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Abstract

Background: Extracorporeal membrane oxygenation (ECMO), a rescue therapy for pulmonary
failure, has traditionally been limited by anticoagulation requirements. Recent practice has
challenged the absolute need for anticoagulation, expanding the role of ECMO to patients with
higher bleeding risk. We hypothesize that mortality, bleeding, thrombotic events, and transfusions
do not differ between heparin-sparing and full therapeutic anticoagulation strategies in veno-
venous (VV) ECMO management.

Materials and methods: Adult VV ECMO patients between October 2011 and May 2018 at
a single center were reviewed. A heparin-sparing strategy was implemented in October 2014; we
compared outcomes in an as-treated fashion. The primary end point was survival. Secondary end
points included bleeding, thrombotic complications, and transfusion requirements.

Results: Forty VV ECMO patients were included: 17 (147 circuit-days) before and 23 (214
circuit-days) after implementation of a heparin-sparing protocol. Patients treated with heparin-
sparing anticoagulation had a lower body mass index (28.5 + 7.1 versus 38.1 + 12.4, P=0.01),
more often required inotropic support before ECMO (82 versus50%, P= 0.05), and had a lower
mean activated clotting time (167 £ 15 versus 189 + 15 s, P< 0.01). There were no significant
differences in survival to decannulation (59 versus 83%, P=0.16) or discharge (50 versus 72%, P
= 0.20), bleeding (32 versus 33%, P=1.0), thromboembolic events (18 versus 39%, P=0.17), or
transfusion requirements (median 1.1 versus 0.9 unit per circuit-day, 2= 0.48).

Conclusions: Survival, bleeding, thrombotic complications, and transfusion requirements did
not differ between heparin-sparing and full therapeutic heparin strategies for management of
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VV ECMO. VV ECMO can be a safe option in patients with traditional contraindications to
anticoagulation.

Keywords

Extracorporeal membrane oxygenation (ECMO); Severe respiratory failure; Hypoxia;
Anticoagulation; Heparin

Introductionss

Extracorporeal membrane oxygenation (ECMO) is increasingly being utilized as a rescue
modality for patients with severe reversible pulmonary failure, such as acute respiratory
distress syndrome.1~" Although it can be a life-saving intervention in this patient population,
it still carries an in-hospital mortality ranging from 30% to 55% in the literature.47-10
Anticoagulation has traditionally been used to prevent thrombosis of the ECMO circuit;
however, it has also been shown to contribute to the incidence of bleeding.1! Serious
bleeding is reported in 39.1% of patients on veno-venous (VV) ECMO and can result in

the need for large volume blood transfusion.12 Gastrointestinal bleeding is one of the most
common bleeding complications during ECMO support, but bleeding at other sites including
the nares (epistaxis), thoracic cavity, surgical sites, cannulation sites, and brain (intracranial
hemorrhage [ICH]) has been reported.13-17

ECMO has been shown to be a viable option in a select subset of polytrauma patients

with associated acute respiratory distress syndrome and/or severe pulmonary trauma,

and its use is increasing in this population.18-22 However, trauma patients often have
contraindications to therapeutic anticoagulation related to their associated injuries, and
traditionally, significant trauma has been considered a relative contraindication to ECMO.23
A few small studies have looked at the viability of managing VV ECMO using novel
anticoagulation-sparing strategies compared to traditional full anticoagulation and have
shown comparable outcomes.24-31 We hypothesize that, among VV ECMO patients treated
at a single tertiary center, there is no difference in mortality, bleeding, thrombotic events, or
transfusion requirements in heparin-sparing versus full anticoagulation strategies.

Materials and methods

After institutional review board approval, a retrospective chart review was conducted for
all adult patients (age > 18 y) treated consecutively with VV ECMO at a single institution
between October 2011 and May 2018. Data collection was performed under a waiver of
consent.

ECMO circuit componentss

During the entirety of the study, ECMO systems consisted of ROTAFLOW centrifugal
pumps (Maquet/Getinge: Rastatt, Germany) in line with a standard membrane oxygenator
and heat exchanger, linked with PA./.s.i.0-coated polyvinylchloride tubing (LivaNova:
London, UK). All oxygenators and pump heads were noneheparin-coated (Quadrox-i,
Magquet/Getinge: Rastatt, Germany), with the exception of one heparin-bonded oxygenator
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(Quadrox-i) used before the October 2014 protocol change. A Medos hilite 7000 LT
oxygenator (GISH Biomedical: Rancho Santa Margarita, CA) was used in one patient after
October 2014 due to limited availability of the Quadrox-i oxygenator.

The standard practice of evaluation of the oxygenator consisted of inspection at shift
change by the ECMO clinicians (respiratory therapists and/or registered nurses with
specific institutional ECMO training) with intensivist notification if there was an issue.
The intensivist also evaluated the circuit daily. The oxygenator was changed if there was
significant visible clot burden contributing to loss of oxygenator performance based on
intensivist and/or ECMO clinician assessment.

