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Abstract

Despite increasing improvement in extracorporeal membrane oxygenation (ECMO) technology and knowledge,
thrombocytopenia and impaired platelet function are usual findings in ECMO patients and the underlying mecha-
nisms are only partially elucidated. The purpose of this meta-analysis and systematic review was to thoroughly
summarize and discuss the existing knowledge of platelet profile in adult ECMO population. All studies meeting the
inclusion criteria (detailed data about platelet count and function) were selected, after screening literature from July
1975 to August 2019. Twenty-one studies from 1.742 abstracts were selected. The pooled prevalence of thrombocy-
topenia in ECMO patients was 21% (95% Cl 12.9-29.0; 14 studies). Thrombocytopenia prevalence was 25.4% (95% Cl
10.6-61.4; 4 studies) in veno-venous ECMO, whereas it was 23.2% (95% Cl 11.8-34.5; 6 studies) in veno-arterial ECMO.
Heparin-induced thrombocytopenia prevalence was 3.7% (95% Cl 1.8-5.5; 12 studies). Meta-regression revealed no
significant association between ECMO duration and thrombocytopenia. Platelet function impairment was described
in 7 studies. Impaired aggregation was shown in 5 studies, whereas loss of platelet receptors was found in one trial,
and platelet activation was described in 2 studies. Platelet transfusions were needed in up to 50% of the patients. Red
blood cell transfusions were administered from 46 to 100% of the ECMO patients. Bleeding events varied from 16.6 to
50.7%, although the cause and type of haemorrhage was not consistently reported. Thrombocytopenia and platelet
dysfunction are common in ECMO patients, regardless the type of ECMO mode. The underlying mechanisms are mul-
tifactorial, and understanding and management are still limited. Further research to design appropriate strategies and
protocols for its monitoring, management, or prevention should be matter of thorough investigations.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a
temporary support able to provide short-term mechan-
ical support to the heart, lungs, or both. Despite its
first clinical use in 1970s, extracorporeal membrane
oxygenation treatment has been exponentially increas-
ing over the last 2 decades and is now considered a life-
sustaining treatment in critical care medicine [1-3].
Haemorrhagic and thromboembolic complications are
common during ECMO treatment, resulting in consid-
erable morbidity and mortality [4, 5]. Platelet activation
and aggregation play a major role in this context. The
contact with foreign circuit surfaces and the high shear
stress, during ECMO treatment, have been shown to
cause enhanced platelet activation, which may lead
to an increased thrombotic predisposition [6—8]. On
the other side, high shear stress has also been shown
to cause loss of platelet surface receptors, important
for platelet adhesion, as well as loss of high-molecu-
lar-weight von Willebrand factor (vWF) multimers,
resulting in decreased binding of vWF to platelets [8,
9]. Moreover, anticoagulant therapy, necessary to pre-
serve the patency of the circuit and to avoid throm-
botic complications, plays as a contributing factor to
haemorrhagic complications [10]. Although anticoagu-
lation guidelines vary widely among ECMO centres,
unfractionated heparin (UFH) is the most adminis-
tered anticoagulant because of its rapid onset of action,
a promptly available antagonist (protamine) that can
reverse its effect, and its low cost [11].

Moreover, heparin-induced thrombocytopenia (HIT)
is an immune-mediated complication of UFH, character-
ized by moderate thrombocytopenia few days after initial
heparin exposure, and, paradoxically, an increased risk of
thrombosis [10]. The diagnosis of HIT in ECMO patients
is even challenging and requires awareness and a high
index of suspicion [12]. Limited data exist on thrombocy-
topenia during ECMO treatment in adult patients.

The aim of the present systematic review and meta-
analysis is to highlight the occurrence of thrombocyto-
penia and to summarize the current knowledge about
platelet function during ECMO in adult patients. We
hypothesized that we could identify the prevalence of
thrombocytopenia, platelet dysfunction and major
complications in different ECMO mode.

