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Background: Heparin-induced thrombocytopenia (HIT) is a severe antibody-mediated reaction leading
to transient prothrombosis. However, its incidence in patients on extracorporeal life support (ECLS) is not
well described. The aim of this systematic review was to report the incidence of HIT in patients on ECLS, as
well as compare the characteristics and outcomes of HIT in patients undergoing veno-arterial extracorporeal
membrane oxygenation (VA-ECMO) and veno-venous ECMO (VV-ECMO).

Methods: An electronic search was performed to identify all studies in the English literature examining
outcomes of patients with HIT on ECLS. All identified articles were systematically assessed using specific
inclusion and exclusion criteria. Random effects meta-analysis as well as univariate analysis was performed.
Results: Of 309 patients from six retrospective studies undergoing ECLS, 83% were suspected, and
17% were confirmed to have HIT. Due to the sparsity of relevant retrospective data regarding patients
with confirmed HIT on ECLS, patient-based data was subsequently collected on 28 patients from case
reports and case series. Out of these 28 patients, 53.6% and 46.4% of them underwent VA-ECMO and VV-
ECMO, respectively. Patients on VA-ECMO had a lower median platelet count nadir (VA-ECMO: 26.0
vs. VV-ECMO: 45.0 per pL, P=0.012) and were more likely to experience arterial thromboembolism (VA-
ECMO: 53.3% vs. VV-ECMO: 0.0%, P=0.007), though there was a trend towards decreased likelihood
of experiencing ECLS circuit oxygenator thromboembolism (VA-ECMO: 0.0% vs. VV-ECMO: 30.8%,
P=0.075) and thromboembolism necessitating ECLS device or circuit exchange (VA-ECMO: 13.3% vs.
VV-ECMO 53.8%, P=0.060). Kaplan-Meier survival plots including time from ECLS initiation reveal no
significant differences in survival in patients supported on VA-ECMO as compared to VV-ECMO (P=0.300).
Conclusions: Patients who develop HIT on VA-ECMO are more likely to experience more severe
thrombocytopenia and arterial thromboembolism than those on VV-ECMO. Further research in this area
and development of standardized protocols for the monitoring, diagnosis and management of HIT in

patients on ECLS support are warranted.
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Introduction

Extracorporeal life support (ECLS) is a form of temporary
life support for patients with life-threatening cardiac and/
or respiratory failure that has been increasingly used in
recent years with improvements in bypass techniques and
devices (1). Veno-venous extracorporeal membrane
oxygenation (VV-ECMO) provides respiratory support,
while veno-arterial ECMO (VA-ECMO) provides
cardio-respiratory support to patients with severe, but
potentially reversible, cardiac or respiratory failure
refractory to standard therapeutic modalities (2). Bleeding
and thrombotic complications remain a leading cause of
morbidity and mortality in patients on ECLS (1).

Heparin-induced thrombocytopenia (HIT) is a severe
and potentially life-threatening antibody-mediated reaction
caused by circulating heparin-platelet factor 4 (H-PF4)
complex antibodies leading to a transient prothrombotic
condition (3). Thromboembolic complications of HIT
can include pulmonary embolism, ischemic limb necrosis
necessitating limb amputation, acute myocardial infarction
and stroke (4). As exposure of patients on ECLS to
unfractionated heparin is universal, the incidence and
complications of HIT are important to consider in this
population of patients.

The 2012 American College of Chest Physicians HIT
guidelines do not provide guidance for the diagnosis and
management of HIT in patients on ECLS support (4), likely
due to the paucity of clinical evidence in this population.
Thrombocytopenia during ECLS support is often what
drives clinical suspicion of HIT, though diagnosis of HIT
in patients on ECLS support is often confounded by factors
inherent to the ECLS circuits themselves and a lack of
standardized protocols (1).

The aim of this review is to estimate the incidence of
HIT in patients on ECLS support and to compare the
characteristics and outcomes of HIT in patients with VA-
ECMO and VV-ECMO.

