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Objectives: To compare heparin-based anticoagulation and bivalirudin-based anticoagulation within the context of critically ill patients with a

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.

Design: An observational study.

Setting: At the intensive care unit of a university hospital.

Participants and Interventions: Critically ill patients with a SARS-CoV-2 infection receiving full anticoagulation with heparin or bivalirudin.

Measurements and Main Results: Twenty-three patients received full anticoagulation with bivalirudin and 60 with heparin. Despite patients in

the bivalirudin group having higher mortality risk scores (SAPS II 60 § 16 v 39 §7, p < 0.001) and a higher need for extracorporeal support

compared to the heparin group, hospital mortality was comparable (57% v 45, p = 0.3). No difference in thromboembolic complications was

observed, and bleeding events were more frequent in patients treated with bivalirudin (65% v 40%, p = 0.01). Similar results were confirmed in

the subgroup analysis of patients undergoing intravenous anticoagulation; in addition to comparable thrombotic complications occurrence and

thrombocytopenia rate, however, no difference in the bleeding rate was observed (65% v 35%, p = 0.08).

Conclusions: Although heparin is the most used anticoagulant in the intensive care setting, bivalirudin-based anticoagulation was safe and effec-

tive in a cohort of critically ill patients with SARS-CoV-2. Bivalirudin may be given full consideration as an anticoagulation strategy for criti-

cally ill patients with SARS-CoV-2, especially in those with thrombocytopenia and on extracorporeal support.

� 2022 Elsevier Inc. All rights reserved.

Key Words: anticoagulation; bivalirudin; SARS-CoV-2 infection; critical care; extracorporeal membrane oxygenation
SEVERE ACUTE RESPIRATORY SYNDROME corona-

virus 2 (SARS-CoV-2) infection is responsible for a variable

spectrum of clinical manifestations—up to severe respiratory

and cardiac injury requiring intensive care unit (ICU)

treatment.1,2 The SARS-CoV-2�induced proinflammatory
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state and its associated endothelial lung injury have been found

to be responsible for a prothrombotic state, involving both

large vessels and microcirculation.3-5 In critically ill patients

with a SARS-CoV-2 infection, clinical deterioration toward

multiorgan failure appears to be mediated both by respiratory

failure and microvascular systemic involvement6; an inherent

hypercoagulable state with derangements in laboratory param-

eters (elevations of D-dimer, fibrin degradation products, pro-

thrombin time, and activated partial thromboplastin time

[aPTT]), and both venous and arterial thromboembolic disease
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are common findings in these patients.7,8 For this reason, great

attention has been focused on anticoagulation as a prophylactic

and therapeutic strategy within the management of SARS-

CoV-2 infection and its associated complications.9,10 Heparin,

traditionally used as a first-line anticoagulation strategy in crit-

ically ill patients, presents limitations, including some variabil-

ity in the anticoagulant effect, bleeding risk, complex titration

based on aPTT in the critically ill, and the risk of heparin-

induced thrombocytopenia (HIT).11 On the contrary, the use of

direct thrombin inhibitors, such as bivalirudin, may represent a

valid anticoagulation strategy in critically ill patients, due to

the anticoagulation effect on stability, even at a low drug dose,

possibly lower bleeding risk, and reduced blood cell activation

against platelets, thus avoiding the risk of HIT.12,13 Bivalirudin

has the ability to bind both the circulating and the clot-bind

fibrin and has been shown to reduce the risk of bleeding in crit-

ically ill patients on venovenous extracorporeal membrane

oxygenation (VV ECMO), compared to heparin.14,15 However,

reports on the use of bivalirudin in critically ill patients with

SARS-CoV-2 infection, beyond extracorporeal support itself,

are lacking. The aim of the present observational study was to

compare anticoagulation strategies (bivalirudin versus hepa-

rin) in critically ill patients admitted to the ICU with respira-

tory failure due to SARS-CoV-2 infection.