Material and methods

Systematic review and meta-analysis were performed
according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) and Meta-Anal-
ysis of Observational Studies in Epidemiology (MOOSE)
guidelines. Complete details, including electronic search

Take home messages

Platelet count and function seem to be severely impaired in
extracorporeal membrane oxygenation (ECMO) patients. Thrombo-
cytopenia and platelet dysfunction are common in extracorporeal
membrane oxygenation (ECMO) patients, regardless the type of
ECMO mode.

strategy, objectives, criteria for study selection, eligi-
bility, data collection, and assessment of study quality,
were registered and published online in PROSPERO
International prospective register of systematic reviews
(CRD42019129037) on 15 April 2019 (https://www.crd.
york.ac.uk/PROSPERO/display_record.php?ID=CRD42
019129037).

Literature search and data extraction

Eligible studies were identified by consulting the
Cochrane Central Register of Controlled Trials (CEN-
TRAL; Internet), MEDLINE, EMBASE, without date or
language restriction. Keywords and MeSH terms per-
tinent to the exposure of interest were used in relevant
combinations: “platelet’, “thrombocytopenia’, “platelet
function’, “platelet count’, “ECMO’, “ECLS’, “extracorpor-
eal life support’, “extracorporeal membrane oxygenation’,
“bleeding”. The literature search was run from July 1975
to August 2019. In addition, we searched in trial regis-
tries and reference lists were carefully analysed for per-
tinent studies.

Randomized controlled trials (RCTs), or prospective as
well as retrospective observational cohort studies of adult
ECMO patients were included in our analysis. Studies
were not included in the analysis if they met one of the
following exclusion criteria: (1) reviews, case reports, ani-
mal and in vitro experiments, and conference abstracts;
(2) incomplete information about study objectives; (3)
studies in which outcomes were expressed as continuous
variable; and (4) case reports. Inclusion and exclusion
criteria for qualitative/quantitative analyses were sum-
marized according to the PICOS (population, interven-
tion, comparator, outcomes, and study design) approach
(Supplemental Data). Two investigators (FJ. and G.ES.)
independently screened titles and abstracts. A third
investigator (R.L.) helped to solve any disagreement.
After excluding non-relevant studies, full texts of poten-
tially relevant articles were then screened for inclusion in
the final analysis. Supplementary documents of selected
studies were also assessed, if available. A standardized
form was used to extract data from included studies
for assessment of study quality and evidence synthesis.
Extracted information included year of publication, study
design, sample size, number of patients, ECMO/ECLS
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configuration, and study parameters (thrombocytope-
nia, severe thrombocytopenia, HIT, platelet dysfunction,
platelet and red cell transfusions, in-hospital bleeding,
and mortality).

Outcomes and analyses
The primary outcome of this meta-analysis was the
occurrence of thrombocytopenia and the platelet dys-
function. Thrombocytopenia definition was according to
agreed guidelines criteria: moderate thrombocytopenia:
platelet count< 150 x 10%/uL; severe thrombocytopenia;
and platelet count <50 x 10%/uL [13, 14]. Platelet dysfunc-
tion was considered and recorded in the study analysis
according to the report in the selected studies of impaired
aggregation, adhesion, and decreased activation.
Secondary outcomes included (1) the occurrence of
confirmed HIT, defined as an iatrogenic disorder medi-
ated by immunoglobulin G antibodies targeting multimo-
lecular complexes of platelet factor 4 (PF4) and heparin;
(2) the rate of platelet transfusion; (3) the occurrence of
bleeding (major haemorrhage/major bleeding or>2 red
blood cell units over a 24-h period, during ECMO run,
according to the Extracorporeal Life Support Organi-
zation (ELSO) definition [15, 16]) and re-exploration
for bleeding; and (4) the in-hospital mortality [17]. The
review has been performed in accordance with instruc-
tions given in the Cochrane Handbook for Systematic
Reviews of Intervention [17].