Methods
Literature search strategy

Thorough electronic searches were performed in
September 2018 using Ovid Medline, Cochrane Central
Register of Controlled Trials (CCTR), Cochrane Database
of Systematic Reviews (CDSR), Scopus and CINAHL.
Maximum sensitivity of the search strategy was achieved
by using the following search terms: (extracorporeal
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circulation OR ECMO OR ECLS OR assisted circulation
OR circulatory assist) AND (thrombocytopenia OR
serotonin release assay OR platelet factor OR aggregation).
The reference lists of all retrieved articles were reviewed
for further identification of potentially relevant studies and
assessed using the inclusion and exclusion criteria.

Eligibility criteria

Eligible studies for the present systematic review and meta-
analysis included patients who developed HIT during
ECLS support. Patients undergoing cardiopulmonary
bypass (CPB) were excluded. Patients <16 years of age were
also excluded. When institutions published duplicate studies
with overlapping individual patient data, only the most
complete reports were included for quantitative assessment
at each time interval. Due to paucity of data, individual
case reports were included in the analysis. We excluded
studies not published in the English language and those not
involving human subjects.

Definitions

Suspicion of HIT was raised in patients on ECLS by various
factors including a decrease in platelet count by >50% (5-9),
thrombotic event(s) (6,9,10), change in postoperative status (6),
duration of ECLS support >72 hours (11) and intermediate
to high 47Ts score (>3) (6,12). The cutoff criterion for HI'T
suspicion was not always specified or uniform for every
institution. H-PF4 antibody enzyme-linked immunosorbent
assay (ELISA) was performed as a screening test for HI'T
(13,14), where optical density (OD) values of equal to or
greater than 0.4 was considered positive. Following a positive
screening test, the diagnosis was usually confirmed by either
functional assays, such as serotonin release assay (SRA)
(6,8,15-17) or heparin induced platelet aggregation assay
(HIPA) (5,18,19), or a strong clinical suspicion of HI'T with
subsequent recovery of thrombocytopenia following heparin
discontinuation (8,10,20-24). High positive ELISA test result
(e.g., OD >1.0) alone was sometimes considered sufficient to
confirm the diagnosis of HIT (6,25). Pre-nadir platelet count
was defined as highest measured platelet count at any time
between initiation of ECLS support and onset of suspected
HIT (6,19,24).

Data extraction and statistical analysis

Studies included in the analysis were retrospective studies,
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case series or case reports. Data on retrospective studies and
case series with more than two patients were extracted for
meta-regression analysis. While retrospective studies and
case series provided study-level data on larger amount of
patients, they were far less granular. Therefore, individual
patient-level data from case reports and, when possible, case
series were extracted for more granular descriptive statistics
as well as Kaplan-Meier survival analysis.

The incidence of HI'T amongst those who received ECLS
was analyzed by performing a meta-regression analysis
of proportions using study-level pooled data from the
retrospective institutional studies. Baseline characteristics and
demographics were reported based on the patient-level data
using descriptive statistics [median and interquartile range
(IQR) or percentages] with the pooled number of individual
patients as the denominator. Continuous variables were
compared using Wilcoxon rank-sum test, while categorical
variables were analyzed using Chi-square test. Patient-
level survival and outcome data were also used to produce
descriptive statistics and Kaplan-Meier analysis. Separate
subgroup analysis was performed on patients with VA-
ECMO and VV-ECMO, when possible. All data analysis and
visualization were performed with R software, version 3.5.1
(R Foundation for Statistical Computing, Vienna, Austria). P
values <0.05 were considered statistically significant.

Results
Study characteristics

Overall, 4,471 articles were identified in the literature search.
Following application of the inclusion and exclusion criteria,
19 studies were included, of which five studies were single-
center retrospective studies, two were case series, and twelve
were case reports (Table I). A PRISMA flow diagram depicting
the overall search strategy is shown in Figure I. A total of
309 patients from five retrospective studies as well as one case
series were pooled to analyze the incidence of suspected and
confirmed HIT in patients on ECLS. Whereas, 28 patients
with confirmed HIT from twelve case reports, two case series,
as well as two retrospective studies with individual patient
data were pooled for a more granular univariate analysis and
production of Kaplan-Meier survival curves. A manual search
of references did not yield further studies.