Methods

The study authors performed an observational analytical

study involving critically ill patients with SARS-CoV-2 admit-

ted to the ICU at the authors’ institute from February 2020 to

May 2020, and treated with anticoagulants in a therapeutic

range. The study was in compliance with the Declaration of

Helsinki. Data collection was performed in consensus with

ethical norms and with the local ethical committee approval.

Demographic, clinical parameters, vital signs, and outcomes

data were registered for all patients. Patients' data were elec-

tronically stored: all data were anonymized prior to insertion

into the database. The primary endpoints of the study were to

assess the safety and efficacy of bivalirudin therapy in terms of

drug-related adverse events and efficacy in the prevention of

thrombotic events compared to heparin. The secondary end-

points were the comparison of bleeding complications rate and

hospital survival.

According to the authors’ institutional protocol, patients

received heparin as routine anticoagulation while they were

administered bivalirudin in the presence of extracorporeal

devices (VV ECMO, mechanical circulatory support, etc...), or

thrombocytopenia with a suspicion of HIT. Intravenous antico-

agulation was performed in unstable patients and in patients

with extracorporeal devices or organ failure needing close

drug titration. Patients treated with bivalirudin received a start-

ing intravenous continuous infusion of 0.025 mg/kg/h without

any bolus, while patients treated with intravenous heparin had

a starting dose of 400 U/h. Low starting dosages were adminis-

tered as routine practice in critically ill patients at the authors’

institution, and in the absence of complications, they were

increased rapidly after a few hours due to a minimum 3 times
a day monitoring of aPTT, with the target of 60 seconds in

patients undergoing full anticoagulation.

Bleeding episodes were recorded according to GUSTO

bleeding criteria.16 Thrombotic episodes were assessed by col-

lecting data concerning ischemic stroke, peripheral ischemia,

pulmonary embolism, and any other type of thrombotic event;

the parameter "other thrombotic complications" included

thrombotic events that were not included in aforementioned

cases (such as acute coronary syndrome and venous thrombo-

sis). Thrombocytopenia was defined as mild, moderate, or

severe according to platelet count (<100,000 mL, <50,000

mL, <10,000 mL, respectively). Vasoactive agents’ and

inotropes’ dosing was standardized with the Vasoactive Inotro-

pic Score (VIS) calculation.17 HIT was presumed if the platelet

count was fewer than 100 109/L or decreased more than 50%

from the baseline in a patient treated with heparin, thus trigger-

ing the performance of an immunologic test (ELISA). If the

results were questionable, a heparin-induced platelet aggrega-

tion assay also was performed. When HIT was presumed, all

sources of heparin were removed.

Data regarding continuous variables with a bell-shaped dis-

tribution were presented with mean § standard deviation.

Median and interquartile ranges were reported for not-nor-

mally distributed variables. Number and prevalence proportion

were recorded for dichotomous variables. The Student t-test

and Mann-Whitney U test18 were used to compare variables

with normal or not-normal distribution between groups.

Dichotomous variables were further analyzed according to the

Pearson chi-square calculation to assess statistical signifi-

cance. A p value < 0.05 was considered statistically signif-

icant. The authors performed a comparison between

patients receiving full-dose anticoagulation with bivalirudin

and heparin. Furthermore, further analysis was performed

to compare subgroups of patients undergoing intravenous

anticoagulation (either bivalirudin or heparin) to assess

data in a more homogeneous population. Another compari-

son between bivalirudin doses in critically ill patients with

SARS-CoV-2 versus critically ill patients who were nega-

tive for SARS-CoV-2 was performed with data from a pop-

ulation of 89 critically ill patients without SARS-CoV-2

admitted at the authors’ institution who were treated with

bivalirudin by the same team.19
Results

Overall, 129 ICU patients with SARS-CoV-2 infections

(110 men [85%] and 19 women [15%]) received anticoagula-

tion in the study period: 23 (17%) received bivalirudin, and

106 patients (82%) were administered heparin, as shown in the

flowchart (Fig 1). Sixty patients received an anticoagulation

strategy with a therapeutic aim (ie, full anticoagulation)

(Fig 1), while 46 received a prophylactic regimen and were

not included in the study. The dosages of bivalirudin, heparin,

and low-molecular-weight heparin administered over days are

reported in the supplementary material.