Risk of bias

Quality was assessed using the Cochrane Collaboration’s
tool for assessing risk of bias for RCT. For non-RCT,
modified Newcastle-Ottawa quality assessment scale
for cross-sectional studies was used to assess the quality
of the study for inclusion. The total score for the modi-
fied Newcastle-Ottawa scale for cross-sectional studies
is nine stars as a maximum for the overall scale with the
minimum of zero. A study was considered high quality if
it achieved 7 out 9 and medium if it achieved 5 out of 9
(Supplemental Data). Overall quality was independently
determined by each reviewer with discrepancies solved
by consensus.

Statistical analysis

OpenMeta-Analyst software for Macintosh, Review
Manager (RevMan), version 5.2, the MetaXL add-in
for Microsoft Excel MetaXL v5.2 (EpiGear Interna-
tional, Sunrise Beach, Australia), and the R Package
for Windows (version 3.0) (metaprop command) were
used to perform all the meta-analyses of prevalence of
thrombocytopenia and HIT [17, 18]. Random-effects
meta-analyses were performed using the propor-
tions of patients who experienced an adverse event (i.e.

thrombocytopenia, HIT) as the outcome of interest.
Because of the anticipated high degree of heterogene-
ity, predominantly among non-RCTs, an inverse vari-
ance (DerSimonian-Laird) random-effects model was
applied. Following the identification of each study to
be included, precise event rates were noted from the
reported results in all cases, without requiring back-
transformation of the event parameters [18—20]. Pooled
effect estimates were expressed as risk ratios with 95%
confidence interval (CI). Heterogeneity within each
meta-analysis using a Chi-squared test with significance
set at a P<0.10 was explored. We expressed the percent-
age of heterogeneity attributable to variation rather than
to chance as I” [21]. We defined heterogeneity as follows:
P=25-49%, low heterogeneity; I*=50-74%, moder-
ate heterogeneity; and I*>75%, severe heterogeneity
[21]. Based on the results of the analysis of Cochrane
Q and Higgin’s %, in order to be as conservative as pos-
sible, the random-effects method was used to take into
account the variability among included studies. A sub-
group analysis was performed to investigate the asso-
ciation between TCP and veno-arterial (V-A) ECMO,
and thrombocytopenia and veno-venous (V-V) ECMO.
Meta-regression models were performed applying an
inverse variance weighting with a mixed-effects model
to explore potential association with ECMO duration
and thrombocytopenia occurrence. Publication bias was
assessed by the visual assessment of funnel plots [22].
Sensitivity analysis excluded trials with high risk of bias
for any of the following: random sequence generation;
allocation concealment; blinding of participants; health
care providers or outcome assessors; incomplete out-
come data; attrition; and other sources of bias, including
source of funder, Newcastle—Ottawa scale score<7 for
non-RCT, and studies with less than 10 enrolled patients
(Supplemental Material) [17, 23].

Results
Study selection
Figure 1 shows the PRISMA flow diagram, describing
the study selection process along with the reasons for
exclusion. After removal of reports not pertinent to the
meta-analysis and systematic review design, 21 stud-
ies were finally included in the data assessment [6-8,
16, 24—40]. Two studies enrolling less than 10 patients
were excluded from the meta-analysis and included in a
sensitivity analysis [supplemental references 1,2] (Sup-
plemental material). Key characteristics of individual
studies and enrolled patients are described in the sup-
plemental material.

Four trials that met our inclusion criteria were
excluded after review of the full manuscript (reason for
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Fig. 1 PRISMA flow diagram

exclusion mentioned in Table 3, Supplemental Data)
[supplemental references 3—6].

