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Introduction

A possible complication after heparin administration is 
heparin-induced thrombocytopenia (HIT), which has a 
mortality up to 30%.1,2 In HIT patients, thrombocytope-
nia occurs approximately 4 days after heparin adminis-
tration.3 Patients with HIT have a risk of 40-50% to 
develop thrombosis if heparin is not discontinued and 
not changed to an alternative anticoagulation drug. The 
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direct thrombin inhibitor (DTI) argatroban can be used 
as an alternative anticoagulation drug.1,4

The prevalence of HIT in adults is about 0.2-5.2%.5,6 
Data about the prevalence of HIT in patients with extra-
corporeal membrane oxygenation (ECMO) are rare. 
Sokolovic et  al.7 reported a prevalence of 8.3% in a 
cohort of 96 ECMO patients.

HIT is caused by antibodies binding to a complex of 
heparin and platelet factor 4.8 These antibodies are 
detectable with an enzyme-linked immunosorbent 
assay (ELISA) or with a more specific functional assay, 
such as the serotonin release assay (SRA).9,10

Although the need of discontinuation of heparin in 
patients with HIT is evident, the role of a heparin-bonded 
circuit in patients on ECMO is unclear, and the question 
of whether these patients should be changed on a non-
heparin-bonded circuit remains contentious. Case 
reports have been published of patients with acute HIT 
while undergoing ECMO support with a heparin-coated 
system.11–17 Pappalardo et al. reported a case in which the 
HIT reaction continued despite systemic anticoagulation 
with heparin was discontinued and changed to the DTI 
bivalirudin. In this case, the patient showed persistent 
thrombocytopenia and a concomitant thromboembolic 
event while remaining on the heparin-bonded circuit.11 
Other case reports show good evolution without chang-
ing the heparin-bonded ECMO circuit to a non-heparin-
bonded circuit.16,17 Data for clear evidence if a 
heparin-bonded ECMO system per se leads to generation 
of HIT antibodies and interacts with platelets or leads to a 
different outcome of the patients when further exposure 
of systemic heparin is avoided are sparse.

We retrospectively evaluated clinical outcomes and 
platelet counts of patients with new diagnosed HIT and 
on heparin-bonded ECMO circuits after discontinua-
tion of heparin.

Patients and methods

Management of anticoagulation and 
ECMO

This was a retrospective single-center study that 
included patients with ECMO and positive test for HIT 
by a SRA between July 2008 and July 2017.

All patients received anticoagulation with continu-
ous unfractionated heparin with a goal for an activated 
partial thromboplastin time (aPTT) of 50-60 seconds. 
In our institution, patients were routinely tested for HIT 
by an IgG anti-heparin/PF4 antibody–based ELISA 
(LIFECODES; Immucor, USA) if they had a drop in 
platelet count of more than 50% after administration of 
heparin. In addition, any clotting of the device system 
(including the oxygenator) was seen as a risk factor for 
HIT and these patients were tested too. An optical den-

sity (OD) of 0.400 in the ELISA was used as a cut-off for 
a positive test. If the ELISA test was positive, a SRA was 
performed to confirm the diagnosis of HIT. In these 
patients, heparin infusion was discontinued and antico-
agulation was continued with argatroban. A dose of 
2 mcg/kg/min was started over 1-3 hours until steady 
state of aPTT was 50-60 seconds, followed by continu-
ing with decreased doses (0.5-1 mcg/kg/min) to keep 
the aPTT at 50-60 seconds.

After diagnosis of HIT, mean platelet counts (k/µL) 
were measured on consecutive days for 14 days. HIT-
related complications and outcome were observed. No 
patient was changed to a non-heparin-bonded circuit. 
Patient data were obtained through the electronic medi-
cal record (Cerner Corporation, Kansas City, MO, USA).

ECMO circuits consisted of a Quadrox oxygenator 
(MAQUET Cardiovascular, Wayne, NJ, USA) and either 
a Rotaflow® centrifugal pump (MAQUET Cardiovascular) 
or a Centrimag® centrifugal pump (Thoratec Corporation, 
Pleasanton, CA, USA).

