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Abstract 

Purpose:  The association between extracorporeal membrane oxygenation (ECMO) use and the development of 
thrombocytopenia is widely presumed yet weakly demonstrated. We hypothesized that longer duration of ECMO 
support would be independently associated with worsened thrombocytopenia.

Methods:  We performed a single-center retrospective cohort study of 100 adults who received ECMO for acute 
respiratory failure. We used generalized estimating equations to test the association between days on ECMO and daily 
percentage of platelets compared to the first post-cannulation platelet count. We constructed a multivariable logistic 
regression model with backwards stepwise elimination to identify clinical predictors of severe thrombocytopenia 
(≤50,000/μL) while on ECMO.

Results:  Days on ECMO was not associated with a decrease in platelet count in the unadjusted analysis (β −0.85, 
95 % CI −2.05 to 0.36), nor after considering and controlling for days hospitalized prior to ECMO, APACHE II score, 
platelet transfusions, and potential thrombocytopenia-inducing medications (β −0.83, 95 % CI −1.9 to 0.25). Twenty-
two subjects (22 %) developed severe thrombocytopenia. The APACHE II score and platelet count at the time of can-
nulation predicted the development of severe thrombocytopenia. The odds of developing severe thrombocytopenia 
increased 35 % for every 5-point increase in APACHE II score (OR 1.35, 95 % CI 0.94–1.94) and increased 35 % for every 
25,000/μL platelets below a mean at cannulation of 188,000/μL (OR 1.35, 95 % CI 1.10–1.64).

Conclusions:  Duration of ECMO is not associated with the development of thrombocytopenia. The severity of 
critical illness and platelet count at the time of cannulation predict the development of severe thrombocytopenia 
while receiving ECMO for respiratory failure. Future studies should validate these findings, especially in cohorts with 
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Take-home message: This study demonstrates that in a large single-
center cohort, duration of ECMO support was not associated with a 
decrease in platelet count, which is contrary to the generally held belief 
that thrombocytopenia is an inevitable consequence of ECMO use. 
Instead, the development of thrombocytopenia was associated with 
severity of illness and lower baseline platelet count, suggesting that the 
current paradigm, attributing thrombocytopenia to the use of ECMO over 
time, needs to be revisited.
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Page 845 of 852

Introduction
Extracorporeal membrane oxygenation (ECMO) supports 
gas exchange in cases of severe hypoxemic or hypercapnic 
respiratory failure refractory to conventional mechanical 
ventilation [1–7]. Extracorporeal circuits, which consist of 
drainage and reinfusion cannulae, centrifugal pumps, and 
membrane oxygenators, require the use of anticoagulation 
to minimize clotting within the circuit [8, 9]. Because of 
this need for anticoagulation, ECMO introduces the risk of 
serious, sometimes fatal, bleeding complications [10–14]. 
While the development of biocompatible ECMO circuit 
components in the past decade has allowed for the use of 
lower levels of anticoagulation, clinically significant hem-
orrhagic complications still occur, albeit less frequently 
than in the past [9, 15–18].

Several case series and expert-opinion articles claim 
that ECMO circuits cause thrombocytopenia by inducing 
platelet activation and aggregation [19–21]. The poten-
tial platelet-reducing effect of ECMO therapy is clinically 
important since ECMO patients who develop thrombocy-
topenia may have an increased risk of bleeding [10]. Two 
recent single-center cohort studies examined the associa-
tion between ECMO use and the development of throm-
bocytopenia among adults with acute respiratory failure 
[13, 22]. While both studies report a significant decline in 
platelet count over days on ECMO, neither controlled for 
potential confounding factors including subjects’ severity 
of illness or the duration of ECMO therapy.

In light of the current ECMO technology now used and 
recent prior studies that have reported only unadjusted 
associations between ECMO use and the development 
of thrombocytopenia, we performed a single-center ret-
rospective cohort study of adults with acute respiratory 
failure to test the hypothesis that longer time on ECMO 
is associated with a decrease in platelet counts independ-
ent of several important potential confounders. We also 
sought to determine what other clinical characteristics 
at the time of ECMO cannulation are associated with the 
development of severe (≤50,000/μL) thrombocytopenia 
while on ECMO.

