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Anticoagulant therapy in COVID-19 critically ill:
Should we go for more?

C.Vandenbriele', L. Van Aelst', T. Balthazar?, D. Dauwe?, M. Delcroix3, J. Gunst?, K. Huber?,
M. Jacquemin’, K. Peerlinck', T. Vanassche', J. Wauters?®, A. Wilmer®, P. Verhamme'

Kurzfassung: Antithrombotische Therapie sehr
kranker COVID-19-Patienten. Kritisch kranke
Patienten mit einer COVID-19-Infektion ent-
wickeln hdufig ein ausgepragtes prothrombo-
tisches Milieu, welches durch massiv erhdhte
D-Dimer-Spiegel erkennbar ist, und durch klini-
schen Folgen, wie tiefe Venenthrombose, Lun-
genembolie oder Myokardinfarkt, den Krank-
heitsverlauf aggravieren kann. Aus diesem
Grunde miissen Patienten, die im Rahmen einer
COVID-19-Infektion entweder an einer Normal-
station oder an einer Intensivstation hospitali-
siert sind, ausreichend antikoaguliert werden.
Dieses Manuskript fasst empfohlene antithrom-
botische MaBnahmen zusammen, die sich aus
Expertenmeinung und Erfahrungswerten der
ersten Wochen der COVID-19-Pandemie erge-
ben haben.

Schliisselworter: COVID-19-Infektion, pro-
thrombotisches Milieu, tiefe Venenthrombose,
Lungenembolie, Myokardinfarkt, antithrombo-
tische Strategie

Abstract: Critically ill COVID-19 patients often
develop a severe pro-thrombotic milieu, as
reflected by the markedly increased d-dimer
levels. Several cohort studies have reported
high rates of thrombotic complications, includ-
ing deep venous thrombosis (DVT) and pul-
monary embolism (PE), myocardial infarction,
stroke and microvascular thrombosis. Accord-
ingly, COVID-19 patients who are hospitalized
either at a normal, non-intensive care unit
(ICU) or at the ICU need to receive appropriate
dosages of anticoagulant therapy to prevent

or treat these thrombotic complications. This
manuscript summarizes the institutional guid-
ance for the antithrombotic prophylaxis and
treatment of VTE as outlined by a multidiscipli-
nary team of experts during the first weeks of
the COVID-19 pandemic in Europe. Controlled
studies are needed to verify the optimal anti-
coagulation for both prophylaxis and treatment.
J Kardiol 2020; 5 (27): 156-8.

Key words: COVID-19 infection, pro-thrombotic
milieu, deep vein thrombosis, pulmonary em-
bolism, myocardial infarction, antithrombotic
strategy

Introduction

Since the first outbreak of Severe Acute Respiratory Syndrome
(SARS) coronavirus-2 (SARS-CoV-2) induced pneumonia
(Corona Virus Disease 19; COVID-19) in December 2019,
the number of infections by this novel SARS-CoV-2 and sub-
sequent need of hospitalization increased rapidly, first through-
out China and later on towards Italy, subsequently Spain and
the rest of Europe. SARS-CoV-2 virus, as other coronaviruses,
causes a variety of symptoms ranging from mild rhinitis, fever,
cough or diarrhea, to pneumonia and acute respiratory dis-
tress syndrome- (ARDS) like critically illness with need of
challenging ventilator support [1]. The number of hospitaliza-
tions, the need of intensive care and number of deaths is still
rising worldwide. Currently, published mortality rates range
between 2-4.3% (in few countries close to 10%), though true
mortality is probably unknown in view of an underestimated
denominator. Risk factors have not yet all been identified in
large trials, but observational data and case series suggest arte-
rial hypertension, diabetes mellitus and obesity as risk factors
for severe disease. However, the underlying physiopathology of
COVID-19 is still poorly understood.