Patient characteristics

Out of 309 patients identified in the retrospective studies
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and case series who underwent ECLS, 83% (95% CI,
47-96) were suspected, and 17% (95% CI, 5-48) were
confirmed to have HIT (Table 2). It is important to note
that there was significant heterogeneity in HIT incidence
on ECLS (I’=86%, P<0.01).

Univariate analysis for the 28 patients who were
identified to have confirmed HIT was subsequently
performed. Baseline patient demographics for the patients
with confirmed HIT are shown in 7able 3. The median age
at the time of ECLS treatment was 43.0 (IQR, 30.2-58.2)
and 18 (64.3%) were male. VA-ECMO was utilized in
15 patients (53.6%), whereas VV-ECMO was used in
13 patients (46.4%). The most common presentation was
acute respiratory distress syndrome (32.1%) followed by
myocardial infarction (21.4%). Detailed breakdown of
indication for ECLS is presented in 7able 3.

ECLS-related characteristics

ECLS-related characteristics are shown in Table 4. Patients
supported on VV-ECMO tend to have shorter duration of
support compared to those on VA-ECMO [VA-ECMO:
9 IQR, 8-12) days vs. VV-ECMO: 20 (IQR, 11-28) days,
P=0.081]. ECLS cannulation was performed centrally in
13.3% of all patients, all of which were on VA-ECMO,
whereas 86.7% were cannulated peripherally. Additional
support such as intra-aortic balloon pump (n=2, 7.1%),
Impella (n=1, 3.6%) and hemodialysis (n=4, 14.3%) was
required alongside ECLS. Concomitant surgeries were
performed in 5 patients (17.9%) while on ECLS support.

HIT-related variables, diagnosis and treatment

Overall, patients were on heparin for a median of 9 (IQR, 6-11)
days [VA-ECMO: 8 (IQR, 6-9) days vs. VV-ECMO: 11 (IQR,
5-17) days, P=0.247] and the median time to platelet nadir was
6 (IQR, 6-10) days [VA-ECMO: 6 (IQR, 6-6) days vs. VV-
ECMO: 11 (IQR, 6-14) days, P=0.119] (Table 5). Patients on
VA-ECMO support had a significantly lower median platelet
count pre-nadir [VA-ECMO: 100.5 (IQR, 88.0-135.2) per pLL
vs. VV-ECMO: 169.0 (IQR, 132.8-256.0) per pL, P=0.035]
and median platelet count nadir [VA-ECMO: 26.0 (IQR,
20.0-33.5) per pL vs. VV-ECMO: 45.0 (IQR, 38.0-60.0) per
pL, P=0.012]. A positive H-PF4 Ab ELISA test was observed
in 25 patients (89.3%), a positive SRA in 9 patients (32.1%),
and a positive HIPA in 6 patients (21.4%).

Overall, 22 patients (78.6%) were treated with
argatroban, 4 (14.3%) were treated with bivalirudin, and
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Study period T # of patients VA-ECMO WW-ECMO # of patients

First author Year Institution P on ECLS with HIT

Sokolovic (6) 2016 Medstar Washington Hospital 2009-2013  Retrospective 96 96 0 8
Center, Washington, DC, USA

Beiderlinden (5) 2007 Universitat Duisburg-Essen, 2005-2006 Retrospective 9 0 9 3
Germany

Natt (8) 2017  University of Arizona Medical N/A Case series 5 0 ) 3
Center, Tucson, AZ, USA

Chen (15) 2017 University of Texas N/A Case report 1 1 0 1
Southwestern Medical Center,
Dallas, TX, USA

Dolch (24) 2010 University Hospital N/A Case report 1 0 1 1
Grosshadern, Munich,
Germany

