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Use of bivalirudin in patients during veno-venous extracorporeal membrane
oxygenation: a case series
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ABSTRACT

Objective: This study aimed to evaluate the use of bivalirudin as an alternative to conventional anticoagulant therapy with heparin in patients
requiring venovenous extracorporeal membrane oxygenation (V-V ECMO) support for Acute Respiratory Distress Syndrome (ARDS), with a
focus on dose titration, therapeutic range monitoring, complications, and clinical outcomes.

Materials and Methods: This retrospective case series included six patients who received V-V ECMO support and systemic anticoagulation
with bivalirudin between August 2021 and April 2022 at Sakarya University Training and Research Hospital due to a diagnosis of ARDS.
Activated clotting time (ACT), activated partial thromboplastin time (aPTT), daily bivalirudin infusion doses, ECMO-related complications, and
clinical outcomes were retrospectively analyzed.

Results: Bivalirudin infusion doses ranged between 0.01 and 0.2 mg/kg/h across all patients. ACT values were maintained within the target
range in all cases, while aPTT values remained below target in four patients. Hemorrhagic complications were observed in two patients,
while thrombotic events occurred in another two. In one patient, bivalirudin infusion was discontinued due to the development of acute kidney
injury. Of the six patients, two were discharged, while four died during follow-up.

Conclusion: Bivalirudin appears to be a safe and effective alternative anticoagulant agent for patients undergoing V-V ECMO. However,
individualized and meticulous anticoagulation monitoring is essential, particularly in the context of renal dysfunction, the strengths and
limitations of aPTT and ACT monitoring, and the delicate balance between hemorrhagic and thrombotic risks.
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Introduction circuit function. Since this treatment also carries a risk
of bleeding, it requires careful management. In ARDS
Today, veno-venous extracorporeal membrane  Casesassociatedwith COVID-19, achievingthisbalance

oxygenation (V-V ECMO) is a treatment modality used is difficult because of the existing hypercoagulable
in the management of Acute Respiratory Distress state, which significantly increases the risk of both

Syndrome (ARDS) due to many different causes venous and arterial thromboembolic complications
and may be required in cases that do not respond to (1-3). Unfractionated heparin is generally used as the
conventional mechanical ventilation anticoagulant during ECMO because of its rapid onset

of action, widespread availability, and reversibility with
During veno-venous extracorporeal membrane protamine (4,5). To date, unfractionated heparin (UFH)
oxygenation (V-V ECMO), anticoagulation is necessary has been identified as the primary antithrombotic
to reduce the risk of thrombosis and maintain ECMO agent recommended in Extracorporeal Life Support
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Organization (ELSO) guidelines (2). However, heparin
has inherent limitations, including susceptibility to
persistent fluctuations in dose responsiveness and
heparin-induced thrombocytopenia (HIT) (6). These
potential problems associated with traditionally used
unfractionated heparin (UFH), together with the goal
of achieving better patient outcomes, have led to
the need for alternative anticoagulation strategies in
ECMO.

As an alternative anticoagulant in ECMO, bivalirudin,
a direct thrombin inhibitor (DTI), has begun to
be preferred because it provides predictable
pharmacokinetics due to its organ-independent
clearance and allows a balance between thrombosis
and hemorrhage (7,8).

In this case series, we aimed to present the follow-up
and treatment process of our patients who received
veno-venous ECMO and were anticoagulated with
bivalirudin.

Materials and methods

This retrospective case series included patients who
received veno-venous ECMO support due to COVID-
19-related ARDS at Sakarya University Training
and Research Hospital between August 2021 and
April 2022. Approval for the study was obtained
from the Sakarya University Training and Research
Hospital Non-Interventional Clinical Research Ethics
Committee (No: 71522473-050.01.04-136950-156).

The patients’ age, sex, day of ECMO initiation, and
laboratory values were recorded. During ECMO,
hourly activated clotting time (ACT), activated partial
thromboplastin time (@PTT) every 4 hours, and hourly
bivalirudin dose values were recorded. Complications
occurring during ECMO and intensive care unit and
hospital outcomes were also recorded.

All patients received a bolus dose of heparin during
ECMO cannulation, followed by initiation of a

bivalirudin infusion. During ECMO, bivalirudin was
initiated at 2.5 mcg/kg/min as recommended in the
ECMO bivalirudin dosing protocol proposed by Netley
et al.(9). According to the same protocol, the target
aPTT was 50-70 seconds; however, because ACT
values were considered more suitable for our hospital
practice, we primarily targeted ACT values. Although
there are differing opinions regarding the target ACT
range, we determined the ACT target (for the i-STAT
analyzer) to be between 160 and 200 seconds (10).

