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Abstract

Veno-venous (VV) extracorporeal membrane oxygenation (ECMO) is increasingly used in Coronavirus disease-19 (COVID-
19) patients with the most severe forms of acute respiratory distress syndrome (ARDS). Its use is associated with a signifi-
cant hemostatic challenge, especially in COVID- 19 patients who have been demonstrated to otherwise present a COVID-
19-associated coagulopathy. The systematic use of unfractionated heparin therapy to prevent circuit thrombosis is warranted
during ECMO support. The clinical presentation and management of heparin-induced thrombocytopenia, which is a rare but
life-threatening complication of heparin therapy, has not been described in those patients yet. We report herein two cases
of laboratory-confirmed HIT in COVID-19 patients with severe ARDS admitted to our intensive care unit for VV-ECMO
support and the successful use of argatroban as an alternative therapy. We also provide a brief literature review of best evi-
dence for managing such patients. The diagnosis and management of HIT is particularly challenging in COVID-19 patients
receiving ECMO support. An increased awareness is warranted in those patients who already present a procoagulant state
leading to higher rates of thrombotic events which can confuse the issues. Argatroban seems to be an appropriate and safe
therapeutic option in COVID-19 patients with HIT while on VV-ECMO.
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Introduction

Critically ill COVID-19 patients have been demonstrated
to present a COVID-19-associated coagulopathy and an
increased risk of thrombotic complications [1-5] that
requires the use of therapeutic doses of anticoagulant in
some cases. In patients requiring veno-venous extracorpor-
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eal membrane oxygenation (VV-ECMO) for severe ARDS
[6], unfractionated heparin (UFH) is preferred for its han-
dling. Heparin-induced thrombocytopenia (HIT) is a severe
immune-mediated complication of heparin therapy resulting
from the development of pathogenic antibodies that bind
platelet factor 4 (PF4)-heparin complexes, leading to platelet
activation, platelet consumption, and thrombin generation.
Paradoxically, HIT is characterized by both a thrombocyto-
penia and a prothrombotic state.

The diagnosis of HIT, which is mainly based on clini-
cal suspicion and further laboratory confirmation, appears
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particularly challenging in ECMO patients. Indeed, throm-
bocytopenia is frequently observed in those patients due to
platelets consumption within the ECMO circuit and non-
pathogenic anti-PF4 antibodies are found in 30 to 50% of
cases when systematically searched [7, 8].

We describe herein two cases of laboratory-confirmed
HIT in COVID-19 patients with severe ARDS on VV-
ECMO. In accordance with the ethical standards of French
legislation, only non-opposition of patient’s surrogate for
utilization of the deidentified data was obtained. The ICU
database was registered with the national data protection
authority (CNIL 1,950,673).

Case 1

A 62-year old woman with a history of arterial hyperten-
sion and asthma was referred to our ICU for COVID-
19 pneumonia with persistently worsening hypoxemia
requiring VV-ECMO support two days after introduction
of invasive mechanical ventilation. At admission, platelet

count was 237 x 10° L™!, fibrinogen level was 820 mg.
dL~! and D-Dimer level was 15.36 ug/mL~! (Table 1).
No anti PF4-heparin antibodies were detected using an
ELISA-based immunoassay. The computerized tomogra-
phy (CT) at admission revealed a right lower lobe seg-
mental pulmonary embolism (PE). Anticoagulation was
initiated with unfractionated heparin (UFH) infused con-
tinuously targeting an antiXa activity of 0.3-0.6 IU/mL at
ECMO initiation [Quadrox® membrane oxygenator with
a Rotaflow pump (MAQUET Cardiopulmonary AG, Hir-
rlingen, Germany)]. During the first 10 days, the plate-
let count progressively decreased from 237 to 130 x 10°
L~!, and the fibrinogen level simultaneously decreased
from 820 mg.dL™' to 590 mg.dL~'. The main hypothesis
was platelets and fibrinogen coating on the oxygenator,
which is commonly observed in patients under ECMO
therapy. However, platelet count continued to decrease
to reach a nadir of 29 x 10° L~! at day 16, while D-Dimer
level increased from 15.36 ug/mL~! to> 20 ug/mL~!, and
fibrin monomers transiently increased from 5 to > 150 ug/
mL~!. The clinical evolution allowed to rule out evolving