Koster (21) 2017 Ruhr-University Bochum, N/A Case report 1 0 1 1
Germany

Phillips (9) 2014  University of North Carolina, N/A Case report 1 0 1 1
Chapel Hill, NC, USA

Gellatly (10) 2014 Alfred Hospital, Melbourne,  N/A Case report 1 1 0 1
Australia

Sin (17) 2017 Massachusetts General N/A Case report 1 0 1 1
Hospital, Boston, MA, USA

ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation; HIT, heparin-induced thrombocytopenia; N/A, not
applicable; VA, veno-arterial; VV, veno-venous.
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(n=19)

Studies included in qualitative synthesis

Included

Y

(n=19)

Studies included in quantitative synthesis

Figure 1 PRISMA schematic diagram of the search strategy. PRISMA, preferred reporting items for systematic reviews and meta-analysis.
ECLS, extracorporeal life support; HI'T, heparin-induced thrombocytopenia.

Patients on ECMO Pooled value (%) [95% Cl] No. of studies No. of patients (n/N) I” (%)

HIT confirmed 17 [5-48] 24/309

2 (7.1%) were treated with lepirudin. Details regarding
the medical treatment for HIT are illustrated in Table 6.
In addition, platelet transfusion was provided to 5 patients
(17.9%) whereas 1 patient on VA-ECMO (3.6%) underwent
plasmapheresis. There were no significant differences
amongst the various treatment options for patients on VA-
ECMO as compared to VV-ECMO.

Complications

Complications experienced by patients on ECLS with HIT
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included 15 (53.6%) patients with thrombosis [VA-ECMO,
n=10 (66.7%) vs. VV-ECMO, n=5 (38.5%), P=0.266]
and 6 (21.4%) patients with bleeding [VA-ECMO, n=2
(13.3%) vs. VV-ECMO, n=4 (30.8%), P=0.509]. Arterial
thromboembolism occurred in 8 patients (28.6%), venous
thromboembolism occurred in 6 patients (21.4%), and
ECLS circuit thrombosis in 6 patients (21.4%). Patients
supported on VA-ECMO were more likely to experience
arterial thromboembolism as compared to VV-ECMO [VA-
ECMO, n=8 (53.3%) vs. VV-ECMO, n=0 (0%), P=0.007]
with venous thromboembolism incidence comparable
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Variable

VA-ECMO (n=15)

VWV-ECMO (n=13) Total (n=28) P value

Male, n (%) 10 (66.7)

8 (61.5) 18 (64.3) 1.000

Cardiac arrest, n (%)

2(13.3)

between the two groups [VA-ECMO, n=5 (33.3%) vs. VV-
ECMO, n=1 (7.7%), P=0.235] (Table 7). However, patients
on VA-ECMO had a trend towards decreased likelihood of
experiencing ECLS circuit oxygenator thromboembolism
[VA-ECMO, n=0 (0.0%) vs. VV-ECMO, n=4 (30.8%),
P=0.075] and thromboembolism necessitating ECMO
device or circuit exchange [VA-ECMO, n=2 (13.3%) vs.
VV-ECMO, n=7 (53.8%), P=0.060].
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1(7.7) 3(10.7) 1.000

Outcomes and survival

Median hospital length of stay was 42 (IQR, 28-70) days for
all patients, with no significant difference between VA and
VV-ECMO group [VA-ECMO, 51 (IQR, 35-61) days wvs.
VV-ECMO, 35 (IQR, 23-79) days, P=0.855]. The median
follow-up time from admission was 60 (IQR, 39-123) days,
the follow up time from ECLS initiation was 96 (IQR,