Remarkably, patients with severe COVID-19 disease often pre-
sent with high d-dimer levels [2, 3]. In a study of Tang et al.,
71% of non-survivors and 0.6% of survivors met the criteria
of disseminated intravascular coagulation during hospitaliza-
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tion, suggesting coagulopathy being an important part of the
severe disease spectrum [4]. These findings are further sup-
ported by a retrospective analysis of 449 COVID-19 patients
by the same group, indicating a better prognosis in heparin
treated patients, especially in the severely ill group (sequential
organ failure assessment- [SOFA-] score > 4) with highest d-
dimer levels (> six-fold upper limit of normal) [4-6]. Recent
reports show higher incidence of pulmonary embolism and
venous thromboembolism (VTE) [7] in COVID-19 patients
when compared to non-COVID intensive care patients. Also,
this underlying coagulopathy challenges extracorporeal mem-
brane oxygenation (ECMO) or hemodialysis (HD) because of
a higher incidence of filter clotting at the intensive care unit
(ICU). Scarce histopathology reports in deceased COVID-19
patients describe clots in small vessels of all organs, not only
the lungs but also the heart, liver and kidney [8-10].

Whether d-dimer levels are elevated due to coagulopathy, due to
massive pro-inflammatory cytokine upregulation [11] or both is
not entirely clear. Nevertheless, anticoagulation with (low mo-
lecular weight, LMW) heparin is part of best supportive care
for COVID-19 patients due to its known antithrombotic, anti-
inflammatory [12] and even hypothesized antiviral effects [13],
in addition to its effect on reducing mortality and improving
the PaO2/FIO2-ratio in severe ARDS [14]. An important ques-
tion remains which dose of unfractionated or LMW heparin
(LMWH) should be used in critically ill COVID-19 patients.
Klok et al. showed a remarkably high incidence of venous and/
or arterial thrombosis in critically ill COVID-19 patients (up to
31%) and strongly suggested to increase the prophylactic dose
in those patients to high prophylactic doses, even in the absence
of randomized data [15].

Based on these findings, various national guidelines were is-
sued to adjust thromboprophylactic strategies, acknowledging
there are no controlled studies to support their guidance [16,
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Table 1: Anticoagulation strategy for hospitalized COVID-19 patients at the University Hospitals Leuven.

Anticoagulation strategy in COVID-19 patients

Patients characteristics

ICU admission

Anticoagulation regimen
LMWH 50 IU/kg of anti-Xa, BID

Conditions

Platelets > 30.000/ul; No active bleed

€.g. enoxaparin at least 4000 |E anti-Xa, BID

ICU, CrCl < 30 ml/min

LMWH 50 IU/kg of anti-Xa, OD

e.g. enoxaparin at least 4000 IE anti-Xa, OD

CVVH, ECMO

Non-ICU admission

UFH-infusion

LMWH 50 1U/kg of anti-Xa, OD

e.g. enoxaparin at least 4000 |E anti-Xa, OD

Non-ICU, CrCl < 30 ml/min

LMWH 50 IU/kg of anti-Xa, OD

e.g. enoxaparin at least 4000 IE anti-Xa, OD

Consider mechanical VTE-prophylaxis in case anticoagulant therapy is contra-indicated

LMWH: low-molecularweight heparin, ICU: intensive care unit, CrCl: Creatinine clearance, UFH: unfractionated heparin, CVVH: continuous
veno-venous hemofiltration, ECMO: extracorporeal membrane oxygenation, OD: once daily, BID: twice daily

Table 2: Follow-up strategy for hospitalized COVID-19 patients at the University Hospitals Leuven

Follow-up VTE-prophylaxis in COVID-19 patients

Anti-Xa measurement

ICU ward

Daily at morning bloods (8-10h after last LWMH-dose);

aim anti-Xa levels of 0.15-0.40 |U/ml (prophylaxis) or 0.40-1.0 |U/ml therapeutic®

Non-ICU ward
0.40-1.0 IU/ml therapeutic”

High vigilance for VTE-symptoms

1 or 2 times a week at morning bloods (8-10h after last LWMH-dose); aim anti-Xa levels of 0.15-0.40 1U/ml (prophylaxis) or

VTE: venous thromboembolism, ICU: intensive care unit, LMWH: low-molecularweight heparin.
*anti-Xa is not assessed at through or at peak (but at morning bloods, 8-10 hours after LMWH-injection), explaining why recommended

targets differ from guidance on peak- and through levels.