Complications developing during ECMO, daily
mean bivalirudin dose, aPTT, and ACT levels were
demonstrated graphically for each case.

Results

The data of six patients who received veno-venous
ECMO support for ARDS and were anticoagulated
with bivalirudin between August 2021 and April 2022
were included in the study. All cases were considered
suitable for ECMO according to the recommendations
in the ELSO guidelines (11).

Case 1

The first case was a 46-year-old male patient. The
clinical events timeline of the case is shown in Figure 1.
The daily mean bivalirudin dose administered during
ECMO ranged between 0.015 mg/kg/h and 0.15 mg/
kg/h. ACT was maintained within the target range, with
a mean value of 174 seconds. The mean aPTT was 49
seconds, which was below the target range. On day 9
of ECMO, while ACT and aPTT values were within the
target ranges, the patient developed gastrointestinal
bleeding. Following the development of acute kidney
injury on day 17, the bivalirudin requirement necessary
to maintain target ACT and aPTT values decreased to
0.015 mg/kg/h. During follow-up, the patient developed
a need for renal replacement therapy and died on day
19 of ECMO due to multiorgan failure.

Turk J Intensive Care 2026;24(3):216-225



218 Kuzgun 0, et al. Bivalirudin in ECMO

Case 2 mg/kg/h. ACT was maintained within the target range,
with a mean value of 164 seconds. The mean aPTT

The second case was a 31-year-old female patient.
was 37 seconds, which was below the target range.

The clinical events timeline of the case is shown in
Figure 2. The mean bivalirudin dose administered = No bleeding or thrombosis was detected. The patient

during ECMO varied between 0.027 mg/kg/h and 0.36 died on day 16 of ECMO due to worsening hypoxemia.
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Figure 1. Case 1 clinical events timeline.
ACT target range: 160-200 sec, aPTT target range: 50-70sec, ACT (mean): 174sec, aPTT(mean):49sec.
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Figure 2. Case 2 clinical events timeline.

ACT target range:160-200 sec, aPTT target range:50-70sec, ACT (mean): 164sec, aPTT(mean):37sec.
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Case 3

The third case was a 42-year-old male patient.
The clinical events timeline of the case is shown in
Figure 3. During the first 11 days of ECMO, the daily
mean bivalirudin dose was 0.015 mg/kg/h, and ACT
remained within the target range. On day 12, following
the development of acute kidney injury (KDIGO stage
2, GFR 30-50 mL/min/1.73 m32), the bivalirudin dose
was reduced to as low as 0.0001 mg/kg/h. On day
18, the bivalirudin infusion was discontinued because
ACT values were at the upper limit of the target range.
After ACT values returned to the target range, a
percutaneous tracheostomy was performed on day
21. Subsequently, acute kidney injury progressed, and
the patient required renal replacement therapy. Since
ACT and aPTT values continued to remain above the
targetrange, bivalirudin infusion was not restarted. The
patient developed bleeding around the tracheostomy
site on day 23, gastrointestinal bleeding on day 25,
and catheter-site bleeding on day 28. Disseminated
intravascular coagulation (DIC) developed on day 30.
The patient developed pulmonary hemorrhage on day
36 and died on day 37.
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Figure 3. Case 3 clinical events timeline.

Case 4

The fourth case was a 33-year-old female patient. The
clinical events timeline of the case is shown in Figure 4.
The mean bivalirudin dose administered during ECMO
varied between 0.025 mg/kg/h and 0.099 mg/kg/h.
Throughout ECMO, ACT was maintained within the
target range, with a mean value of 166 seconds. The
mean aPTT was 44 seconds, which was below the
target range. However, despite ACT and aPTT values
being within the target ranges, the patient developed
a massive pulmonary embolism on day 14 and died.