Ann Cardiothorac Surg 2019;8(1):19-31
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Table 4 Extracorporeal life support (ECLS) characteristics
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Variable VA-ECMO (n=15) VV-ECMO (n=13) Total (n=28) P value
ECLS support duration (days), median [IQR] 9 [8-12] 20 [11-28] 12 [8-21] 0.081
Cannulation, n (%)* 0.278
Central 2 (33.3) 0 (0.0) 2(13.3)
Peripheral 4 (66.7) 9 (100.0) 13 (86.7)
Additional/concomitant support, n (%)
Intra-aortic balloon pump 2(13.3) 0 (0.0 2(7.1) 0.528
Impella 1(6.7) 0 (0.0 1(3.6) 1.000
Hemodialysis 0(0.0) 4 (30.8) 4 (14.3) 0.075
Additional/concomitant surgeries, n (%) 3(20.0) 2 (15.4) 5(17.9) 1.000
Lung transplant 0 (0.0) 1(7.7) 1(3.6) 0.942
RVAD surgery 1(6.7) 0 (0.0) 1(3.6) 1.000
BiVAD surgery 1(6.7) 0 (0.0 1(3.6) 1.000
Colectomy 1(6.7) 0 (0.0) 1(3.6) 1.000
Hemothorax evacuation 0(0.0) 1(7.7) 1(3.6) 0.942

VA, veno-arterial; VV, veno-venous; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; RVAD, right ventricular assist
device; BiVAD, biventricular assist device. *, provided for six patients in the VA-ECMO group, and nine patients in the VV-ECMO group.

Table 5 Heparin-induced thrombocytopenia diagnosis and treatment in patients on VA as compared to VV-ECMO

Variable VA-ECMO (n=15) VV-ECMO (n=13) Total (n=28) P value
Positive H-PF4 antibody ELISA, n (%) 13 (86.7) 12 (92.3) 25 (89.3) 1.000
Positive serotonin release assay, n (%) 6 (40.0) 3(23.1) 9(32.1) 0.582
Positive heparin induced platelet aggregation, n (%) 2 (13.3) 4 (30.8) 6 (21.4) 0.509
Days on heparin, median [IQR] 8 [6-9] 11 [5-17] 9 [6-11] 0.247
Days to platelet nadir, median [IQR] 6 [6-6] 11 [6-14] 6 [6-10] 0.119
Platelet count pre-nadir (/pL), median [IQR] 100.5 [88.0-135.2] 169.0 [132.8-256.0] 131.0 [90.0-190.5] 0.035
Platelet count nadir (/pL), median [IQR] 26.0 [20.0-33.5] 45.0 [38.0-60.0] 34.0 [23.0-52.0] 0.012
Treatment, n (%)
Medication 0.981
Argatroban 12 (80.0) 10 (76.9) 22 (78.6)
Bivalirudin 2 (13.3) 2 (15.4) 4 (14.3)
Lepirudin 1(6.7) 1(7.7) 2(7.1)
Platelet transfusion 1(6.7) 4 (30.8) 5(17.9) 0.244
Plasmapheresis 1(6.7) 0 (0.0 1(3.6) 1.000

VA, veno-arterial; VV, veno-venous; ECMO, extracorporeal membrane oxygenation; H-PF4, heparin-platelet factor 4; ELISA, enzyme-linked

immunosorbent assay; IQR, interquartile range.
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Initial infusion dose Treatment duration Target ACT, lower Target ACT, upper Target aPTT, lower Target aPTT, upper

Medication (Mg/kg/min) (days) range (seconds) range (seconds)  range (seconds) range (seconds)

Hirudin derivatives 5.0 [3.5-6.5]** 4 [3-5]* 180 [165-190] 220 [210-260] 45 [45-45]* 50 [50-50]*
(all), median [IQR]

Lepirudin, median 2.0 [2.0-2.0]" 6 [6-6]" 150 [150-150]" 200 [200-200]" 45 [45-45]* 50 [50-50]*
IQR]