Methods
Subjects, setting, and data sources
We conducted a single-center retrospective cohort study 
with adults (age  ≥18  years) who received venovenous, 
venoarterial, or venoarterial-venous ECMO for severe 
acute respiratory failure and were cared for in the Medical 

Intensive Care Unit (MICU) at Columbia University Med-
ical Center between May 2009 and March 2014. Study 
subjects were either admitted from our emergency room, 
or were first hospitalized elsewhere, referred for ECMO 
support, and transported to our medical center by our 
ECMO team who cannulated subjects either just prior 
to or after transportation. Venoarterial or venoarterial-
venous ECMO was used if patients had a combination of 
severe acute respiratory failure and cardiogenic shock. We 
excluded those who received ECMO support for respira-
tory failure due to acute pulmonary thromboembolism or 
decompensated pulmonary arterial hypertension.

We selected ECMO cannula size [21–23  French (Fr) 
venous drainage, 18–22  Fr venous reinfusion, 14–17  Fr 
arterial reinfusion, and 20–31 Fr bicaval dual-lumen can-
nulae] based upon patients’ blood vessel diameter and 
estimated cardiac output. We used the Rotaflow cen-
trifugal pump (Maquet, Rastatt, Germany) and Quad-
rox  D or I oxygenator (Maquet, Rastatt, Germany) or a 
CARDIOHELP system (Maquet, Rastatt, Germany). We 
administered a bolus of unfractionated heparin (3000–
5000 units) at the time of cannulation, followed by a con-
tinuous intravenous infusion of unfractionated heparin 
for a target activated partial thromboplastin time (aPTT) 
of 40–60  s, unless there was an indication for a higher 
level of anticoagulation. The transfusion thresholds for 
red blood cells and platelets were hemoglobin  <7  g/dL 
and platelet count ≤20,000 or ≤50,000/µL with bleeding, 
respectively [9]. We replaced the oxygenator if the patient 
had inadequate blood oxygenation and there was evi-
dence of low oxygen transfer across the membrane.

We prospectively assessed the Acute Physiology and 
Chronic Health Evaluation (APACHE) II score, the ratio of 
partial pressure of oxygen in arterial blood to fraction of 
inspired oxygen (PaO2/FIO2), the platelet count immedi-
ately prior to ECMO cannulation, days hospitalized before 
ECMO cannulation, and the indications for and dura-
tion of ECMO. We retrospectively ascertained comorbid 
conditions, laboratory data, transfusions received, medi-
cations given, use of renal replacement therapy, and oxy-
genator circuit changes while receiving ECMO.

Measurements
The key exposure variable of interest was days of ECMO 
support. We chose the daily percentage of platelets com-
pared to the first post-cannulation platelet count to be 
the primary outcome measure in order to normalize for 

more venoarterial ECMO patients, and should characterize the association between thrombocytopenia and bleeding 
events while on ECMO.

Keywords:  Extracorporeal membrane oxygenation, Thrombocytopenia, Platelets, Respiratory failure
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differences in baseline platelet counts between subjects. 
The daily percentage of platelets was calculated by divid-
ing the daily mean platelet count (the mean value for all 
platelet counts available on a given calendar day) by the 
first post-cannulation platelet count. We used the first 
post-cannulation platelet count because 52 subjects were 
missing pre-cannulation platelet count data from the 
referring hospital. We performed a sensitivity analysis to 
evaluate whether using the first post-cannulation platelet 
count (rather than the last platelet count prior to ECMO 
cannulation) potentially affected our results (see supple-
mentary methods).

Platelet transfusions were measured in units of plate-
lets. We counted the number of medications given that 
could potentially cause thrombocytopenia (see sup-
plementary methods), but we did not include heparin 
because all subjects received heparin. We evaluated sub-
jects for heparin-induced thrombocytopenia (HIT) when 
it was suspected (see supplementary methods) [23–25]. 
Comorbid conditions were quantified with the Charlson 
index [26]. While on ECMO, hepatic dysfunction was 
assessed by daily liver SOFA scores [27, 28], and renal 
dysfunction was assessed either as acute kidney injury 
that was defined as 1.5-fold increase in creatinine [29], or 
the by the use of renal replacement therapy.

Statistical analysis
Baseline characteristics were expressed as mean ± stand-
ard deviation (SD) or median and interquartile range 
(IQR). We compared categorical variables using Chi 
square or Fischer exact tests, and compared continuous 
variables across quartiles of ECMO duration using analy-
sis of variance or Kruskall–Wallis tests.