Fig 1. Study flowchart. The study population receiving full anticoagulation included 23 patients in the bivalirudin arm and 60 patients in the heparin arm. All

patients in the bivalirudin group and 14 patients in the heparin group received intravenous anticoagulation; p values refer to the comparison of intensive care unit

and hospital mortality. ICU, intensive care unit; IV, intravenous.
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Comparison of Full Anticoagulation Strategies With

Bivalirudin and Heparin

Data regarding the baseline characteristics and anamnestic

data of the 60 patients treated with heparin and 23 patients

administered bivalirudin with the full anticoagulation target

are reported in Table 1, while the clinical data of patients

receiving therapeutic anticoagulation strategy are presented in

Table 2. Higher shock degree and illness severity of the biva-

lirudin group compared to the heparin counterpart was dem-

onstrated by a higher Simplified Acute Physiology Score II

score (60 § 16 v 39 § 7, p < 0.001) and the need for extracor-

poreal support and devices (Table 2). Despite this difference,

the need for temporary discontinuation of anticoagulation due

to bleeding was not increased (27% in the bivalirudin group,

37% in the heparin group; p = 0.4). In Table 3, data concern-

ing outcomes and complications of patients receiving full-

dose anticoagulation strategy are shown. The efficacy of the 2

anticoagulation strategies in preventing thromboembolic

events was comparable. In particular, reported thromboem-

bolic events were ischemic stroke (4% in the bivalirudin

group; 8.3% in the heparin group; p = 0.5), ischemic periph-

eral complications (18% in the bivalirudin group; 10% in the

heparin group; p = 0.3), pulmonary embolism (27% in the

bivalirudin group; 20% in the heparin group; p = 0.4), and

other thrombotic complications (32% in the bivalirudin group;

35% in the heparin group; p = 0.8). The overall bleeding rate

was higher among patients in the bivalirudin group (65%)

compared to the heparin group (40%) (p = 0.01); this was in

line with the higher bleeding risk associated with extracorpo-

real support devices. In particular, major bleeding episodes
were higher in the bivalirudin group compared to the heparin

group (26% among the bivalirudin group and 7% among the

heparin group, p = 0.01). This finding was associated with a

higher need for red blood cells and fresh frozen plasma trans-

fusions in the bivalirudin group 17 (7.5-27) red blood cells

units among bivalirudin group versus 1 (0-3) in the heparin

group, p = 0.2; 0 (0-8) fresh frozen plasma transfusions in the

bivalirudin group and 0 (0-0) in the heparin group,

(p = 0.0003) (Table 3). All 6 patients in the bivalirudin group

who experienced major bleeding were on VV ECMO due to

refractory acute respiratory distress syndrome, and 4 had

platelet counts <50,000 mL; 4 patients had intrathoracic

bleeding (after a mean of 19 days of support), 1 gastrointesti-

nal bleeding (after 26 days of support), and the last patient

had intracranial bleeding (after 11 days of support). However,

no difference in the rate of surgical procedures due to bleed-

ing events was recorded (9% among the bivalirudin group and

10% among the heparin group; p = 0.9). Moderate and severe

thrombocytopenic episodes were higher among the bivaliru-

din group (p = 0.02). ECMO duration was notably high: 25

(10-46) days, with 50% of patients having an ECMO run lon-

ger than 1 month (maximum length 56 days). No case of hepa-

rin-induced thrombocytopenia was recorded.

ICU stay was shorter among the heparin group compared

to the bivalirudin group, (14 [11-25] days v 33 [20-48.5]

days, p < 0.0001). Notably, no statistically significant dif-

ferences in ICU mortality and hospital mortality were

observed: ICU mortality was 57% in the bivalirudin group,

and 40% in the heparin group, p = 0.2; hospital mortality

was 57% in the bivalirudin group and 45% in the heparin

group, p = 0.3.