17]. Accordingly, the standard guidance for thrombo-prophy-
laxis at the COVID-19 ward and COVID-19 ICU was adjusted
at University Hospitals Leuven and affiliated hospitals as well,
as shown in table 1 and 2.

The COVID-19 non-ICU ward

At the non-ICU unit, every patient, independently of weight or
kidney function, receives a prophylactic dose of at least 50 IU
of anti-Xa LMWH per kg OD (e.g. in our institution enoxapa-
rin 50 IU anti-Xa/kg OD). Prophylaxis is continued beyond the
hospital setting for all patients with additional thromboembol-
ic risk factors. There is a low threshold to routinely prescribe
out of hospital thrombo-prophylaxis after discharge, e.g. for at
least 10 days, and until complete recovery.

The COVID-19 ICU ward

Critically ill COVID-19 ICU-patients receive 50 IU of anti-Xa
LMWH per kg BID (in our institution enoxaparin 50 IU anti-
Xa/kg BID). Patients requiring therapeutic anticoagulation
receive enoxaparin 100 IU of anti-Xa/kg LMWH BID.

At the ICU, the enoxaparin dose is monitored using serial
anti-Xa measurements. We aim for anti-Xa levels of 0.15-
0.40 IU/ml in prophylactic dose and > 0.4 IU/ml for patients
receiving therapeutic anticoagulation, acknowledging that
the anti-Xa measurement occurs approximately 8-10 hours
after the evening enoxaparin injection (morning bloods at

ICU), hence does not represent peak nor through measure-
ment that are mostly used in guidelines to monitor or adjust
dosing.

In patients supported by HD or ECMO, we advise continuous
heparin infusion, aiming for anti-Xa 0.3-0.5 IU/ml (together
with aPTT adjusted to 50-70s). Notably, anti-Xa and aPTT
may differently reflect anticoagulant effect and coagulopathy,
particularly in more severe ill patients, and hence offer the cli-
nician complementary information [18].

For critically ill patients, we also recommend prolonged pro-
phylactic anticoagulant therapy with heparin or LMWH, until
full recovery or at least until mobilization. We discourage the
use of oral anticoagulants because of uncertainties with respect
to bioavailability in acutely ill COVID-19 patients [19]. We
do not recommend routine screening for asymptomatic deep
venous thrombosis, but perform a four-point compression ul-
trasound in addition to a planned echocardiography or other
bedside echo investigations.

Although this regimen is based on scarce evidence and lo-
cal consensus, the high burden of venous thromboembolism
(VTE) as observed by many [20, 21] needs to be mitigated. We
will document the rates of VTE and bleeding with this regimen
and as part of the prospective follow-up, and as part of this
management strategy will perform an ultrasound at day 14-21
or discharge. Hence, this effort joins many others to reduce the
burden of VTE in COVID-19 patients.

J KARDIOL 2020; 27 (5) 157



Anticoagulant therapy in COVID-19 critically ill: Should we go for more?

Acknowledgements

The authors thank the dedicated work of the (non)-intensive
care medical and paramedical team of the University Hospitals

Leuven.

Conflict of Interest

Drs. Verhamme, Vanassche and Vandenbriele report grants
and personal fees from Bayer Healthcare, Boehringer Ingel-
heim, Pfizer, BMS and Daiichi-Sankyo.

Kurt Huber reports lecture fees from Bayer, Bristol Myers
Squibb, Boehringer Ingelheim, Daiichi Sankyo, and Pfizer.
The other authors have no conflict of interest to declare.