Table 1 Patients coagulation

. Normal range Patient 1 Patient 2
parameters at baseline
aPTT (sec) 30-36 50.1 36.1
INR 1.44 1.44 1.09
Fibrinogen (mg/dL) <400 820 660
D-Dimers (ug/mL) <05 15.36 >20
Fibrin monomers(ug/mL) <5 5 27.55
Antithrombin (%) 80-120 121 82
Protein C (%) 80-140 142 81
Protein S (%) 60-120 134 69
VWF (%) 50-120 369 443
dRVVT normalized ratio <12 1.3 1.7
APL antibodies IgG (U/mL)? <15 34 33
APL antibodies IgM (U/mL)? <15 12 32
Anticardiolipin antibodies antibodies IgG (U/mL)? <15 26 21
Anticardiolipin antibodies IgM (U/mL)? <15 6 23
Anticardiolipin antibodies IgA (U/mL)> <15 25 7
Anti-B2GP1 antibodies IgG (U/mL)> <15 <15 <15
Anti-B2GP1 antibodies IgM (U/mL)* <15 <15 <15
Anti-B2GP1 antibodies IgA (U/mL)* <15 <15 <15
Anti-platelet factor 4 (PF4) antibodies (optical density <0.5 0.5 0.12
read at 405 nm)®
Platelet count (X 1000 cells/uL) 150-400 237 248

APL antiphospholipid, dRVVT diluted russel viper venom time

!dRVVT, screen and confirm were performed on a CS5100 analyzer using LA1 and LA2 reagent, SIE-

MENS (Saint-Denis, France)

ZPHOSPO-LISA IgG/IgM, THERADIAG (Marne-la-Vallée, France); includes: anti-phosphatidyl-serin,
anti-phosphatidyl-ethanolamine, anti-cardiolipin and anti- f2GP1 antibodies

3QUANTA Lite® ACA IgG III, INOVA (San Diego, CA, USA)
4Thermoscientific EliA 2Glycoprotein-1 IgG/M/A-well, Phadia (Uppsala, Sweden)
SZYMUTEST™ HIA IgGAM, HYPHEN BioMed (Neuville-sur-Oise, France)
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sepsis, hemorrhage, drug toxicity, disseminated intravas-
cular coagulation (DIC), or thrombosis of the ECMO
circuit. The diagnosis of HIT was therefore suspected,
UFH therapy was immediately discontinued and switched
to argatroban. The platelet counts rose up in a few days
(Fig. 1, patient 1). The anti PF4-heparin antibodies were
found to be strongly positive (optical density, 1.8; nor-
mal value <0.5) and a heparin-induced platelet activation
(HIPA) assay confirmed the diagnosis of HIT. Of note, no
further thrombotic complication occurred in addition to
the PE diagnosed at admission. The patient was weaned
from VV-ECMO and discharged from the ICU on arga-
troban at day 50.

Case 2

A 38-year old man without significant medical history
was admitted to our ICU for COVID-19 pneumonia com-
plicated by severe ARDS requiring VV-ECMO support
after one day of invasive mechanical ventilation. UFH
was started at ECMO initiation [Quadrox® membrane
oxygenator with a Rotaflow pump (MAQUET Cardiopul-
monary AG, Hirrlingen, Germany)]. At admission, the
platelet count was 248 X 10° L1, the fibrinogen level was
660 mg.dL~! and the D-Dimer level was > 20 ug/mL~!
(Table 1). No anti PF4-heparin antibodies were detected at
admission. Sixteen days later, the platelet count fell from
248 x10° L' t0 93 x 10° L™! and the fibrinogen level from
660 mg.dL™! to 450 mg.dL~"'. The patient was profoundly
hypoxemic with a partial pressure of oxygen in arterial
blood gas (PaO,) of 53 mmHg despite VV-ECMO. The
post membrane blood gas analysis to evaluate the perfor-
mance of the oxygenator revealed a PO, of 115 mmHg
(normal range > 400 mmHg), demonstrating that it was
no longer functional and partially thrombosed. Despite
oxygenator changing, thrombocytopenia and fibrinogen
fall worsened. Five days later, the patient was once again
profoundly hypoxemic with a post membrane blood PO,
of 162 mmHg, consistently with a new membrane oxy-
genator thrombosis. Given such short oxygenator lifetime
and thrombocytopenia, HIT was strongly suspected. UFH
therapy was discontinued and switched to argatroban at
Day 21. The circuit was changed for a phosphorylcholine
coated and heparin-free circuit. The platelet count raised
up and no further dysfunction of the oxygenator was sub-
sequently observed (Fig. 1, patient 2). The anti-PF4 anti-
bodies were strongly positive (optical density of 1.6) and
the diagnosis of HIT was confirmed by HIPA. The thoracic
CT performed after oxygenator change did not reveal any
sign of PE. The patient was weaned from VV-ECMO and
discharged from the ICU on argatroban at day 53.