Study description

Tables 1 and 2 summarize the main characteristics
and outcomes of the included studies. All 21 selected
papers were published after 2005. The number of
included patients for each trial ranged from 13 to
5.797, with a total of 7190 patients. There were 6.698
V-A ECMO patients, of whom 459 were post-cardi-
otomy. In 6 studies, authors did not report about the

ECMO setting (post-cardiotomy, post-acute myocar-
dial infarction, or other aetiologies) [8, 16, 25, 26, 28,
39]. V-V ECMO was present in 477 patients. Patient
age ranged from 41 to 60 years. ECMO duration aver-
aged from 4 to 15 days. Two prospective RCTs were
included in the analysis [29, 37]. Seven studies ana-
lysed the platelet function during ECMO (Table 3)
[7, 16, 27, 30, 33, 35, 38]. Platelet aggregometry was
tested in 5 studies, platelet receptor quantification
was assessed in one trial, and testing for monoclonal
antibodies, expression of impaired platelet granule
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Table 1 (continued)

Exclusion criteria Outcomes

Inclusion criteria
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Antiplatelet

Study (author,

medications

HIT

Prior HIT, ongoing preg-

ECMO (> 36 h) with

n.a

n.a

10 (7-16) days

n.a

Kimmoun, 2018

nancy, age < 18 years,

suspected HIT (posi-

[39]

septic shock, refractory
septic cardiomyopathy

and refractory cardiac

arrest

tive PF4/antibody titer
detected by ELISA)

Thrombocytopenia

tic dissection, peripheral

Terminal malignancy, aor-
arteriopathy, severe aor-

Patient < 75 years with
cardiac arrest

A ready-to-use pre-primed heparin-
free ECMO

n.a

n.a

Ruggeri, 2018 [40]

tic regurgitation, therapy
with antiplatelets and/or

anticoagulant

V-A veno-arterial, V-V veno-venous, ECMO extracorporeal membrane oxygenation, ARDS acute respiratory distress syndrome, HIT heparin-induced thrombocytopenia, ELISA enzyme-linked immunosorbent assay, BM/

body mass index, LVAD left ventricular assist device, UHF unfractioned heparin, ECPR extracorporeal cardiopulmonary resuscitation

" Median value is not available

" The value includes a small number of other procedures than cardiac surgery

" Other medications inducing thrombocytopenia (i.e. chemotherapic drugs, antibiotics)

secretion, was performed in one study [7, 16, 27, 30,
38]. Impaired platelet activation, assessed through PF4
and 83-thromboglobulin secretion, was tested only in
one investigation [35].

Risk of bias and study quality
A summary of the risk of biases of included trials is
reported in the Supplemental Data.

Quality assessment for observational studies showed
no low-quality study (Supplemental Data). One RCT
was classified as low risk of bias [37]. There was, instead,
an unclear risk of allocation bias, randomization bias,
and blinding for the other RCT [29]. The individual bias
domains are presented in the risk of bias supplemental
material.

Publication bias

A funnel plot for all the included outcomes showed an
asymmetrical distribution indicating likely publication
bias (Supplemental material).

Primary Outcome
o Thrombocytopenia

Fourteen studies reported the number of patients with
thrombocytopenia during ECMO [6, 8, 24-26, 28, 29,
31, 32, 34-37, 40]. The lowest prevalence of thrombo-
cytopenia was 1.9%, while the highest was 80% [25, 29].
The I* test result showed severe heterogeneity. Using
the random-effects analysis, the pooled prevalence of
thrombocytopenia in patients with ECMO was 21%
(95% CI 12.9-29.0; 14 studies) (Fig. 2). Severe throm-
bocytopenia was reported only in 6 studies, and its
prevalence ranged from 6.3 to 26.6% [8, 24, 32, 35, 37,
40]. Five studies reported the timeline of platelet count
after ECMO start [7, 8, 16, 24, 29]. The time to low-
est platelet count varied from 2 to 7 days after ECMO
initiation. The percentage of decreasing of the platelet
count was mentioned in 7 papers [6-8, 16, 28, 29, 31].
Thrombocytopenia in V-A ECMO patients has been
reported in 6 studies [8, 24, 25, 31, 36, 40]. The I* test
result showed high heterogeneity also in this sub-group
analysis. Among selected studies, the lowest prevalence
of thrombocytopenia in V-A ECMO patients was 7.3%,
whereas the highest prevalence was 90.9% [25, 31]. The
pooled prevalence was 23.2% (95% CI 11.8-34.5; 6 stud-
ies) (Fig. 2). The subgroup analysis of thrombocytope-
nia in V-V ECMO patients included four studies and
showed a similar pooled prevalence, 25.4% (95% CI
10.6-61.4; 4 studies), with a high heterogeneity (Fig. 2)
[29, 32, 35, 37].
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Table 3 Studies analysing platelet function: tests and results