References:

1. Gattinoni L, Chiumello D, Caironi P, et al.
COVID-19 pneumonia: different respiratory
treatments for different phenotypes?
Intensive Care Med 2020; https://doi.
0rg/10.1007/s00134-020-06033-2

2.Zhou F, Yu T, Du R, et al. Clinical course
and risk factors for mortality of adult inpa-
tients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet 2020;
395: 1054-62.

3. Wang CJ, Ng CY, Brook RH. Response to
COVID-19in Taiwan: Big data analytics,
new technology, and proactive testing.
JAMA 2020; 323: 1341-2.

4.Tang N, Li D, Wang X, Sun Z. Abnormal
coagulation parameters are associated

158 U KARDIOL 2020; 27 (5)

with poor prognosis in patients with novel
coronavirus pneumonia. J Thromb
Haemost 2020; 18: 844-7.

5. Tang N, Bai H, Chen X, et al. Anticoa-
gulant treatment is associated with de-
creased mortality in severe coronavirus
disease 2019 patients with coagulopathy.
J Thromb Haemost 2020; [Epub ahead of
print].

6.Yin S, Huang M, Li D, Tang N. Difference
of coagulation features between severe
pneumonia induced by SARS-CoV2 and
non-SARS-CoV2. J Thromb Thrombolysis
2020; [Epub ahead of print].

7. Jianpu Chen M, Jianpu Chen M, Xiang
Wang M, et al. Findings of acute pulmo-

nary embolism in COVID-19 patients. The
Lancet Infectious Diseases 2020; [Epub
ahead of print].

8. Weiren Luo, Hong Yu, Jizhou Gou, et al.
Clinical pathology of critical patient with
novel coronavirus pneumonia (COVID-19).
Preprints 2020; 2020020407.

9.Li J, Fan JG. Characteristics and mecha-
nism of liver injury in 2019 Coronavirus
Disease. J Clin Transl Hepatol 2020; 8:
13-7.

10. Dolhnikoff M, Duarte-Neto AN, de
Almeida Monteiro RA, et al. Pathological
evidence of pulmonary thrombotic phe-
nomena in severe COVID-19. J Thromb
Haemost 2020; [Epub ahead of print].

11. Xiong TY, Redwood S, Prendergast B,
Chen M. Coronaviruses and the cardiovas-
cular system: acute and long-term impli-
cations. Eur Heart J 2020; [Epub ahead of
print].

12. Gaertner F, Massberg S. Blood coagu-
lation in immunothrombosis-At the front-
line of intravascular immunity. Semin
Immunol 2016; 28: 561-9.

13. Shukla D, Spear PG. Herpesviruses and
heparan sulfate: an intimate relationship in
aid of viral entry. J Clin Invest 2001; 108:
503-10.

14. Jianlin Li YL, Bin Yang, Hailing Wang,
Lin Li. Low-molecular-weight heparin
treatment for acute lung injury/acute res-
piratory distress syndrome: a meta-analy-
sis of randomized controlled trials. Int J
Clin Exp Med 2018; 11: 414-22.

15. Klok FA, Kruip MJHA, derMeer NJMy,
et al. Incidence of thrombotic complica-
tions incritically ill ICU patients with
COVID-19. Thromb Res 2020; [Epub ahead
of print]

16. Susen S, Tacquard CA, Godon A, et al.
Traitement anticoagulant pour la preven-
tion du risque thrombotique chez un pa-
tient hospitalisé avec COVID-19 et surveil-
lance de I'hémostase; proposition du GIHP
et du GFHT. https:/sfar.org/download/
traitement-anticoagulant-pour-la-
prevention-du-risque-thrombotique-chez-
un-patient-hospitalise-avec-covid-19-et-
surveillance-de-lhemostase/ (link seen
April 21¢, 2020).

17. Kreuziger AL, Garcia D, Cuker A, et al.
Is COVID-19 associated with an increased
risk for venous thromboembolism (VTE)?
https://www.hematology.org/covid-19/
covid-19-and-vte-anticoagulation (link
seen April 21st, 2020).