Discussion

Thrombocytopenia is one of the most common complica-
tion in patients receiving ECMO therapy, severe thrombo-
cytopenia (< 50 G x 10° L™!) occurring in more than 20%
of cases [9]. In most cases, thrombocytopenia is related to
shear stress leading to platelets adhesion to the protein-
coated monolayer of the ECMO circuit biosurface, which
makes anticoagulation mandatory during ECMO support
to prevent clotting of the circuit [10]. Thrombocytopenia
is explained by this consumption in some cases, but other
causes such as sepsis, bleeding, drug-induced thrombo-
cytopenia or DIC are common in critically ill patients.
Among these etiologies, HIT diagnosis is particularly
challenging since usual scoring system 4 T-score have
been reported to present a lower performance in ECMO
patients [11] and anti-PF4-heparin antibodies are found in
almost 50% of patients [7]. Most of these antibodies are
non-pathogenic and do not affect the clinical course of
patients. In that respect, increasing the value of the optical
density threshold to 1.0 could enhance their specificity up
to 89% [12].

HIT may have very heterogeneous clinical manifesta-
tions varying from asymptomatic forms to life-threatening
thrombosis [13]. Our two cases illustrated this heterogene-
ity: one patient had previously known COVID-19 induced
PE and isolated thrombocytopenia while the second had
a thrombocytopenia associated with repeated oxygenator
thrombosis. The latter requires, in addition to discontinu-
ation of heparin therapy which is the cornerstone of HIT
management, the change of the circuit for a heparin-free
one. Anticoagulation must then be ensured by another
medication. Concerning our two patients, we opted for
argatroban infused continuously at a dose of 0.25 pg/Kg/
min and then monitored according to aPTT ratio. This
choice was safe since no bleeding complication occurred.

From March 2020 to April 2020, among all COVID-19
patients with severe ARDS admitted in our ICU, which
serves as an ECMO referral center for the Greater Paris,
and who were implanted with VV-ECMO support, 2 out
of 46 (4.3%) had HIT diagnosis confirmation, while HIT
prevalence is estimated to be inferior to 0.5% in this popu-
lation [14, 15]. This raises the question of an association
between COVID-19 and HIT. Indeed, COVID-19 could
induce dysregulated immunologic response as suggested
by abnormal elevation of antiphospholipid antibodies in
these patients [16]. Moreover, platelet activation induced
by both ECMO [17] and COVID- 19 [18] could result
in a significant increase of PF4 plasma levels potentially
contributing to the development of HIT. Lastly, this phe-
nomenon could be enhanced by the higher dose of UFH
requested [19] to obtain a therapeutic anticoagulation in
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Fig. 1 Kinetics of Platelet count and Anti-platelet Factor 4 (PF4)-heparin antibodies. a Patient 1; b Patient 2. RCC red blood cells concentrates
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COVID-19 patients in whom COVID-19-associated coag-
ulopathy is responsible for increased incidence of venous
thromboembolic events. In line with this hypothesis, a
recent retrospective study reported a cumulative inci-
dence of detectable HIT antibodies of 12% at 25 days in 88
severe COVID-19 patients who received at least 5 days of
UFH [20]. In COVID-19 patients treated with VV-ECMO,
a systematic HIT antibody testing might therefore help to
avoid preventable platelet diminishment.

In conclusion, physicians should increase their awareness
of HIT in COVID-19 patients receiving ECMO support who
may present other coagulation abnormalities and higher rates
of thrombotic events which may confuse the issues.

Author contributions Role and contribution of the authors: FB and
CF collected the data and wrote the manuscript. GH, IMT, GL and AC
wrote the manuscript.

Compliance with ethical standards

Conflict of interest The authors have no conflict of interest related to
the submitted work to disclose.

References

1. Arachchillage DRJ, Laffan M. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel corona-
virus pneumonia. J] Thromb Haemost. 2020;18:1233—-4.

2. Connors JM, Levy JH. COVID-19 and its implications for throm-
bosis and anticoagulation. Blood. 2020;135:2033—-40.

3. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities
and thrombosis in patients with COVID-19. Lancet Haematol.
2020;7:e438—-e440440.

4. Iba T, Levy JH, Connors JM, Warkentin TE, Thachil J, Levi M.
The unique characteristics of COVID-19 coagulopathy. Crit Care.
2020;24:360.