Case 5

The fifth case was a 50-year-old male patient. The
clinical events timeline of the case is shown in Figure 5.
The daily mean bivalirudin dose administered during
ECMO varied between 0.0068 mg/kg/h and 0.051 mg/
kg/h. During the first 11 days of ECMO follow-up, ACT
was maintained within the target range, with a mean
value of 164 seconds. After day 12, anticoagulation
monitoring was performed only with aPTT because
ACT cartridges were unavailable; from day 12 onward,
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37. day Death
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35.day Pulmonary hemorrhage

30. day Disseminated intravascular coagulaion

ACT target range:160-200 sec, aPTT target range: 50-70sec, ACT (mean): 197sec, aPTT(mean):58sec.
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the mean aPTT was 50 seconds and remained within
the target range. On day 21, the bivalirudin infusion
was discontinued, and a percutaneous tracheostomy
was performed on day 22. ECMO support was
terminated on day 23. An ischemic cerebrovascular
event developed on day 28. Subsequently, left-sided
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Figure 4. Case 4 clinical events timeline.
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pneumothorax developed on day 29, sepsis on
day 30, and right-sided pneumothorax on day 31.
During follow-up, mechanical ventilatory support was
discontinued on day 45, the tracheostomy was closed
on day 47, and the patient was discharged home on
day 61.
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Figure 5. Case 5 clinical events timeline.
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ACT target range: 160-200 sec, aPTT target range:50-70sec, ACT (mean): 164sec, aPTT(mean):40sec.
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Case 6

The sixth case was a 40-year-old female patient. The
clinical events timeline of the case is shown in Figure 6.
The daily mean bivalirudin dose administered during
ECMO varied between 0.01 mg/kg/h and 0.057 mg/
kg/h. Throughout ECMO, ACT was maintained within
the target range, with a mean value of 174 seconds.
The mean aPTT was 58 seconds and was within
the target range. However, gastrointestinal bleeding
occurred on day 10 while ACT and aPTT values were
within the target ranges, and catheter-site bleeding
was observed on day 12. Until bleeding was controlled,
ACT was maintained close to a target value of 150
seconds. ECMO support was terminated on day 22.
A percutaneous tracheostomy was performed on day
23. Mechanical ventilatory support was discontinued
on day 32, the tracheostomy was closed on day 35,
and the patient was discharged home on day 43.
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Figure 6. Case 6 clinical events timeline.
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Discussion

This case series presents the follow-up and outcomes
of patients who received bivalirudin as an anticoagulant
during ECMO support.

Over the last decade, an increasing body of evidence
regarding the use of bivalirudin as an anticoagulant
in ECMO has demonstrated its safety during ECMO
support, and emerging data suggest that it provides
a superior balance between thrombosis and
hemorrhage (11). A retrospective study involving 32
pediatric ECMO patients demonstrated fewer bleeding
complications with bivalirudin use (12). Current
studies have reported that bivalirudin use achieves
therapeutic anticoagulation targets in a shorter time,
maintains patients within the therapeutic range for
longer periods, and results in less variation in aPTT
levels (13).
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Although aPTT is recommended for monitoring
anticoagulation with Direct Thrombin Inhibitors
(DTls), it has been reported that at high DTI
concentrations, aPTT values may underestimate the
actual anticoagulant effect. Furthermore, in patients
receiving DTls, elevated factor VIII or fibrinogen
levels may lead to inaccurate aPTT results; therefore,
alternative tests have been recommended. Since this
situation may result in an underestimation of bleeding
risk, ACT monitoring has been suggested for DTI
anticoagulation management (14).

The ELSO guidelines state that ACT may be used
to monitor trends in DTI anticoagulation. Experience
in interpreting ACT results without adhering to a
strict numerical range may enhance the utility of this
test. Since each anticoagulation assay has its own
advantages and disadvantages, ELSO recommends
that anticoagulation efficacy should be monitored
using a patient-specific protocol regardless of the
anticoagulant agent used, and that both a plasma-
based test (@PTT) and a whole-blood hemostatic test
(ACT) should be available in clinical practice (15).

In our case series, in addition to aPTT, which is the
standard test recommended for monitoring bivalirudin
therapy, ACT monitoring was also performed because
it was more suitable for our daily clinical practice and
provided rapid results. Studies are also available in the
literature in which the anticoagulant effect of bivalirudin
was monitored solely using ACT values (16). In all of
our cases, ACT values remained within the target
range. However, mean aPTT values remained below
the target range in four cases, whereas bleeding
complications developed in Cases 3 and 6, whose
mean aPTT values were within the target range. These
findings support the notion that aPTT values may
underestimate the true anticoagulant effect at high
DTI concentrations (15).

The 2021 ELSO guidelines recommend measuring
ACT every 1-2 hours and aPTT every 6-12 hours
during ECMO anticoagulation monitoring (15). There
are also studies recommending aPTT monitoring

Turk J Intensive Care 2026;24(3):216-225

every 2-4 hours initially for bivalirudin therapy and
once daily after achieving the target range (17). In our
clinical practice, we followed the recommendations of
the 2021 ELSO guidelines regarding the frequency of
anticoagulation testing.