Table 1

Baseline Characteristics of Patients Administered Full Anticoagulation

Parameter Bivalirudin group (n = 23) Heparin group (n = 60) p Value

Age, mean § SD 58 § 12.4 62 § 9 0.05

Male, n (%) 20/23 (87%) 55/60 (92%) 0.5

Weight, mean kg § SD 89 § 15 86 §14 0.3

Height, mean cm § SD 175 § 8 173 § 7 0.5

BMI, mean § SD 29.12 § 5.6 28.5 § 4.0 0.5

SAPS II, mean (SD) 60 §16 39 §7 <0.001

Arterial hypertension, n (%) 5/23 (22%) 31/60 (52%) 0.01

Coronary artery disease, n (%) 0/23 (0%) 8/60 (13%) 0.06

Heart rhythm disease, n (%) 1/23 (4%) 8/60 (13%) 0.2

Vascular disease, n (%) 0/23 (0%) 10/60 (16%) 0.03

Overweight BMI <30-�25, n (%) 9/23 (40%) 30/60 (50%) 0.3

Obesity BMI �30, n (%) 8/23 (35%) 17/60 (28%) 0.5

BMI >25, n (%) 17/23 (74%) 47/60 (78%) 0.6

Diabetes, n (%) 2/23 (8.7%) 14/60 (23%) 0.1

COPD, n (%) 1/23 (4.4%) 2/60 (3.3%) 0.8

Asthma, n (%) 1/23 (4.4%) 2/60 (3.3%) 0.8

Respiratory tract diseases, n (%) 3/23 (10%) 3/60 (5.0%) 0.2

Oncohematology, n (%) 2/23 (8.7%) 2/60 (3.3%) 0.3

Hematologic diseases - not oncological, n (%) 2/23 (8.7%) 3/60 (5.0%) 0.5

Oncologic disease, n (%) 2/23 (8.7%) 7/60 (12%) 0.7

Hypothyroidism, n (%) 3/23 (10%) 5/60 (8.3%) 0.5

No comorbidities, n (%) 1/23 (4.4%) 2/60 (3.3%) 0.8

Thrombosis at clinical admission, n (%) 2/23 (8.7%) 3/60 (5.0%) 0.5

Active infectious disease not SARS-CoV-2, n (%) 1/23 (4.4%) 2/60 (3.3%) 0.8

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; SAPS II, Simplified Acute Physiology Score II; SARS-CoV-2 infection,

severe acute respiratory syndrome coronavirus 2; SD, standard deviation.

Table 2

Clinical Data of Patients Administered Full Anticoagulation

Parameter Bivalirudin group (n = 23) Heparin group (n = 60) p Value

ECMO, n (%) 15/23 (65%) 0/60 (0%) <0.0001

Days on ECMO, median (IQR) 25 (10 - 46) � Not applicable

IABP, n (%) 5/23 (22%) 1/60 (2%) 0.002

Impella, n (%) 1/23 (4%) 0/60 (0%) 0.1

CVVH, n (%) 9/23 (39%) 13/60 (22%) 0.1

Cytosorb, n (%) 16/23 (69%) 0/60 (0%) <0.0001

Switch from another anticoagulant, n (%) 8/23 (35%) 0/60 (0%) 0.0001

Need to stop anticoagulation, n (%) 6/23 (27%) 22/60 (37%) 0.4

Orotracheal intubation, n (%) 23/23 (100%) 58/60 (97%) 0.3

Tracheostomy, n (%) 9/23 (39%) 20/60 (33%) 0.6

Inotropic score day 1, median (IQR) 4 (1-10) 10 (0-20) 0.09

Peak inotropic score, median (IQR) 20 (10-30) 20 (10-35) 0.7

Abbreviations: CVVH, continuous venovenous hemofiltration; IABP, Intra-aortic balloon pump; ICU, intensive care unit; IQR, interquartile range; VA ECMO,

venoarterial extracorporeal membrane oxygenation; VV ECMO; venovenous extracorporeal membrane oxygenation.