We used generalized estimating equations to examine 
the association between days on ECMO and the daily 
percentage of platelets compared to the first post-can-
nulation platelet count. We used an autoregressive struc-
ture of the correlation matrix and a robust (sandwich) 
variance estimation because we assumed that repeated 
measures of platelets would be most strongly correlated 
within subjects and when close together in time, and 
least correlated when furthest apart in time. We included 
covariables from Table 1 in the adjusted model that were 
either associated with the daily percentage of platelets 
compared to baseline while on ECMO at p < 0.2, or that 
changed the size of the effect estimate for days on ECMO 
by >10 % in bivariate analyses (see footnote to Table 2 for 
adjusted model covariables).

To determine what other clinical characteristics pre-
dicted the development of thrombocytopenia while 
receiving ECMO support, we created logistic regression 
models with the outcome defined as a platelet count 
of ≤50,000/µL. We first conducted univariable analyses 

for patient characteristics. Since we were interested in 
predicting the development of severe thrombocytope-
nia at the time of ECMO cannulation, we constructed a 
multivariable model using only patient characteristics 
known at the time of ECMO cannulation. We used back-
ward stepwise elimination, initially including all variables 
for which p  <  0.2 in univariable analyses. We assessed 
the model’s discrimination by the area under the receiver 
operating characteristic curve (AUC). We examined the 
model’s calibration by using the Hosmer–Lemeshow 
goodness of fit (GoF) Chi-squared test statistic for ten 
equally sized groups. To correct for optimism and inter-
nally validate the model, we repeatedly fit the model with 
100 bootstrap samples to calculate the average AUC [30].

Statistical significance was defined as a two-tailed 
p < 0.05. Analyses were performed with Stata 13.0 (Stata-
Corp LP, College Station, TX). This study was conducted 
in accordance with the amended Declaration of Helsinki. 
The Columbia University Institutional Review Board 
approved the study (Protocol: AAAQ6609).

Results
One hundred subjects had a median (IQR) age of 37 (28–
53) years, 59 % were men, and few had any comorbidities 
[median (IQR) Charlson Index 0 (0–1)]. None had cir-
rhosis or HIV, three had hematologic malignancies, one 
was found to have hemophagocytic lymphohistiocytosis, 
and nine and two had undergone solid organ transplan-
tation and bone marrow transplantation on prior hospi-
talizations, respectively. Ninety-one percent of subjects 
had severe acute respiratory distress syndrome (ARDS), 
5 % had refractory status asthmaticus, and 4 % had acute 
exacerbations of chronic obstructive pulmonary disease 
(COPD). The mean (±SD) APACHE II score was 27 (±8), 
the mean (±SD) baseline platelet count after ECMO 
cannulation was 188,000/µL (±105,000), and the mean 
(±SD) platelet nadir while on ECMO support was 98,000/
µL (±59,000). None of these characteristics differed sig-
nificantly by duration of ECMO support. Twenty-two 
subjects (22  %) developed a platelet nadir ≤50,000/µL. 
No subjects developed HIT. Subjects in the fourth quar-
tile of duration of ECMO support (12–21 days) tended to 
receive more thrombocytopenia-inducing medications 
than the other subjects (p  <  0.01). Only 5  % of subjects 
had a single daily liver SOFA score ≥3, and liver SOFA 
scores and use of renal replacement therapy were similar 
across quartiles of days on ECMO. Seventy-three percent 
of subjects survived to hospital discharge (Table 1; sup-
plementary Table 1).

Figure  1 shows that the daily percentage of platelets 
compared to the first post-cannulation platelet count var-
ies widely across the cohort with many patients’ platelets 
increasing after ECMO initiation and others decreasing. 
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Subjects who remain on ECMO longer appear to more 
often have declining platelet counts over time. When 
stratified by survival to hospital discharge, it appears 
that several survivors and decedents have increases and 
decreases in their percentage of platelets from baseline 
over time (see supplementary Figs.  1, 2). In the unad-
justed analysis, for every 1  day of ECMO support, the 
percentage of platelets compared to the baseline post-
cannulation count decreased 0.85 % on average, but the 
association was not statistically significant (β −0.85, 95 % 
CI −2.05 to 0.36, Table 2). The association remained non-
significant in the adjusted model (β −0.83, 95 % CI −1.9 

to 0.25). In the sensitivity analysis using the pre-ECMO 
cannulation platelet count of those with available data to 
determine the daily relative percentage of platelets, the 
number of days on ECMO was still not associated with 
a decrease in platelet count in both the unadjusted and 
adjusted analyses (see supplementary results and supple-
mentary Tables 2, 3).