In Case 6, gastrointestinal bleeding and catheter-site
bleeding complications were controlled by reducing
the bivalirudin dose. However, in Case 3, the dose
was initially reduced following the development of
acute kidney injury on day 12. In the following days,
as the patient required renal replacement therapy and
continued to exhibit elevated ACT levels and persistent
bleeding complications, the bivalirudin infusion was
discontinued. It is known that the half-life of bivalirudin
is prolonged in severe renal failure (18,19), and dose
adjustment is recommended in patients who develop
severe renal dysfunction (9,20). Therefore, the elevated
ACT and aPTT values observed in this patient may be
associated with acute kidney injury.

Another important complication during ECMO support
is the tendency toward thrombosis. This has been
reported more frequently, particularly in COVID-19
patients with a predisposition to coagulopathy, as
in our case series (21,22). In our series, Case 4
developed a massive pulmonary embolism despite
ACT values remaining within the target range, and
Case 5 experienced an ischemic cerebrovascular
event after ECMO discontinuation. However, aPTT
values in both patients remained below the target
range. The thrombotic complications observed may
be related to this finding; however, the occurrence
of bleeding complications in two patients whose
aPTT values were within the target range makes this
hypothesis debatable.

The incidence of thrombotic complications has been
reported to be 20-30% among hospitalized COVID-19
patients (23). In the study by Arachchillage et al.,
thrombosis was detected in 63% of ECMO patients,
with pulmonary embolism being the most common
thrombotic complication, occurring in 26.9% of
patients. In the same study, bleeding complications
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occurred in 30.9% of patients, of which 10.9% were
intracranial hemorrhages (24). In the study conducted
by Shaefi et al. among COVID-19 patients receiving
ECMO support, thrombotic events occurred in 22.6%
of cases, whereas bleeding complications were
observed in 27.9% of patients. While thrombotic events
were not shown to have a statistically significant effect
on mortality, bleeding complications were found to be
significantly associated with mortality (25).

A study comparing bivalirudin and UFH during ECMO
demonstrated a lower bleeding rate in the bivalirudin
group (26). In a more recent study, when thrombotic
events, bleeding events, and total blood product
replacement requirements were evaluated together,
bivalirudin appeared to be more advantageous than
UFH in patients receiving ECMO support. In that study;,
red blood cell and fresh frozen plasma transfusion
requirements were significantly lower in the bivalirudin
group compared with the UFH group. Notably, among
patients in the bivalirudin group, all of whom had
COVID-19, no increase in thrombotic events was
observed despite the known prothrombotic tendency
associated with COVID-19 (27). In another study
involving patients receiving ECMO support following
post-cardiotomy shock, fresh frozen plasma and
platelet transfusion requirements were significantly
lower in the bivalirudin group compared with the
UFH group, whereas red blood cell transfusion
requirements were similar between the two groups
(28). Based on these literature data, bivalirudin may
be considered a suitable alternative anticoagulant in
patients receiving ECMO support due to COVID-19.

There is considerable variability in the reported
bivalirudin dose required to achieve effective
anticoagulation. In a case series by Halawi et al., the
bivalirudin dose required for effective anticoagulation
ranged between 0.05 and 0.1 mg/kg/h (29). Another
study reported that the required bivalirudin dose
varied between 0.02 and 0.5 mg/kg/h (30). In our case
series, the bivalirudin dose required to achieve the
target ACT ranged between 0.01 and 0.2 mg/kg/h,

which was lower than that reported in the literature.
Similarly, in the study by Macielak et al., bivalirudin
infusion doses ranged from 0.01 to 0.05 mg/kg/h, and
the target ACT was maintained between 160 and 180
seconds (31).

Conclusion

In conclusion, this case series suggests that bivalirudin
may be used as an alternative anticoagulant for the
prevention of thrombotic events in patients receiving
V-V ECMO support for ARDS. Nevertheless, regardless
of the anticoagulant agent used or the monitoring
method employed, bleeding and thrombosis remain
important complications during V-V ECMO therapy.
Therefore, close monitoring and individualized
anticoagulation management are required to optimize
patient outcomes. Larger-scale studies are needed to
evaluate the efficacy of bivalirudin and to determine
the effectiveness of monitoring strategies, particularly
in V-V ECMO patients with underlying diseases that
predispose them to coagulopathy.
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