Attending intensivists or attending cardiac surgeons 
performed ECMO placement. In most patients, ECMO 
was placed percutaneously by the cardiac intensivist. 
The intensive critical care unit (ICCU) team of ECMO-
specialized nurses, nurse practitioners (NPs), and 
intensivists provided subsequent management and care 
of the patients.

The study has been reviewed by our institutional eth-
ics committee and therefore has been performed in 
accordance with the ethical standards of the Declaration 
of Helsinki. The file number of the ethical committee 
approval is STUDY00002125.

Statistical analysis

Data are reported as percentages for categorical vari-
ables, means ± standard deviations for continuous vari-
ables that are evenly distributed, and/or medians and 
interquartile ranges (IQRs) for continuous variables that 
are unevenly distributed. We used a chi-squared test to 
compare the outcome of HIT-positive patients with the 
overall outcome of our ECMO patients.

Results

Out of 455 patients, 14 patients (3.1%) had a diagnosis 
of HIT by SRA and were discontinued from heparin 
(Table 1). A total of 11 (78.6%) patients were on veno-
arterial ECMO and 3 (21.4%) were on veno-venous 
ECMO. The mean total time on ECMO was 13.6 days 
(SD ± 5.65; range 3-23).

Three patients (21.4%) died. In one patient, treat-
ment was withdrawn due to multiorgan failure after 
coronary artery bypass graft and aortic valve replace-
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ment. One patient died because of brain bleeding and 
one patient due to sepsis with multiorgan failure after 
myocardial infarction and complicated chest liposar-
coma with pneumothorax.

After heparin cessation, platelet counts increased from a 
mean of 59.8 (SD ± 32.24; range: 22-132) at the time of 
HIT diagnosis to a mean of 280.2 (SD ± 178.29; range: 
61-600) at 14 days after discontinuation of heparin. Figure 
1 shows the course of platelets after discontinuation of hep-
arin of each patient. There were three patients who 
remained on ECMO for the whole 14 days after discontin-
uation of heparin. In these three patients, platelet counts 
increased from a mean of 45.67 (SD ± 28.75) at day of 
heparin discontinuation to a mean of 141 (SD ± 21.66) at 
14 days after discontinuation. Figure 2 demonstrates the 
mean platelet count comparing to the number of patients 
on ECMO over the 14 days after heparin was discontinued.

One patient with an acute myocardial infarction, 
treated with percutaneous coronary intervention (PCI) 
and stent, was weaned from ECMO after myocardial 
recovery, but had to be placed on ECMO again after a 
new cardiogenic shock due to stent occlusion occurred 
1 day later (see arrow in Figure 1).

The mean amount of unit of platelets given per 
ECMO day was 0.31 (SD ± 0.327; range 0-1.0).

The HIT patients outcome was 78.6%, which was non-
significantly higher than the total outcome of all ECMO 
patients in this frame, which was 54.1% (p = 0.360).

The amount of platelet transfusion necessary after 
switching to argatroban was not different.

We detected four clotted ECMO venous cannulas in 
the whole cohort. Another four patients lost a leg due to 
limb ischemia. The amount of severe hemorrhagic com-
plications in the whole cohort was similar to the data 
published by Extracorporeal Life Support Organization 
(ELSO).18

Discussion

The prevalence of HIT in our study cohort was 3.1%, 
which is in the range of the prevalence from studies with 
adult HIT patients without circulatory support but 
slightly lower than the prevalence of 8.3% from a 
recently published cohort of 96 ECMO patients.7 In 
patient populations on intensive care units (ICUs) with-
out ECMO, the prevalence of HIT seems to be lower and 
ranges from 0.2% to 5.2%.5,6 The reason for this remark-
able difference remains unclear.

To avoid false positive results, all ELISA positive-
tested patients were confirmed by SRA, which is more 
specific than an ELISA.9,10 The 4T score is often used to 
evaluate pre-test probability of HIT before testing for 
HIT antibodies. This might be useful in the setting of 
ICU patients without an extracorporeal device. The 
score considers (1) platelet count or reduction of platelet 

Table 1. Characteristics of patients with heparin-induced thrombocytopenia on extracorporeal membrane oxygenation.