Variable VA-ECMO (n=15) VV-ECMO (n=13) Total (n=28) P value

Total thrombosis, n (%) 10 (66.7) 5 (38.5) 15 (53.6) 0.266

ECLS device/circuit exchange, n (%) 2 (13.3) 7 (53.8) 9 (32.1) 0.060
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Table 8 Outcomes of heparin induced thrombocytopenia in patients on ECMO
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Variable VA-ECMO (n=15) VV-ECMO (n=13) Total (n=28) P value
Hospital stay (days), median [IQR] 51 [35-61] 35 [23-79] 42 [28-70] 0.855
Follow up from admission (days), median [IQR] 86 [60-211] 35 [23-79] 60 [39-123] 0.143
Follow up from ECLS (days), median [IQR] 172 [96-253] 54 [24-92] 96 [44-156] 0.149
Follow up from platelet nadir (days), median [IQR] 168 [138-197] 39 [10-78] 88 [25-111] 0.165
Overall survival, n (%) 8 (53.3) 8 (61.5) 16 (57.1) 0.956
Heart transplant, n (%) 1(6.7) 0 (0.0) 1(3.6) 1.000
Lung transplant, n (%) 0 (0.0 2 (15.4) 2(7.1) 0.400
Causes of death, n (%)
Multiorgan failure 0 (0.0) 2 (15.4) 2(7.1) 0.400
Ischemic colitis 0 (0.0 1(7.7) 1(3.6) 0.942
Sepsis 1(6.7) 0 (0.0 1(3.6) 1.000
ARDS 0 (0.0 1(7.7) 1(3.6) 0.942
H1N1 influenza 0 (0.0 1(7.7) 1(3.6) 0.942
Pulmonary contusion 0 (0.0 1(7.7) 1(3.6) 0.942
Unspecified 6 (40.0) 0 (0.0 6 (21.4) 0.035

VA, veno-arterial; VVV, veno-venous; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; ECLS, extracorporeal life

support; ARDS, acute respiratory distress syndrome.

44-156) days and the follow up time from platelet nadir was
88 (IQR, 25-111) days (Tuble §).

A total of 16 patients (57.1%) survived until the end
of follow-up. Causes of death are shown in 7able 8. One
patient (3.6%) supported on VA-ECMO underwent heart
transplantation whereas 2 patients (7.1%) supported on
VV-ECMO underwent lung transplantation. Kaplan-Meier
survival plots from time of admission (Figure 2) reveal no
significant differences in survival in patients supported on
VA-ECMO as compared to VV-ECMO.

Discussion

ECMO maintains cardiopulmonary support, independent
of the lungs (VV-ECMO) and/or heart (VA-ECMO),
providing a temporary bridge to recovery, transplantation,
or long-term mechanical circulatory support after acute
pulmonary and/or cardiac failure (1). The interaction of
the nonbiological surface of an extracorporeal circuit and
blood leads to altered coagulation (26). The Extracorporeal
Life Support Organization (ELSO) guidelines suggest a
continuous infusion of unfractionated heparin during ECLS
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to achieve anticoagulation and use of heparin-coated circuits
(27,28). HIT is a severe adverse event with thromboembolic
complications secondary to exposure to heparin (29). There
is paucity in the report of incidence as well as guidelines to
aid in the monitoring, diagnosis and management of HIT
in patients on ECLS.

In this systematic review and meta-analysis of HIT in
ECLS, we demonstrate that of 309 pooled patients, 17%
were confirmed to have HIT. Of the 28 patients with
confirmed HIT on ECLS, 53.6% and 46.4% had undergone
VA-ECMO and VV-ECMO, respectively. Patients on
VA-ECMO had a lower median platelet count nadir and
were more likely to experience arterial thromboembolism,
though had a trend towards decreased likelihood of
experiencing ECLS circuit oxygenator thromboembolism
and thromboembolism necessitating ECLS device or
circuit exchange. It is possible that differences in heparin
dosing and partial thromboplastin time targets between
patients on VA-ECMO and VV-ECMO contribute to the
differences observed. Kaplan-Meier survival plots from time
of admission reveal no significant differences in survival

in patients supported on VA-ECMO as compared to VV-

Ann Cardiothorac Surg 2019;8(1):19-31
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Figure 2 Estimated survival of patients with confirmed HIT
post-ECLS during follow-up after time of admission, (A) in all
patients and (B) stratified by VA-ECMO and VV-ECMO groups.
HIT, heparin-induced thrombocytopenia; ECLS, extracorporeal
life support; VA, veno-arterial; VV, veno-venous; ECMO,

extracorporeal membrane oxygenation.