Study (Author, year) Test for platelet function Results

Mutlak, 2014 [27]

Nair, 2015 [30]
ristocetin test)

Laine, 2016 [7]

Lukito, 2016 [33]

ELISA (sGPVI)
Tauber, 2016 [16]

Chung, 2017 [35] Enzyme immunoassay Asserachrom (Beta-TG)
CXCL4/PF4 Quantikine ELISA kit (PF4)

Kalbhenn, 2018 [38]

Monoclonal antibody assay: (CD 41, CD 42a, CD 42b, CD62, CD 63)

Multiple electrode aggregometry with the multiplate analyser (TRAP test, ASPI test, ADP test)

Multiple electrode aggregometry with the multiplate analyser (TRAP test, ADP test, collagen test,

Multiple electrode aggregometry with the multiplate analyser (TRAP test, ASPI test, ADP test)

Flow cytometry assays (GPIba, GPVI and allb integrin subunit)

Multiple electrode aggregometry with the multiplate analyser (TRAP test, ASPI test, ADP test)

APACT 4.0 aggregometer: (ADP test, ristocetin test, collagen test, epinephrine test)

TRAP test: <=
ASPI test: <=
ADP test: 1

TRAP test: {

ADP test: 1
Collagen test: §
Ristocetin test: 14

TRAP test: {1
ASPI test: 31
ADP test: 11

GPlba:
GPVI:
allb integrin subunit: <>

SGPVI: {t

TRAP test:
ASPI test: 31
ADP test: 11

RTG: J
PF4: [l

ADP test: 11}
Ristocetin test:
Collagen test: 14
Epinephrine test; 1

CD41: <=
CD42a: =
CD42b: =
D62:1
D631

B.7G B-thromboglobulin, PF4 platelet factor 4

« Platelet dysfunction

Seven studies assessed the platelet function in ECMO
patients [7, 16, 27, 28, 33, 35, 38]. Platelet aggregation
tests were performed in 5 studies, showing a substantial
reduction in platelet function [7, 16, 27, 30, 38]. One study
reported reduced levels of adhesion receptors for collagen
and vWF (GPVI and GPIba) on circulating platelets during
ECMO assistance [33]. Platelet function was investigated
in one study by measuring soluble markers of platelet acti-
vation [35]. This study reported a decline in platelet acti-
vation markers, B-thromboglobulin and PF4, during the
first 3 days of ECMO support compared with baseline [35].
Seven days after ECMO start, p-thromboglobulin levels
remained low, while PF4 levels had returned to baseline
values [35]. Another study examined platelet activation
analysing the expression of activation-dependent platelet
surface markers (CD62 and CD63) [38]. Both biomarkers
were decreased during the ECMO run [38].

Secondary outcomes

Considering only the studies reporting a confirmed diag-
nosis of HIT, the lowest prevalence of HIT was 0.8%,
whereas the highest was 22.2% (2=81.4%) [6, 8, 2426,
28, 29, 31, 34—36, 39]. The pooled prevalence of confirmed

HIT was 3.7% (Fig. 2) (95% CI 1.8-5.5; 12 studies). Eight
trials reported about alternative therapy to heparin when
HIT was suspected [8, 24, 26, 28, 29, 31, 36, 39]. Arga-
troban was utilized in 6 studies, whereas bivalirudin was
administered only in 2 studies [8, 26, 28, 29, 31, 36, 39].
Fondaparinux was used in one study [24]. Meta-regression
analysis investigating potential effects of ECMO duration
with the occurrence of thrombocytopenia revealed no sig-
nificant relationship (P=0.199) (Supplemental Data).