Variables (n = 14) (n = 455)

Age (mean, years) 52.43 (SD ± 13.178; 28-70) 51.88 (SD ± 15.99; 18-82)
BMI (mean, m2/kg) 29.99 (SD ± 7.767; 17.58-43.58) nn
Total time on ECMO (mean, days) 13.57 (SD ± 5.653; 3-23) 9.46 (SD ± 10,87; 1-136)
Time on ECMO with systemic heparin (mean, days) 6.93 (SD ± 4.104; 1-17) nn
Time on ECMO without systemic heparin (mean, days) 6.21 (SD ± 5.886; 0-18) nn
Patient on veno-arterial ECMO (n) 11/14 (78.6%) 364/455 (80.0%)
Patient on veno-venous ECMO (n) 3/14 (21.4%) 91/455 (20.0%)
Survive to discharge rate (n) 11/14 (78.6%) 246 (54.1%)
Platelet count at days of heparin discontinuation (mean) 59.79 (SD ± 32.238; 22-132) nn
Unit of platelets after heparin discontinuation (mean) 0.31 (SD ± 0.327; 0-1.0) nn
Reasons for ECMO support
Primary cardiogenic shock (n) 7 (50.0%) 243 (53.4%)
 Acute myocardial infarction (n) 5 (35.7%) nn
 Dilated cardiomyopathy (n) 1 (7.1%) nn
 Viral myocarditis (n) 1 (7.1%) nn
Pulmonary embolism (n) 3 (21.4%) 18 (4.0%)
ARDS (n) 2 (14.3%) 127 (27.9%)
Heart failure after CT surgery (not off pump) (n) 2 (14.3%) 17 (3.7%)
Primary graft failure after heart transplantation 0 (0%) 10 (2.2%)
Septic shock with cardiac dysfunction 0 (0%) 3 (0.7%)
High-risk cardiac procedure 0 (0%) 5 (0.1%)
Combined respiratory and cardiac dysfunction 0 (0%) 30 (6.6%)

BMI: body mass index; ECMO: extracorporeal membrane oxygenation; ARDS: acute respiratory distress syndrome; CT: cardiothoracic.
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count, (2) the time thrombocytopenia occurs after hep-
arin initiation, (3) thrombosis or other complications, 
and (4) if there is a reason for thrombocytopenia other 
than HIT. Particularly, Point 4 of the score leads to prob-
lems in the ECMO patient population, because a reason 
for thrombocytopenia could be the ECMO system itself. 
Therefore, we did not use the score in our cohort.

Three of the HIT patients died. Two patients passed 
away due to a multiorgan failure and one because of a 
brain bleeding. HIT is known to possibly lead to throm-
botic events, which could lead to stroke and eventually 
to brain bleeding and also to multiorgan failure. 
Therefore, HIT could have contributed to the death of 
the three patients in the described group. However, one 
of the patients with the multiorgan failure also had the 
signs for sepsis (including leukocytosis and positive 
blood culture) and the other one had an ongoing multi-
organ failure after a severe cardiogenic shock.

In the whole cohort, we saw four clotted venous ECMO 
cannulas. No clotted arterial cannula was detected. We did 
not see any remarkable difference in bleeding complica-
tions compared to ELSO-published data.18

The platelet count in the HIT patients did not 
decrease further after stopping the systemic heparin 
treatment and continuing with argatroban. After a brief 
period of recovery, the platelet count of the patients with 
HIT was not remarkably different to the course of plate-
let counts from other patients under ECMO support 
without HIT. Patients are often thrombocytopenic for 
other multiple factors on ECMO. Seven of the patients 
were weaned from ECMO during the 14 days after hepa-
rin cessation and remained off ECMO support. As soon 

Figure 1. Platelet counts of 14 HIT-positive patients on ECMO after discontinuation of systemic heparin administration.
Red part of the graph shows platelet counts while the patient undergoes ECMO; blue part of the graph shows platelet counts after ECMO was 
weaned; the arrow points on the graph of one patient who was weaned from ECMO and needed another ECMO support after 1 day; in two 
patients, ECMO was discontinued when UFH was stopped (blue line from start to end); in two patients, ECMO was discontinued when UFH 
was stopped because these patients were hemodynamically stable and weaning from ECMO in these cases was independent from the fact of HIT 
diagnosis.