5. Masi P, Hékimian G, Lejeune M, Chommeloux J, Desnos C, Pine-
ton De Chambrun M, et al. Systemic Inflammatory Response Syn-
drome is a Major Contributor to COVID-19-Associated Coagu-
lopathy: Insights from a Prospective SingleCenter Cohort Study.
Circulation 2020 [published online ahead of print, 2020 June 17].

6. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S,
Guervilly C, et al. Extracorporeal Membrane Oxygenation for
Severe Acute Respiratory Distress Syndrome. N Engl J Med.
2018;378:1965-75.

7. Vayne C, May M-A, Bourguignon T, Lemoine E, Guery E-A,
Rollin J, et al. Frequency and Clinical Impact of Platelet Factor

4-Specific Antibodies in Patients Undergoing Extracorporeal
Membrane Oxygenation. Thromb Haemost. 2019;119:1138—46.

8. Laverdure F, Louvain-Quintard V, Kortchinsky T, Rezaiguia-
Delclaux S, Imbert A, Stéphan F. PF4-heparin antibodies during
ECMO: incidence, course, and outcomes. Intensive Care Med.
2016;42:1082-3.

9. Yang X, Yang Q, Wang Y, Wu Y, Xu J, Yu Y, et al. Thrombocyto-
penia and its association with mortality in patients with COVID-
19. J Thromb Haemost. 2020;18:1469-72.

10. Doyle AJ, Hunt BJ. Current Understanding of How Extracorporeal
Membrane Oxygenators Activate Haemostasis and Other Blood
Components. Front Med (Lausanne). 2018;5:352.

11. Renou A, Neuschwander A, Kimmoun A, Brodie D, Pirracchio R,
HIT-ECMO Study Group. Modified 4T score for heparin-induced
thrombocytopenia diagnosis in VA-ECMO patients. Intensive
Care Med. 2020;46:1481-3.

12. Kataria V, Moore L, Harrison S, Hernandez O, Vaughan N,
Schwartz G. Evaluation of Serotonin Release Assay and Enzyme-
Linked Immunosorbent Assay Optical Density Thresholds for
Heparin-Induced Thrombocytopenia in Patients on Extracorporeal
Membrane Oxygenation. Crit Care Med. 2020;48:¢82—-e8686.

13. Greinacher A. Heparin-induced thrombocytopenia. J Thromb
Haemost. 2009;7(Suppl 1):9-12.

14. Abrams D, Baldwin MR, Champion M, Agerstrand C, Eisenberger
A, Bacchetta M, et al. Thrombocytopenia and extracorporeal
membrane oxygenation in adults with acute respiratory failure:
a cohort study. Intensive Care Med. 2016;42:844-52.

15. Kimmoun A, Oulehri W, Sonneville R, Grisot P-H, Zogheib
E, Amour J, et al. Prevalence and outcome of heparin-induced
thrombocytopenia diagnosed under veno-arterial extracorporeal
membrane oxygenation: a retrospective nationwide study. Inten-
sive Care Med. 2018;44:1460-9.

16. Pineton de Chambrun M, Frere C, Miyara M, Amoura Z, Martin-
Toutain I, Mathian A, et al. High frequency of antiphospholipid
antibodies in critically ill COVID-19 patients: a link with hyper-
coagulability? J Intern Med. 2020;

17. Schenk S, El-Banayosy A, Prohaska W, Arusoglu L, Morshuis M,
Koester-Eiserfunke W, et al. Heparin-induced thrombocytopenia
in patients receiving mechanical circulatory support. J Thorac
Cardiovasc Surg. 2006;131:e4.

18. Connors JM, Levy JH. Thromboinflammation and the hyperco-
agulability of COVID-19. J Thromb Haemost. 2020;18:1559-611.

19. Beun R, Kusadasi N, Sikma M, Westerink J, Huisman A. Throm-
boembolic events and apparent heparin resistance in patients
infected with SARS-CoV-2. Int J Lab Hematol. 2020;42:19-20.

20. Patell R, Khan A, Bogue T, Merrill M, Koshy A, Bindal P, et al.
Heparin induced thrombocytopenia antibodies in COVID-19. Am
J Hematol. 2020 [published online ahead of print, 2020 Jul 13]

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Heparin-induced thrombocytopenia in COVID-19 patients with severe acute respiratory distress syndrome requiring extracorporeal membrane oxygenation: two case reports
	Abstract
	Introduction
	Case 1
	Case 2
	Discussion
	References