Bleeding events were reported only in 6 studies [7,
24-26, 35, 37]. The lowest and the highest prevalence of
bleeding was 16.6% and 50.7%, respectively [7, 24]. One
study, comparing ECMO patients primarily supported
with bivalirudin versus heparin, showed that bivaliru-
din patients experienced fewer bleeding events than the
heparin patients [26]. The re-exploration rate because of
bleeding was described in 2 studies and ranged from 33.3
to 34.6% [25, 31]. Only 2 studies reported the rate of need
of platelet transfusion, which varied from none to 21.8%
of patients [6, 24]. In-hospital mortality was also evalu-
ated as secondary outcome. It was reported in all but five
studies and ranged from 6 to 88.3% of ECMO patients
[6-8, 24-26, 28, 29, 31, 34, 35, 37, 38, 40].
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Laverdure 2016 0.041 (0.000, 0.087) 3/73 - H
Chung 2017 0.077 (0.000, 0.222) 1/13 —a—
Ljajikj 2017 0.222 (0.101, 0.344) 10/45 R
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Fig. 2 a Forest plot of the overall prevalence of thrombocytopenia in adult ECMO patients; b forest plot of prevalence of thrombocytopenia in V-A
ECMO patients; ¢ forest plot of prevalence of thrombocytopenia in V-V ECMO patients; d forest plot of the overall prevalence of heparin-induced

thrombocytopenia in adult ECMO patients

Sensitivity analyses

Fixed-effects models did not materially change the results
of our primary analyses. We also conducted sensitivity
analyses in 9 trials identified as being at low risk of bias [8,
26, 28, 31, 32, 35-37, 39]. These trials reported outcomes

in 6.555 participants. They reported a thrombocytopenia
pooled prevalence of 21.7% in overall ECMO (95% CI,
0.080-0.354; I*=96.25%; p<0.001); 9.4% in V-A ECMO
(95% CI, 0.048—0.140; I>=5174%; p=n.s.); 33.6% in V-V
ECMO (95% CI, —0.052 to 0.724; I? =9660%; p <0.001).



Moreover, they reported an HIT pooled prevalence of
5% in ECMO patients (95% CI, 0.019-0.082; I =8730%,
p<0.001).

Including the two studies with less than 10 enrolled
patients, we did not find any difference for all the out-
comes analysed [supplemental references 1, 2]. The
thrombocytopenia pooled prevalence in overall ECMO
was 23% (95% CI, 0.150-0.309, I*=9525%, p <0.001); in
V-A ECMO was 28.9% (95% CI, 0.169-0.409, I>=9539%,
p<0.001); in V-V ECMO was 26% (95% CI, —0.029 to
0.549; > =9756%; p <0.001). The HIT pooled prevalence
was 5% (95% CI, 0.027—0.073; I*=8764; p<0.001) (Sup-
plemental material).