18. Price EA, Jin J, Nguyen HM, et al.
Discordant aPTT and anti-Xa values and
outcomes in hospitalized patients treated
with intravenous unfractionated heparin.
Ann Pharmacother 2013; 47: 151-8.

19. Cheung KS, Hung IF, Chan PP, et al.
Gastrointestinal manifestations of SARS-
CoV-2 infection and virus load in fecal
samples from the Hong Kong Cohort and
systematic review and meta-analysis.
Gastroenterology 2020; [Epub ahead of
print].

20. Middeldorp S, Haaps T, Foppen M,

et al. Incidence of venous thromboembo-
lism in hospitalized patients with
COVID-19. Preprints 2020; doi: 10.20944/
preprints202004.0345.v1.

21. Bikdeli B, Jimenez D, Chuich T, et al.
COVID-19 and thrombotic or thromboem-
bolic disease: implications for prevention,
antithrombotic therapy, and follow-up.
JACC 2020; doi: 10.1016/j.jacc.2020.04.031.



https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1007/s00134-020-06033-2
https://sfar.org/download/traitement-anticoagulant-pour-la-prevention-du-risque-thrombotique-chez-un-patient-hospitalise-avec-covid-19-et-surveillance-de-lhemostase/
https://sfar.org/download/traitement-anticoagulant-pour-la-prevention-du-risque-thrombotique-chez-un-patient-hospitalise-avec-covid-19-et-surveillance-de-lhemostase/
https://sfar.org/download/traitement-anticoagulant-pour-la-prevention-du-risque-thrombotique-chez-un-patient-hospitalise-avec-covid-19-et-surveillance-de-lhemostase/
https://sfar.org/download/traitement-anticoagulant-pour-la-prevention-du-risque-thrombotique-chez-un-patient-hospitalise-avec-covid-19-et-surveillance-de-lhemostase/
https://sfar.org/download/traitement-anticoagulant-pour-la-prevention-du-risque-thrombotique-chez-un-patient-hospitalise-avec-covid-19-et-surveillance-de-lhemostase/
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation

Mitteilungen aus der Redaktion

Besuchen Sie unsere Rubrik
I Medizintechnik-Produkte

|

—u

f = .n#* i
1 [ / ;
| & N P S o
N ) &

ol ;.;_;‘/ Artis pheno

Siemens Healthcare Diagnostics GmbH

Neues CRT-D Implantat Philips Azurion:
Intica 7 HET QP von Biotronik Innovative Bildgebungslésung

Aspirator 3
Labotect GmbH  f

InControl 1050
Labotect GmbH

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.
Die Lieferung umfasst 4-5 Ausgaben pro Jahr zzgl. allfalliger Sonderhefte.
Unsere e-Journale stehen als PDF-Datei zur Verfigung und sind auf den meisten der markt-
ublichen e-Book-Readern, Tablets sowie auf iPad funktionsfahig.

] Bestellung e-Journal-Abo

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschlieBlich an gepriifte
und autorisierte medizinische Berufsgruppen und entbinden nicht von der arztlichen Sorg-
faltspflicht sowie von einer ausflhrlichen Patientenaufklarung Uber therapeutische Optionen
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den
Autoren mit der grofdten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu Uberprifen. Weder die Autoren,
noch die tragenden Gesellschaften noch der Verlag Ubernehmen irgendwelche Haftungs-
anspruche.

Bitte beachten Sie auch diese Seiten:
Impressum Disclaimers & Copyright Datenschutzerklarung



https://www.kup.at/impressum/index.html
https://www.kup.at/impressum/disclaimer.html
https://www.kup.at/impressum/datenschutz.html
https://www.kup.at/cgi-bin/gratis-abo.pl
https://www.kup.at/perl/abbildungen.pl?q=Medizinprodukte+Labortechnik&ct=1&b=a