At the time of ECMO initiation, the APACHE II score 
and baseline platelet count were the only two clinical fac-
tors associated with the development of thrombocyto-
penia ≤50,000/μL during ECMO support in univariable 
logistic regression analyses (p  <  0.2) (Table  3) and were 

Table 1  Characteristics of adults who received ECMO for acute respiratory failure

SD standard deviation, IQR interquartile range, ECMO extracorporeal membrane oxygenation, APACHE II Acute Physiology and Chronic Health Evaluation II, PaO2/FIO2 
ratio of partial pressure of oxygen in arterial blood to fraction of inspired oxygen, VV venovenous, VA venoarterial, VAV venoarterial venous, ARDS acute respiratory 
distress syndrome, COPD chronic obstructive pulmonary disease, PT prothrombin time, aPTT activated partial thromboplastin time, SOFA sequential organ failure 
assessment, Acute kidney injury 1.5-fold increase in serum creatinine while on ECMO

All subjects Duration of ECMO support by quartile (days) p value

1st quartile (1–5) 2nd quartile (6–8) 3rd quartile (9–11) 4th quartile (12–21)

Total subjects, n (%) 100 (100) 22 (22) 24 (24) 25 (25) 29 (29)

Age, median (IQR) 37 (28–53) 43 (29–55) 30 (23–37) 41 (32–58) 37 (30–45) 0.08

Male, n (%) 59 (59) 9 (41) 17 (71) 18 (72) 15 (52) 0.08

Charlson comorbidity score,  
median (IQR)

0 (0–1) 0 (0–1) 1 (0–2) 1 (0–1) 0 (0–1) 0.27

APACHE II, mean ± SD 27 ± 7.6 28 ± 8.0 27 ± 8.0 25 ± 7.4 27 ± 7.3 0.72

PaO2/FIO2, median (IQR) 57 (47–68) 52 (44–80) 54 (41–67) 60 (51–80) 57 (49–61) 0.41

ECMO configuration, n (%) 0.45

 VV 92 (92) 20 (91) 21 (87) 23 (92) 28 (97)

 VA 6 (6) 2 (9) 3 (13) 1 (4) 0 (0)

 VAV 2 (2) 0 (0) 0 (0) 1 (4) 1 (3)

Days hospitalized before ECMO,  
median (IQR)

3 (1–10) 1 (1–8) 3 (2–9) 3 (1–10) 6 (2–12) 0.07

Indication for ECMO, n (%)

 ARDS 91 (91) 19 (86) 23 (96) 21 (84) 28 (97) 0.54

 Status asthmaticus 5 (5) 2 (9) 0 (0) 2 (8) 1 (3)

 COPD 4 (4) 1 (5) 1 (4) 2 (8) 0 (0)

First post-cannulation platelet count 
(×103/μL)

188 ± 105 164 ± 93 172 ± 104 225 ± 121 186 ± 94 0.18

No. thrombocytopenic medications, 
mean ± SD

3.7 ± 1.1 3.2 ± 0.73 3.9 ± 0.99 3.4 ± 0.86 4.2 ± 1.2 <0.01

PT, median (IQR) 15 (15–17) 15 (15–17) 15 (14–16) 16 (15–18) 15 (14–16) 0.28

aPTT, median (IQR) 45 (42–50) 42 (38–48) 44 (41–46) 45 (42–49) 49 (46–52) 0.02

Platelet transfusions, median (IQR) 0 (0–0) 0 (0–0) 0 (0–0.5) 0 (0–0) 0 (0–1) 0.31