2964 M. Pieri et al. / Journal of Cardiothoracic and Vascular Anesthesia 36 (2022) 2961�2967
Comparison of Bivalirudin and Intravenous Heparin

Anticoagulation

Demographic characteristics, clinical management, and out-

comes of all patients treated with intravenous heparin compared

to bivalirudin are reported in Supplementary Tables 1, 2, and 3.

Patients in the bivalirudin group had a higher Simplified Acute

Physiology Score II (with consequent high predicted mortality

risk) compared to the heparin group (60§ 16 v 44§ 7, p = 0.01),
and a higher need for extracorporeal devices (Supplementary

Table 2), thus confirming what was observed in the overall popu-

lation. Again, the thrombotic complication rate (ischemic stroke,

pulmonary embolism, peripheral ischemia, and any other type of

thrombotic event) was low and similar between the groups, as

shown in Supplementary Table 3. The D-dimers peak value was 5

(3-13) mg/mL in the bivalirudin group and 14 (6-19) mg/mL in

the heparin group. In contrast to what was observed in the general

population, no statistically significant difference in the overall



Table 3

Outcomes and Complications of Patients Administered Full Anticoagulation

Parameter Bivalirudin (n = 23) Heparin (n = 60) p Value

ICU stay days, median (IQR) 33 (20-48.5) 14 (11-25) <0.0001

Hospital stay days, median (IQR) 42 (28.5-60.5) 31 (20-49) 0.1

ICU mortality, n (%) 13/23 (57%) 24/60 (40%) 0.2

Hospital mortality, n (%) 13/23 (57%) 27/60 (45%) 0.3

Need to come back to ICU, n (%) 0/23 (0%) 6/60 (10%) 0.1

Bleeding-associated complications

Major bleeding, n (%) 6/23 (26%) 4/60 (7%) 0.01

Moderate bleeding, n (%) 7/23 (30%) 8/60 (13%) 0.06

Minor bleeding, (%) 2/22 (9%) 12/60 (20%) 0.2

Surgery due to bleeding, n (%) 2/22 (9%) 6/60 (10%) 0.9

Overall bleeding, (%) 15/23 (65%) 24/60 (40%) 0.03

RBC transfusions, median (IQR) 17 (7.5-27) 1 (0-3) <0.0001

FFP transfusions, median (IQR) 0 (0-8) 0 (0-0) 0.0003

PLT transfusions, median (IQR) 0 (0-0) 0 (0-0) 0.2

Thrombotic-associated complications

Ischemic stroke, n (%) 1/23 (4%) 5/60 (8.3%) 0.5

Ischemic peripheral complications, n (%) 4/22 (18%) 6/60 (10%) 0.3

Other thrombotic complications, n (%) 7/22 (32%) 21/60 (35%) 0.8

Pulmonary embolism, n (%) 6/22 (27%) 12/60 (20%) 0.4

Surgery due to thrombosis, n (%) 2/22 (9%) 2/60 (3.3%) 0.2

Thrombocytopenia

Platelets <100,000/mm3, n (%) 10/20 (50%) 16/55 (29%) 0.09

Platelets <50,000/mm3, n (%) 6/20 (30%) 2/56 (4%) <0.001

Platelets <10,000/mm3, n (%) 2/20 (10%) 0/56 (0%) 0.02

Bridge to lung transplant, n (%) 2/23 (9%) 0/60 (0%) 0.02

Pneumothorax, n (%) 8/21 (38%) 5/60 (8.3%) 0.001

Abbreviations: FFP, fresh frozen plasma; ICU, intensive care unit; IQR, interquartile range; PLT, platelets; RBC, red blood cells.
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bleeding rate was observed (65% in the bivalirudin group v 36%

in the heparin group, p = 0.08), nor with specific reference to

major, moderate, or minor bleeding rate (p = 0.2, p = 0.1, p = 0.3,

respectively) (Supplementary Table 3). Similarly, no difference in

the thrombocytopenia rate was documented between the bivaliru-

din and heparin groups in this subgroup analysis. Overall, hospital

mortality was comparable between the 2 groups (57% in the biva-

lirudin group, 57% in the heparin group [p = 0.9]).