Discussion

This systematic review and meta-analysis showed that
thrombocytopenia has a considerable prevalence (up to
21%) in ECMO patients. Thrombocytopenia has been
demonstrated in patients undergoing different mechani-
cal circulatory support (cardiopulmonary bypass,
intra-aortic balloon pump, left ventricular assist device
(LVAD)) [41-46] (Figure 4 in Supplemental material).
The origin of thrombocytopenia is likely multifactorial
(contact with foreign surfaces, platelet activation, inflam-
matory and coagulative cascade activation), with sepsis,
medications, surgery, bleeding, intravascular devices, and
blood transfusions as contributing factors [41-43] (Fig-
ure 3 and Figure 4 in Supplemental material). We found
that platelet count usually continues to decline over the
first 2-3 days up to 7 days after ECMO implantation.
Although in the literature strong evidence is still lacking,
possible causes for a quick decrease in platelet count are
patient’s primary disease, toxic drug effects, anticoagula-
tion (HIT) and ECMO system used [29]. Besides the rapid
occurrence of the phenomenon, one of the main observa-
tions in the present systematic review and meta-analysis
is that thrombocytopenia is common in ECMO patients,
regardless the type of ECMO mode. Malfertheiner et al.
[29] showed in their RCT that platelet count decrease is
independent by the applied ECMO technology. Although
thrombocytopenia pooled prevalence is similar between
V-A ECMO (23.2%) and V-V ECMO (25.4%) patients,
we could speculate that the original mechanism is differ-
ent in the two ECMO modes. Patients undergoing V-A
ECMO represent a population with cardiorespiratory
failure and associated diseases that may predispose them
to have a pre-ECMO thrombocytopenia. Patients in
refractory cardiac arrest, in fact, often have platelets and
coagulation disorders that enhance during V-A ECMO
run [40]. Similarly, post-cardiotomy ECMO is more
prone to develop thrombocytopenia [31]. In our analysis,
7% and 3% of V-A ECMO were implanted after open-
heart surgery and cardiac arrest, respectively. Moreover

it is also likely that hemodynamic differences in perfusion
rates and pressures (i.e. high flow required to guarantee a
good oxygenation during V-V ECMO [11]) lead to a vari-
able shear stress and consequent platelet activation and
aggregation. Therefore, we could suppose that platelet
impairment may vary also according to different ECMO
configurations (i.e. central vs. peripheral cannulation) [4,
5,47].

We found that several studies have shown impairment
in platelet function during ECMO including in platelet
aggregation [7, 16, 27, 30, 38].

At the same time, platelets also show receptor shed-
ding [33]. Lukito et al. [33] demonstrated a significant
reduction in the expression of adhesion receptors (GPIba
and GPVI). This process decreases the binding capac-
ity of platelets to vWF and collagen, leading to impaired
platelet function [33]. Chung et al. [35] reported reduced
levels of biomarkers of platelet activation, PF4 and
3-thromboglobulin, during ECMO as compared to base-
line. Kalbhenn et al. [38] showed a reduced expression of
CD62 and CD63, biomarkers of impaired granule secre-
tions. Functional and structural thrombocytes integrity
in ECMO patients, therefore, still represents a relevant
field of investigation to enhance patient management and
impact complication rates, in both thromboembolic and
bleeding disorders.

Unexpectedly, we found that ECMO duration has not
a significant relationship with the occurrence of throm-
bocytopenia. Abrams and associated reported the same
results in their analysis [6]. Even considering and con-
trolling potential confounding factors, they were unable
to demonstrate that the number of days on ECMO was
associated with a worsening in thrombocytopenia [6].
Conversely to our findings, Weingart [48] and Panigada
[49] reported that platelet count is related to ECMO
duration. However, their results might be affected by the
patient illness, the lower baseline platelet count, and the
development of hepatic or renal failure. After the initial
activation of the inflammatory response, the endotheli-
zation process that occurs after few days on ECMO sur-
faces, especially in the oxygenator, could protect from a
steady thrombocytopenia and platelet dysfunction [50,
51]; the new generated platelets after 8—9 days (platelet
lifespan) might be not affected anymore by the inflamma-
tory and coagulative cascade triggered by ECMO [52].

Heparin-induced thrombocytopenia (HIT), an
immune-mediated coagulation side effect of heparin
therapy characterized by thrombocytopenia and by
a paradoxical prothrombotic state following heparin
exposure, could complicate ECMO treatment.[26, 36,
39, 53]. In adult patients receiving heparin, the preva-
lence of HIT is reported to be 0.5-5% [54, 55]. We
found the HIT pooled prevalence is 3.7%. However,



tests required to diagnose HIT in ECMO patients are
rarely performed, indicating that actual HIT rate in
ECMO patients is highly underestimated and some-
times an approach to “diagnose” HIT is to switch to an
alternative anticoagulant like Argatroban or Bivalirudin
based on clinical suspicion and low platelet count [28,
29, 31]. In our review, seven studies report a confirmed
diagnosis of HIT through laboratory tests [6, 8, 28, 31,
34, 36, 39]. All of them declared HIT occurrence as a
primary outcome.