Liver SOFA score, median (IQR) 0 (0–1) 0 (0–0) 0 (0–1) 0 (0–1) 0 (0–1) 0.55

Acute kidney injury, n (%) 83 (83) 15 (68) 18 (75) 22 (88) 28 (97) 0.03

Renal replacement therapy, n (%) 39 (39) 9 (41) 9 (38) 9 (36) 12 (41) 0.97

Septic shock, n (%) 63 (63) 16 (73) 13 (54) 16 (64) 18 (63) 0.63

Oxygenator circuit change, n (%) 4 (4) 0 (0) 0 (0) 2 (8) 2 (7) 0.31

Platelet nadir (×103/μL) 98 ± 59 104 ± 75 91 ± 57 108 ± 55 89 ± 51 0.62

Platelet nadir <50 ×103/μL, n (%) 22 (22) 5 (23) 5 (21) 5 (20) 7 (24) 0.98

Survival to decannulation, n (%) 82 (82) 13 (59) 21 (88) 24 (96) 24 (83) 0.01

Survival to discharge, n (%) 73 (73) 13 (59) 18 (75) 23 (92) 19 (66) 0.04



Page 848 of 852

therefore included in the multivariable logistic regres-
sion model. We attempted backward stepwise elimina-
tion with a likelihood ratio test and found that both these 
variables should be included in the final model. For every 
5-point increase in APACHE II score, the odds of devel-
oping thrombocytopenia ≤50,000/μL increased by 35 % 
(OR 1.35, 95  % CI 0.94–1.94), and for every 25,000/μL 
platelets below a mean at cannulation of 188,000/μL, the 
odds of developing thrombocytopenia ≤50,000/μL also 
increased by 35 % (OR 1.35, 95 % CI 1.10–1.64) (Table 3). 
The AUC for the model was 0.78 (SE 0.005). The average 
AUC after bootstrap resampling decreased marginally to 
0.77 (SE 0.01), suggesting the model is internally valid. 
The model was well calibrated on the basis of a GoF test 
p = 0.24. The associations of APACHE II score and plate-
let count at the time of cannulation with platelet count 

nadirs while on ECMO are shown in the box plots of 
Fig. 2a, b. Median platelet nadir while on ECMO declines 
over increasing quartiles of APACHE  II scores (p for 
trend = 0.015) and decreasing quartiles of platelet counts 
at the time of ECMO cannulation (p for trend = 0.004).

While on ECMO, for every 1-point increase in median 
daily liver SOFA score the odds of developing severe 
thrombocytopenia increased 84  % (OR 1.84, 95  % CI 
1.15–2.92), and the need for renal replacement therapy 
was associated with 3.71 times the odds (95 % CI 1.38–
9.99) of developing severe thrombocytopenia.

Discussion
In this single-center cohort study, we were unable to con-
firm our hypothesis that the number of days on ECMO 
is associated with a decrease in daily platelet counts after 
considering and controlling for several important poten-
tial confounders. Since ECMO duration was not asso-
ciated with a decrease in platelet count, we sought to 
determine which clinical variables predict severe throm-
bocytopenia at the time of ECMO cannulation. We found 
that only a lower initial post-cannulation platelet count 
was associated independently with developing severe 
thrombocytopenia and that a lower post-cannulation 
platelet count and higher APACHE  II score together 
provide the best prediction of developing severe throm-
bocytopenia. The development of renal and hepatic fail-
ure while on ECMO was strongly associated with the 
development of thrombocytopenia  ≤50,000/μL. This 
new knowledge suggests that the perceived association 
between ECMO and the development of thrombocytope-
nia is best explained by the initial severity of critical ill-
ness and the development of multi-organ failure while on 
ECMO. Our prediction model will help clinicians better 
evaluate the risk of thrombocytopenia, potential need for 
transfusions, and bleeding in adults with acute respira-
tory failure who are being considered for or are receiving 
ECMO support.

There are several reasons why our findings contradict 
two prior cohort studies that concluded that platelets 
counts decline with ECMO use [13, 22]. In a cohort study 
of 225 adults with severe ARDS who were supported with 
either venovenous ECMO or pumpless arteriovenous 
interventional lung assist (iLA), platelet counts decreased 
significantly in those who received ECMO but not in 
those who received iLA. ECMO subjects, however, were 
more critically ill than iLA subjects with higher SOFA 
scores and a higher prevalence of disseminated intra-
vascular coagulation (DIC). Accordingly, the observed 
association between ECMO use and thrombocytopenia 
may be confounded by the subjects’ severity and duration 
of critical illness. Indeed, 22  % of subjects in our study 
developed severe thrombocytopenia while receiving 

Table 2  Association between days on ECMO and the daily 
percentage of platelets compared to first post-cannulation 
platelet count