ECMO.

The diagnosis of HIT is based on both clinical suspicion
and pathologic confirmation (12). Clinical suspicion of HI'T
typically occurs with declining platelet counts in the setting
of active heparin use. However, thrombocytopenia in
critically ill patients is often multifactorial and may be due
to various inciting events making it difficult to distinguish
HIT from non-HIT thrombocytopenia in patients on
ECLS (12). Common causes of thrombocytopenia that
mimic the presentation of HIT (28,30) include circuit
related effects of mechanical circulatory support causing
platelet activation and aggregation (26,31), sepsis,
medications, surgery, bleeding, hemodilution, intravascular
devices and blood transfusions (11).

Patients on ECLS with HIT have much higher odds for
thromboembolism-independent of time spent on ECLS (6).
As such, recognition of HIT in ECLS is critical, as it
requires an urgent change in therapy. The incidence
of HIT in our study is higher than previously reported
in patients after cardiothoracic surgery (0.47%) (32) or
during ECLS (4.1% and 0.8%) (11,12) which emphasizes
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the challenges of diagnosing HIT in patients on ECLS.
As shown in our study, there is limited accord between
H-PF4 ELISA screening results and confirmed HIT cases
for patients on ECLS (3). Furthermore, HIT may still
be present in patients on ECLS despite negative testing
(5,33). According to our analysis, the SRA was positive only
in 32% of clinically confirmed HIT, which may indicate
that the test may not be specific enough. In fact, the IgG-
specific ELISA has been shown to have superior specificity
when compared to the SRA since among IgG, IgA, and IgM
antibodies that can be detected against the H-PF4 complex,
only the IgG antibody class can bind to the Fc receptor
and cause subsequent platelet activation, resulting in the
prothrombotic state (34).

We demonstrate that patients supported on VA-ECMO
were more likely to have a lower platelet count nadir
(P=0.012) and pre-nadir (P=0.035) as compared to those
supported on VV-ECMO. In terms of complications, as VA-
ECMO drains venous blood, oxygenates and subsequently
inputs into the arterial system (35), it is not surprising
that patients with HI'T on VA-ECMO were more likely
to experience arterial thromboembolism as compared to
those on VV-ECMO (P=0.007). It is possible that decreased
heparin dosing and partial thromboplastin time targets
in patients on VV-ECMO contribute to these differences
observed. Hence, with the same logic, patients on VV-
ECMO would have a lower incidence of HIT, higher
platelet count nadir and resulting increased incidence of
ECMO circuit oxygenator thromboembolism (P=0.075)
and thromboembolism necessitating ECLS device or circuit
exchange (P=0.060). Unfortunately, we were unable to
differentiate the incidence of these complications in patients
on different ECMO modalities.

Other potential explanations for the differences observed
between patients on VA-ECMO as compared to VV-
ECMO include that patients on VA-ECMO are a different
population with different etiology of cardiorespiratory
failure and concomitant illnesses that may predispose them
to have lower platelet count pre-nadir which continues
to a lower platelet count nadir. It is also plausible that the
hemodynamic properties of VA-ECMO with different
perfusion rates and pressures in the venous and arterial
system lead to higher shear and consequent platelet
activation and aggregation (1,26,31,35).

According to data from the annual international ELSO
Registry Reports (36), of 16,337 patients that received
ECLS for pulmonary support, 59% survived to discharge;
whereas of 15,942 patients that received ECLS for cardiac
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support, 42% survived to discharge. The similar survival
amongst patients supported on VA-ECMO as compared
to VV-ECMO with HIT may be due to the low number of
patients included in the study and resulting lack of power in
discerning significant differences (36).