The clinical implication of thrombocytopenia during
ECMO treatment is bleeding, a common event in this
setting [4, 5]. The included studies in this systematic
review and meta-analysis showed a high rate of bleed-
ing (16.6—50.7%) in ECMO patients.

Despite the release in 2014 of ELSO anticoagula-
tion guidelines with the aim to standardize the ECMO
management, remarkable heterogeneity still persists
among ECMO centres and no major advance has been
observed in the prevention or reduction of bleeding
complications [15, 56]. Since heparin represents the
usual first-line anticoagulant, commonly, post-car-
diotomy V-A ECMO is associated with a high rate of
bleeding events and changes in the coagulation cas-
cade [57, 58]. However, other anticoagulants have been
shown less haemorrhagic complications than heparin.
Pieri et al., indeed, demonstrated that ECMO patients
on bivalirudin experienced fewer bleeding events than
ECMO patients on heparin. Moreover, we found that
re-explorations for bleeding (34%) are reported mostly
for post-cardiotomy ECMO. This result could be justi-
fied by several points: (1) the heparin administration
during cardiopulmonary bypass; (2) patients who have
undergone cardiac surgery are prone to develop HIT
[59]; (3) the inflammatory response after surgery; and
(4) the perioperative rate of blood product transfusions.

However, the relationship between thrombocytope-
nia and bleeding is bidirectional and there is a positive
feedback: bleeding frequently causes thrombocytope-
nia, which can subsequently increase bleeding risk [60,
61]. Nevertheless, multiple factor might be associated
with bleeding events, besides thrombocytopenia and
platelet impaired function, as like as elderly age, cen-
tral cannulation, delayed sternal closure, and excessive
anticoagulation [62]. Haemorrhagic complications,
and blood product transfusions, are frequent and
directly linked to patient mortality in up to 17% of sup-
ported patients [4, 5, 16, 62]. Even if we found a high
in-hospital mortality prevalence (6—88%), this result is
unlikely due solely to thrombocytopenia and platelet
dysfunction. We could speculate that the high range of
mortality is related to the different ECMO indications
[62]. Despite advances in management and technology,

mortality in ECMO patients remains substantial (V-V:
30-40%; V-A: 60-70%) [62].

Strengths and limitations

The findings and interpretations of this meta-analysis
and systematic review are limited by the quality of avail-
able evidence. The studies population showed high het-
erogeneity and thus must be interpreted with care. No
sufficient information was available to perform other
subgroup analysis besides the ECMO mode. Not enough
data were reported about the technology used, the prim-
ing solution, and the antiplatelet medication taken.
Moreover, the studies included in the meta-analysis are
designed to specifically find out the incidence or suspi-
cious of HIT and may affect our results, overestimat-
ing the occurrence of the disease. Additionally, of 21
studies included, 9 have a low risk of bias. Moreover,
among these 9, only one is a RCT enrolling about 100
patients [37]. Therefore, large prospective randomized
trials are required to better analyse and understand the
phenomenon.

Notwithstanding these limitations, the present meta-
analysis provides the most comprehensive evaluation of
thrombocytopenia and platelet function in adult ECMO
patients.

Conclusions

Thrombocytopenia and platelet dysfunction are common
in ECMO patients, regardless the type of ECMO mode.
Moreover, the ECMO duration does not seem to have
any impact on the decrease of platelet count. The under-
lying mechanisms are multifactorial, and understanding
and management are still limited. Further research to
design appropriate strategies and protocols for its moni-
toring, management, or prevention should be a matter of
thorough investigations.
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