Bivalirudin Dosage in SARS-CoV-2 Infection and

non�SARS-CoV-2 Infection

The bivalirudin dosage administered to the bivalirudin group

was further compared to the bivalirudin dosage administered to

the control group of 89 critically ill patients who were negative

for SARS-CoV-2 infection. In Supplementary Table 4, a daily

dose of bivalirudin of the first 6 days of ICU admission was

reported. The median bivalirudin dose administered to patients

with a SARS-CoV-2 infection was within a range from 0.04 mg/

kg/h-to-0.108 mg/kg/h, higher than the dose administered in the

control group (range of 0.014-0.044 mg/kg/h) (p< 0.05).

Discussion

The study authors reported data and results of different anti-

coagulation strategies in a large population of patients who
were critically ill due to SARS-CoV-2 infection. This study

demonstrated that intravenous anticoagulation with the direct

thrombin inhibitor bivalirudin was a safe and effective strategy

even in the most extremely ill patients. Indeed, although being

reserved for patients who were highly compromised in the

authors’ practice (ie, patients requiring extracorporeal support,

patients with severe thrombocytopenia), anticoagulation with

bivalirudin allowed adequate antithrombotic effect compared

to heparin, even at a low starting dose.

Despite patients treated with bivalirudin being more com-

promised than the heparin counterpart, as shown by higher

mortality risk score and need for extracorporeal support and

invasiveness of care, the use of bivalirudin was proved to be

associated with an equal overall survival compared to heparin

(overall mortality 57% in the bivalirudin group; 42% in the

heparin group; p = 0.2). This was further confirmed in the

intravenous anticoagulation subgroup (mortality 57% in both

groups, p = 0.9).

Patients in the bivalirudin group had a higher incidence of

thrombocytopenia; however, this did not translate into a large

number of platelet transfusions. Risk factors for thrombocyto-

penia were several in this population (shock, SARS-CoV-2

infection, therapies, mechanical circulatory support) and,

above all, exposure to heparin; they might also act concomi-

tantly. On the contrary, severe bleeding and a need for red

blood cells and fresh frozen plasma transfusions were higher
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in the bivalirudin group compared to the heparin group

(Table 3). The higher rate of bleeding and transfusions need,

in the authors’ opinion, was linked to the extreme sickness of

the patients in the bivalirudin group. Furthermore, in the sub-

group analysis on patients treated with an intravenous antico-

agulant, which represented the subgroup of most unstable

patients, no significant differences in the bleeding rate, throm-

bocytopenia incidence, and fresh frozen plasma transfusions

incidence were observed (Supplementary Tables 1-3).