Rapid and accurate diagnosis is paramount to avoid
the perils of misdiagnosis of HIT in patients on ECLS.
Consensus on heparin monitoring and therapeutic
targets, thorough inspection of the ECLS oxygenator (6),
monitoring pressures throughout the circuit (6) and
evaluation of system efficiency (lower PaO, and higher
PaCQ,) (6) as well as systematic use of the 4Ts (37) and HIT
Expert Probability Score (38) may help guide the decision
to test for HI'T, though, these scoring systems have not
been validated in patients receiving ECLS (37-39). Without
a validated pretest probability clinical score, maintaining a
high index of suspicion for HIT (8) and serosurveillance in
a defined high-risk patient on ECLS may be needed (6).

Limited experience with alternative anticoagulants
and various doses on ECLS include fondaparinux (10),
danaparoid (40), lepirudin (10,25,41), argatroban
(5,7,19,24,42), and bivalirudin (18) with variable success.
The 2012 American College of Chest Physicians HIT
guidelines did not provide guidance for patients on ECLS
support. However, they recommend bivalirudin for patients
with acute HIT who require urgent cardiac surgery over
other non-heparin anticoagulants and over heparin plus
antiplatelet agents (grade 2C) and bivalirudin (grade 2B) or
argatroban (grade 2C) for patients with HIT requiring acute
percutaneous coronary interventions (4). Not specific for
patients on ECLS, the American Society of Apheresis has
maintained a class 2C recommendation for plasmapheresis
as a therapeutic option for HIT (43). Although there was
conflicting initial data, platelet transfusion seems safe in
patients with HI'T, but transfusion is only recommended
in patients with clinical indications of bleeding or pending
invasive procedures (4).

In light of ongoing uncertainty in anticoagulation
strategy and anticoagulation monitoring in patients on
ECLS, a large randomized controlled trial with the goal
of defining the safest anticoagulation practice is currently
in progress in Australia (ACTRN12613001324707). This
study is being performed in patients without an additional
indication for therapeutic anticoagulation, by comparing a
standard systemic heparin anticoagulation strategy (aPTT
target 50-70 seconds) and lower-dose heparin (12,000
units/24 h—adjusted for body weight and aiming for an
aPTT b 45 seconds). Additionally, heparin alternatives
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should be subjected to clinical trials in these high-
risk patients as use of a non-heparin anticoagulant may
eliminate the clinical consequences of HI'T.

Limitations

This meta-analysis has several key limitations and must
be interpreted with care. Differences exist in individual
patient comorbidities, etiology of cardiorespiratory failure,
heparin formulations, ECLS circuit components and flow
hemodynamics. An additional drawback is the retrospective,
observational nature of the included studies and the lack of
protocol for HIT screening, which was subject to individual
clinician judgment. It is plausible that some patients not
tested could have had HIT. Furthermore, due to the lack of
granularity and availability of data, we were unable to assess
whether there were differences in heparin exposure prior to
ECLS as well as heparin dosing and partial thromboplastin
time targets for all study patients, which would be a risk
factor for HIT and thrombocytopenia, regardless of ECLS
modality. This in turn led to the lack of statistical power
in distinguishing the potential differences in the incidence
of HIT between different ECLS modalities, as well as in
complications such as oxygenator thrombosis and ECLS
device exchange. We acknowledge that this heterogeneity
in the study population and institutional protocol for
anticoagulation on ECLS, HIT assessment, diagnosis
and treatment is a fundamental limitation that cannot be
addressed due to inability to extract sufficient detail from
the pooled data. Publication bias as well as the small number
of patients limits the statistical power of the analysis. It has
to be also noted that, due to the nature of the data, Kaplan-
Meier survival plots reflect the starting point from the time
of admission and not from the diagnosis of HIT. These
limitations restrict the broader applicability of the results
presented in this study.

Conclusions

Patients who develop HIT on VA-ECMO are more likely
to experience more severe thrombocytopenia and arterial
thromboembolism than those on VV-ECMO; though, they
had a trend towards decreased likelihood to have ECLS
circuit oxygenator thromboembolism and thromboembolism
necessitating ECLS device or circuit exchange. Further
research in this area and development of standardized
protocols for the monitoring, diagnosis and management of
HIT in patients on ECLS support are warranted.
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