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3 Optimizing Anticoagulation for Venovenous Extracorporeal

Membrane Oxygenation
Finding the Right Balance

Recent guidelines advocate for venovenous extracorporeal membrane
oxygenation (VV ECMO) use in selected patients with severe acute
respiratory distress syndrome (ARDS) (1). This recommendation
is based on the collective data from both randomized (2-4) and
nonrandomized (5) landmark studies reporting survival benefits in
patients with ARDS treated with VV ECMO compared with those
receiving conservative care (6). Of note, these mortality benefits
occurred despite significantly increasing bleeding events in VV/
ECMO-supported patients (3). Although bleeding events are
associated with worse outcomes (7), it is likely that a reduction in
their occurrence could further improve VV ECMO-supported
patient outcomes. As such, studies examining, preventing, or
mitigating complications represent an important unmet need.

To prevent or mitigate the consequences of bleeding events,

a thorough understanding of their occurrence, risk factors,
pathophysiology, and impact on clinical outcomes is needed. In this
issue of the Journal, Martucci and colleagues (pp. 417-426) report the
PROTECMO (Prospective Observational study on Transfusion in
VV ECMO) study results of the evaluation of 652 VV ECMO-supported
patients treated between 2018 and 2021 in 41 centers participating in
the ECMONet consortium (8). The PROTECMO study examines a
highly granular longitudinal cohort that includes details on bleeding
events, type and doses of anticoagulants and antiplatelet therapies,
and monitoring tests and clinical outcome results.

There are seven important findings in this report, as follows:

1) A total of 342 (52.5%) of 652 patients developed bleeding events
during 16.5% of ECMO support days; 2) bleeding occurred most
frequently at the cannulation site; 3) the incidence of bleeding varied
over time and gradually increased over the course of ECMO support;
4) bleeding events significantly increased the risk for ICU-related
mortality; 5) the activated partial thromboplastin time (aPTT) levels
were associated with bleeding risk, but heparin doses poorly correlated
with aPTT values; 6) heparin was most frequently used as an
anticoagulant, aPTT was the major monitoring strategy, and average
targets ranged between 40 and 60 seconds; and 7) anticoagulation
and monitoring regimens were frequently changed throughout the
course of treatment.

The first four findings in VV ECMO-supported patients suggest
that bleeding remains a significant clinical problem, even though
target anticoagulation levels have been reduced over time; improvements
in oxygenators, circuits, and tubing architecture have reduced
hemostatic activation and consumptive coagulopathy; and
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increasing use, education efforts, and improved familiarity with
ECMO deployment and use have facilitated safer cannulation and
management practices (7). The persistently high incidence of
bleeding in ECMO patients is also influenced by the underlying
critical illness and associated multiorgan dysfunction that are
common in critically ill patients. The clinical presentation, however,
is frequently complicated by the fact that bleeding is accompanied by
thrombotic events in approximately 21% of VV ECMO-supported
patients (6). This frequent yin-yang coexistence of bleeding and
thrombosis and their higher incidence in COVID-related ARDS
seem to point to an important role of inflammation as a trigger and
catalyst for coagulation disorders (8). Findings 5 and 6 listed above
clearly describe clinical practice variation and, at the same time,
question the validity of aPTT for monitoring the heparin effect in
light of the poor correlation between heparin dosages and serum
aPTT levels. The latter uncertainty was underscored by a meta-
analysis of observational studies finding a higher bleeding risk and
similar thrombotic risk in a time-guided versus anti-Xa-guided
anticoagulation strategy, respectively (9). Observation number 7
demonstrates that bleeding risk is not constant over time, leading
to frequent monitoring strategies and anticoagulant changes.

The mechanistic evidence in this study provides several leads for
future developments that may help reduce bleeding risk and improve
patient outcomes. First, because the cannulation site is most often
involved in the bleeding site, improved cannula designs and
interplay between cannula and vasculature could help reduce local
complications. Further improvements in oxygenator biocompatibility
could potentially reduce coagulopathy and could lower or omit the
need for systemic anticoagulation. Additional therapeutic strategies
to minimize the contributory role of thromboinflammation in the
pathophysiology of bleeding and thrombosis could also further
minimize and improve the diathesis risk in non-COVID-19-related
ARDS. In light of the weak association between heparin doses and
plasma aPTT levels, future studies should expand on identifying
optimum monitoring biomarkers and their corresponding targets.
We hope that a current randomized clinical trial investigating low-
molecular-weight heparin and unfractionated heparin with different
anticoagulation targets will provide further guidance regarding
some of these important questions (10). For establishing specific
anticoagulation monitoring targets, dedicated prediction tools could
help assess the risk for bleeding and thrombosis and could further
contribute to personalized care (11). Given the variability of bleeding
risk across patients and within patients over time, such prediction
tools would also need to be dynamic and able to update risk profiles
over time by incorporating clinical (bleeding) events, degree of
inflammation, and circuit changes. The future development of
such dynamic models faces considerable challenges, including
counterfactual prediction and their validation. Recent advances in
epidemiological and biostatistical approaches may, however, be able
to overcome these difficulties (12). Although allogeneic blood product
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administration is associated with worse outcomes in critically ill
patients, much of this data is from retrospective observational studies;
however, a critical appraisal and restriction of transfusion thresholds
may also be important as an additional strategy for improving
outcomes in ECMO patients who bleed.

Although this comprehensive study by Martucci and colleagues
(8) provides insights into the impact of bleeding events during
concurrent treatment variation in VV ECMO anticoagulation, the
underlying disease state that necessitated VV ECMO continues to
be an important influence on outcomes. This variable is difficult to
quantitate but may also be responsible for the continued ongoing
high and consistent mortality of patients requiring VV ECMO. Also,
despite the important findings of this investigation, as a reminder,
association does not always imply causality. With the increasing use
of VV ECMO, additional guidance documents are also reported that
may provide better anticoagulation management strategies (13).
The present study results inspire future studies to further examine
bleeding and the impact of target-specific anticoagulation and
interventions. Future studies and randomized clinical trials may
further improve the impact of VV ECMO on outcomes in patients
with severe ARDS.
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