, ICU length of stay and rate of AKI in in critically ill
patients with sepsis or septic shock. The analysis of secondary outcomes showed no signi�cant difference in the rate of mechanical ventilation between the
two groups. Further randomized controlled studies of thrombocytopenia are still required.

Key Messages
Thrombocytopenia was associated with increased short-term mortality, ICU length of stay and rate of AKI in in critically ill patients with sepsis or septic
shock.

Further randomized controlled studies of thrombocytopenia are still required to con�rm our results.

Abbreviations
ICU: Intensive care unit; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; AKI: acute kidney injury; DIC: disseminated
intravascular coagulation; MAP: mean arterial pressure; OR: Odds ratio; MD: Mean difference; CI: Con�dence interval
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Figure 1

Flow chart of literature selection.

Figure 2

Forest plot for short-term mortality.



Page 9/10

Figure 3

Funnel plot for short-term mortality.

Figure 4

Forest plot for rate of mechanical ventilation.
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Figure 5

Forest plot for rate of AKI.

Figure 6

Forest plot for ICU length of stay.