Figure 2. Mean platelet counts of HIT-positive patients 
on extracorporeal membrane oxygenation (ECMO) after 
discontinuation of systemic heparin administration.
The columns show the number of patients on ECMO.
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as the patients were decannulated from the ECMO 
device, platelet counts increased (see blue graphs in 
Figure 1), which was expected due to drop out of multi-
ple factors from the device. It is difficult to say whether 
or not the discontinuation of the bonded heparin in the 
ECMO circuit contributed to this. However, although 
with a less slope, platelet count also increased in the 
three patients who remained on ECMO for the whole 
14 days after heparin discontinuation.

So far, there are no existing data proving if heparin, 
chemically bonded to the ECMO system, affects the gen-
eration of HIT antibodies.19 The manufacturer of the 
heparin-coated ECMO circuit (BIOLINE coating; 
MAQUET) announced that the heparin molecules in the 
circuit are attached by the formation of covalent bonds 
and ionic interactions with on the extrinsic surface 
adsorbed albumin. The bonded heparin is not “active” 
and has almost no anti-factor Xa activity. However, small 
parts of the heparin are not meshed with the albumin 
molecules and can leak out and eventually become 
“active.”20 Koster et al.21 could show that HIT antibodies 
disappear in patients with heparin-coated ventricular 
assist devices (VADs) when systemic heparin was discon-
tinued. Beiras-Fernandez et al.22 showed an extreme pos-
itive immunoreaction for PF4 antibodies in VAD thrombi 
of six patients with heparin-coated VADs and HIT.

However, to what degree the heparin-coated ECMO 
circuit contributes to the generation of HIT antibodies 
remains unclear. Even if small parts of heparin leak out 
and eventually become active, it remains uncertain if the 
amount of antibodies is sufficient to interact signifi-
cantly with platelets when systemic exposure to heparin 
is avoided.

Due to some case reports, there is concern about pos-
sible increase of thrombotic events after platelet transfu-
sion in patients with HIT.23,24 In contrast, in a case series of 
36 HIT patients, no additional thromboembolic event was 
seen after platelet transfusion.25 Also, Welp et al.12 describe 
a case of a HIT patient on ECMO without thromboem-
bolic events after platelet transfusion. Our HIT-positive 
patients on average received about one unit of platelets 
every 3 days (mean platelet transfusion per day 0.31). We 
did not observe a higher amount of events suggesting of 
thromboembolic origin in the patients after platelet trans-
fusion. There was no difference regarding the outcome in 
patients with higher mean platelet transfusion per day. In 
this small patient population, the transfusion of platelets 
in HIT-positive patients seemed to be less critical.

We used argatroban as alternative for anticoagulation 
in the HIT patients. Other DTIs that were used for HIT 
patients in ECMO are bivalirudin and lepirudin.11,15,26 
Short half-life of bivalirudin (25 minutes) may even be 
advantageous compared to argatroban (39-51 minutes) 
and lepirudin (78 minutes) for titration of anticoagulation. 
However, randomized controlled studies are necessary to 

determine safety and efficacy for the use of the different 
DTIs during ECMO.15

Changing the ECMO circuit is not without risk. 
Potential complications like blood loss, air embolism, 
contamination of the circuit, and hemodynamic insta-
bility during the procedure can occur. In addition, a new 
circuit increases the cost of the treatment. Therefore, 
careful consideration of risks and benefits should be 
given before changing the circuit in an ECMO patient.

Limitations

The main limitations of this study include the retrospec-
tive nature and limited number of patients in this single-
center cohort.

Conclusion

Our data support the safety of continuation with a hep-
arin-bonded ECMO circuit in HIT-positive patients. 
The survival rates of our HIT patients were not signifi-
cant lower than the survival rate of the non-HIT ECMO 
patients.

This study is limited by the small sample size. Further 
studies with larger sample sizes should evaluate the 
presence of ongoing platelet antibody activity with hep-
arin-bonded ECMO systems and long-term clinical out-
comes. We believe that the existing data on HIT 
complications in patients undergoing ECMO support 
should not automatically trigger the change of the hepa-
rin-bonded ECMO circuit to a non-heparin-bonded 
ECMO circuit.
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