A growing body of literature supports the use of bivalirudin in

critically ill patients, especially in the case of extracorporeal sup-

port since these patients present multiple events of coagulation

activation and a precarious balance between bleeding and

thrombosis.13,20,21 A reduction in the bleeding rate of patients on

VV ECMO treated with bivalirudin compared to heparin also has

been documented specifically in a homogeneous population

treated with either one or the other anticoagulant.14 In addition,

preliminary evidence also exists on the use of bivalirudin to miti-

gate the thrombotic risk determined by the peculiar setting of

SARS-CoV-2 infection.15,22 The authors’ data were in line with

existing literature, and the fact that they observed comparable sur-

vival between patients treated with bivalirudin and heparin further

supported the efficacy and safety of the use of direct thrombin

inhibitors in such a complex clinical context. Furthermore, in the

setting of SARS-CoV-2 infection, interestingly, a higher risk for

antiplatelet factor 4 antibodies development has been claimed,

although not unequivocally documented23-25; this may represent

another element to be taken into consideration in the choice of the

anticoagulation strategy. At the moment, large prospective ran-

domized trials on the use of bivalirudin in patients with SARS-

CoV-2 infection are on the way, and the results will be provided

in the future.26

The authors’ data also pointed out that the bivalirudin dose

administered to patients affected with SARS-CoV-2 was higher

compared to the bivalirudin drug administered to the control

group of critically-ill patients negative to SARS-CoV-2 infec-

tion. This finding was in line with very recent literature27 and

supported the clinical perception that the hypercoagulability

status induced by SARS-CoV-2 infection has a relevant clinical

effect. Indeed, recommendations supporting higher anticoagu-

lation targets when dealing with ECMO and SARS-CoV-2

infection also have been developed.28 The authors here argue

that reaching the appropriate anticoagulation target with higher

doses of bivalirudin than what was generally requested played

a key role in downregulating thrombotic patterns activation;

namely, the authors observed a low thrombotic complication

rate, and this also was confirmed in ECMO patients. At the

same time, a word of caution is mandatory in the interpretation

of coagulation tests, such as aPTT, since they are influenced by

the levels of coagulation factors. Namely, levels of factor VIII

have been shown to be increased in patients with SARS-CoV-2

infection,29 and this might result in assay artifacts, such as

shorter aPTT. In the light of this, the authors might have admin-

istered excessively high bivalirudin dosages to their patients,

but this did not translate into an increased bleeding risk in the

subgroup analysis of patients undergoing intravenous anticoa-

gulation with aPTT monitoring.
Finally, anticoagulation with bivalirudin proved to be as

safe and effective as heparin in the authors’ experience;

although no specific antidote exists, it has a half-life of 25

minutes.30 Since 20% of it is cleared by the kidneys, dose

adjustments were needed in case of renal failure, and a dose

increase may be needed in case of renal replacement

therapy31,32; these may be performed safely following aPTT in

the authors’ experience.19

The study also had some limitations: first, the retrospective

study design. Moreover, the most compromised patients per-

tained to the bivalirudin group since the control arm, repre-

sented by the heparin group, were not comparable in terms of

critical conditions and organ failure. Another confounding fac-

tor was that patients in the heparin group were administered

different types of drugs (unfractionated heparin versus low-

molecular-weight heparin) through different administration

routes. However, the authors also performed a subgroup analy-

sis of the most critically ill patients treated with intravenous

drugs. Although they might argue that bivalirudin might be a

valid alternative to heparin in this clinical context based on

their data, the authors are fully aware that the present study

was underpowered to assess the effect of anticoagulation regi-

men on survival; therefore, no conclusion is to be drawn on

this topic. Furthermore, this retrospective study was conducted

on patients hospitalized from February 2020 to May 2020,

when guidelines regarding SARS-CoV-2 infection manage-

ment were lacking and recommendations were poorly evi-

dence-based. Very recent meta-analyses and multicenter

studies are providing new perspectives regarding anticoagula-

tion strategies for critically ill patients with SARS-CoV-2

infection.33,34 As a matter of fact, anticoagulant drugs other

than heparin represent a new powerful therapeutic tool that

may allow patients to overcome adverse reactions from receiv-

ing heparin.35 Moreover, direct thrombin inhibitors are now

taken into consideration as an anticoagulation strategy to face

vaccine-induced immune thrombotic thrombocytopenia, a new

prothrombotic condition that cannot be treated with heparin.36

Finally, the authors provided data on the bivalirudin dose

needed in contemporary critically ill patients who were nega-

tive for SARS-CoV-2 compared with patients with SARS-

CoV-2 infection, but a similar analysis could not also be per-

formed in the heparin group.

Conclusions

While heparin is the most extensively used anticoagulant

drug, bivalirudin has a good safety and efficacy profile in

the most critically ill patients, even in those on extracorpo-

real support. In addition to the anticoagulant effect, by

reducing the thrombin-mediated activation of platelets,

bivalirudin also shows antiplatelet effects.30 Furthermore,

through the tight cross-talk between coagulation and

inflammation, it also might affect inflammatory patterns.37

The pleiotropic clinical effects of heparin administration

should be further investigated, also in the perspective of

inflammatory downregulation. Prospective trials are needed

to assess possible survival implications.
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