ECMO extracorporeal membrane oxygenation
a  Change in the percentage of platelets compared to the baseline post-
cannulation count for every 1 day of ECMO support
b  All variables in Table 1 were considered for inclusion in the multivariable 
model. Those in unvariable analyses that were associated with daily platelet 
percentage <0.2 or changed the days on ECMO effect estimate >10 % were 
included in the multivariable model. The covariables in the final multivariable 
model were days hospitalized prior to ECMO cannulation, median daily 
activated partial thromboplastin time, median daily prothrombin time, Charlson 
comorbidity score, and oxygenator circuit change

Coefficienta 95 % CI p value

Unadjusted model
Days on ECMO

−0.85 −2.05 to 0.36 0.17

Adjusted modelb

Days on ECMO
−0.83 −1.9 to 0.25 0.13

Fig. 1  Spaghetti plot of the daily percentage of platelets compared 
to the first post-cannulation platelet count for 100 subjects receiving 
ECMO for acute respiratory failure. Each line represents an individual 
subject’s trend of percentage of platelets from baseline over time
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ECMO, but we show that a higher initial severity of criti-
cal illness, lower baseline platelet count, and the devel-
opment of hepatic or renal failure account for that 
association, not ECMO use. In a cohort study of 12 adults 
with acute respiratory failure who were supported with 
venovenous ECMO, investigators observed a significant 

decline in platelet count between the first day on ECMO 
and 1  week later, but they did not control for subjects’ 
severity of critical illness nor the duration of ECMO ther-
apy (only 75 % of subjects remained on ECMO when the 
platelet measurement was made at 1  week) [22]. In our 
study, we controlled for the severity of critical illness and 

Table 3  Associations between clinical characteristics and thrombocytopenia of ≤50,000 μL while receiving ECMO

ECMO extracorporeal membrane oxygenation, PaO2/FIO2 ratio of partial pressure of oxygen in arterial blood to fraction of inspired oxygen, VA venoarterial, VAV 
venoarterial venous, ARDS acute respiratory distress syndrome, APACHE II Acute Physiology and Chronic Health Evaluation II

* Since we were interested in predicting the development of severe thrombocytopenia on ECMO around the time of cannulation, we only used predictor variables 
based on subject characteristics at the time of ECMO cannulation. Area under receiver operating characteristic curve, 0.78; Hosmer–Lemeshow goodness of fit 
calibration test, p = 0.24

Univariable analysis OR 95 % CI p value

Subject characteristics at the time of ECMO cannulation

 Age 1.02 0.98–1.05 0.28

 Male, gender 0.79 0.30–2.05 0.63

 PaO2/FIO2 (25-point change) 1.04 0.82–1.31 0.74

 VA or VAV ECMO 2.31 0.51–10.5 0.28

 Days hospitalized before ECMO 1.03 0.98–1.08 0.28

 ARDS 2.4 0.28–20.3 0.42

 APACHE II (every 5-point increase) 1.45 1.03–2.04 0.03

 Number of potential thrombocytopenia inducing medications 1.27 0.83–1.96 0.27

 First post-ECMO cannulation platelet count (every 25,000/μL decrease) 1.37 1.12–1.68 <0.01

Subject characteristics while on ECMO

 Median PT (s) 1.09 0.98–1.21 0.09

 Median aPPT (s) 1.02 0.99–1.05 0.09

 Acute kidney injury 2.38 0.50–11.3 0.28

 Renal replacement therapy 3.71 1.38–9.99 <0.01

 Median daily liver SOFA score 1.84 1.15–2.92 0.01

 Septic shock 1.76 0.62–4.99 0.29

 Oxygenator circuit change 1.19 0.12–12.0 0.88

Final multivariable prediction model*

 APACHE II (5-point increase) 1.35 0.94–1.94 0.11

 Baseline platelet count (25,000/μL decrease) 1.35 1.10–1.64 <0.01

Fig. 2  Box plots of platelet count nadirs (thousands/μL) while on ECMO over a quartiles of Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores (p for trend = 0.015) and b quartiles of platelet counts at the time of ECMO cannulation (p for trend = 0.004)
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employed a repeated measures analysis using general-
ized estimating equations that accounted for the different 
durations of ECMO support between subjects.

Our finding of a lack of an association between duration 
of ECMO use and thrombocytopenia is biologically plau-
sible for several reasons. Historically, thrombocytope-
nia occurred with conventional cardiopulmonary bypass 
circuitry as a result of shear forces, hypothermia, and 
exposure to artificial surfaces with resultant platelet 
aggregation [31]. However, more recent in vitro studies of 
platelet aggregation in the context of centrifugal pumps 
and hollow-fiber oxygenators, such as the ones used in our 
study, suggest that these phenomena may not necessarily 
occur with modern extracorporeal technology [29]. Many 
critically ill patients develop thrombocytopenia either as 
a result of inflammation-related bone marrow suppres-
sion or platelet consumption due to DIC [32–35]. Higher 
critical illness severity, organ dysfunction, and sepsis have 
been shown to be independent predictors of the develop-
ment of thrombocytopenia in critically ill patients [36], 
and the component variables of APACHE II score capture 
direct and indirect measures of critical illness physiology, 
organ dysfunction, and inflammation reflecting sepsis. 
Our finding that a lower initial post-cannulation platelet 
count predicts the development of severe thrombocy-
topenia is likely an indirect measure of subjects’ platelet 
reserve, which is likely affected by the severity of criti-
cal illness both prior to and immediately after ECMO 
cannulation. The observation in Fig. 1 that subjects who 
remain on ECMO longer tend to have greater declines in 
their platelet counts may represent confounding by indi-
cation. That is, subjects who require a longer duration of 
ECMO support may also develop worse thrombocytope-
nia because they have a higher severity of critical illness, 
are more likely to develop multi-organ failure, and are 
exposed to more thrombocytopenia-inducing medica-
tions over a longer period of time [37].

Being able to identify patients at risk for the develop-
ment of severe thrombocytopenia during ECMO support 
based on the initial severity of critical illness and base-
line platelet count may help providers anticipate which 
patients are most likely to develop a transfusion need 
and have an increased risk of bleeding. Future studies 
are needed to determine what degree of thrombocyto-
penia in conjunction with other coagulation parameters 
will predict hemorrhagic complications while receiving 
ECMO support.

While we enrolled more participants and evaluated 
and controlled for more confounders than several prior 
studies that have examined ECMO use and hemostatic 
changes [22, 38], our study also has several weaknesses. 
There is the potential that unmeasured or poorly meas-
ured confounding and bias secondary to missing data 

limited our results. We considered and controlled for 
several baseline demographic and clinical characteris-
tics including the APACHE  II score as well as several 
measures of organ dysfunction while on ECMO, but we 
could not fully control for the severity of critical illness 
over time with complete daily SOFA scores since we did 
not prospectively collect the Glasgow coma scale data on 
a daily basis. Future studies should explore whether dif-
ferent types of patients treated with ECMO might still 
develop thrombocytopenia due to ECMO and assess 
potential associations between thrombocytopenia and 
the development of DIC in ECMO patients, which we 
did not systematically evaluate. Measurements of nega-
tive pressure gradients and microscopic measurement of 
platelet adherence to the ECMO membrane after ECMO 
weaning should be also considered in future studies. We 
used the first post-cannulation platelet count as our refer-
ence because approximately half of the cohort was miss-
ing pre-ECMO platelet count data. Given that a prior 
study of ECMO in neonates showed a large decrease in 
platelet counts immediately following cannulation [39], 
we performed several analyses to show that using the 
post-cannulation platelet count in our study is unlikely to 
bias our results. We showed that subjects with and with-
out pre-ECMO platelet count data did not appear to dif-
fer, that the percentage change in platelet count before 
and after ECMO cannulation did not differ, and that our 
results were robust to a sensitivity analysis using pre-
ECMO platelet counts rather than the first post-ECMO 
cannulation platelet counts. While use of venoarterial 
ECMO was not associated with development of throm-
bocytopenia in our study, there are too few subjects to 
make any conclusions from this observation [40]. The 
findings of this retrospective single-center study may not 
be generalizable to centers that employ different ECMO 
technologies and anticoagulation strategies. Future stud-
ies should validate these findings, especially in cohorts 
with more venoarterial ECMO patients, and should char-
acterize the association between thrombocytopenia and 
bleeding events while on ECMO.

Conclusion
In a single-center retrospective cohort study of patients 
receiving ECMO for acute respiratory failure, ECMO 
duration was not associated with a decline in platelet 
counts. Clinicians should consider the severity of criti-
cal illness and platelet counts at the time of cannulation 
when considering a potential ECMO patient’s likelihood 
of developing thrombocytopenia that may increase risk 
of bleeding or necessitate transfusion of platelets.
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