Before October 2014, cannulation was achieved with Avalon Elite bicaval dual-lumen
catheters (Maquet/Getinge: Rastatt, Germany) placed preferentially in the right internal
jugular vein via a percutaneous Seldinger technique. In the preprotocol change group,

100% (17) of patients were cannulated in this fashion. After October 2014, cannulation

was achieved with noncoated Bio-Medicus single-lumen catheters (Medtronic: Minneapolis,
MN) placed in the common femoral vein for drainage, and either the internal jugular vein or
contralateral common femoral vein for return via a percutaneous Seldinger technique. In the
postprotocol group, 96% (22) were cannulated using the aforementioned method, and 4%
(1) were cannulated percutaneously using an Avalon Elite bicaval dual-lumen catheter, due
to severe bilateral lower extremity fractures.

ECMO management

In October 2014, the institution transitioned to a single surgical service managing patients
on ECMO to standardize care. Once patients were placed on ECMO, they were transferred
to the cardiothoracic intensive care unit and managed using a multidisciplinary approach
between the cardiovascular intensivist and the cardiac surgery team. Routine circuit
maintenance was managed by the same group of dedicated ECMO clinicians throughout
the study.

Before October 2014, patients were started on full therapeutic anticoagulation with
intravenous (1) unfractionated heparin (activated clotting time [ACT] goal: 180-200 s(s)),
unless there were bleeding risks (e.g., trauma, gastrointestinal bleeding, etc.) that required
altering the anticoagulation strategy. In October 2014, there was an institutional paradigm
shift to a heparin-sparing protocol. At the time of cannulation, the decision to administer

a heparin bolus was at the discretion of the cannulating surgeon. The circuit was then
managed either without heparin or with low-dose continuous IV heparin (ACT goal: 140-
180 s). Only two patients were initiated on full therapeutic IV heparin due to clots noted

at the time of cannulation. This heparin-sparing strategy was continued unless the patient
developed visual fibrin on the oxygenator with evidence of flow impediment at which time
they were converted to full therapeutic anticoagulation. In both eras, point of care ACTs
were checked every hour until stabilization, at which point the interval was increased to
every 2 h. One patient in the heparin-sparing group had severe pulmonary failure from
viral pneumonia and concomitant hepatic congestion from post—heart transplant rejection
(transplant 1 mo before respiratory failure) that resulted in coagulopathy and increased
ACTs, which given the nature of the increased ACTSs, were excluded from the ACT analysis.
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In both cohorts, evaluation for ECMO was requested at the discretion of the attending
intensivist, and the decision for cannulation was at the discretion of the cannulating
attending surgeon. All decisions were made on a case-by-case basis; no formal institutional
protocol listing specific indications or contraindications for ECMO exists.

The following clinical variables were examined for all patients: demographics, indication
for ECMO, duration of ECMO, intensive care unit length of stay, hospital length of

stay, inotropic support both before and during ECMO, renal failure requiring renal
replacement therapy (continuous renal replacement or intermittent hemodialysis), inhaled
pulmonary vasodilator use, transfusion requirements, Glasgow Coma Scale on admission,
the Extracorporeal Life Support Organization (ELSO) RESP score,? the Simplified Acute
Physiology Il Score,32 aspirin/clopidogrel administration within 5 d of initiation of ECMO
and during ECMO, pre-ECMO laboratory values, cannulation site, and use of systemic
anticoagulation on initiation and during the ECMO course. Additional variables examined
for trauma patients included the following: mechanism of traumatic injury, injury severity
score (ISS), the presence of ICH on admission computed tomography scan, the presence of
a spinal cord injury, and the presence of orthopedic injuries resulting in non-weight-bearing
status of the lower extremities.

Given the small case series, we focused primarily on an astreated analysis defined as
whether patients spent >50% of circuit-days on a heparin-sparing strategy as this was

felt to be the most clinically relevant. Sensitivity analyses grouping patients instead

as preprotocol versus postprotocol change, and as intention-to-treat (based on whether
continuous IV heparin was initiated immediately after cannulation or not), were performed
and did not substantively differ from the astreated results presented. A circuit day was
defined as a 24-hour period from 7 AM until 7 AM the following day. Primary outcomes
were survival to decannulation and survival to discharge. Secondary outcomes were
bleeding complications, thromboembolic events, and transfusion requirements. Bleeding
complications were categorized into minor and major complications. Minor complications
included the following: bleeding from the cannula sites that required intervention, either

at the bedside or in the operating room. Major complications included the following:

recent surgical site hemorrhage, gastrointestinal bleeding (GIB) and pulmonary hemorrhage
that required transfusion of blood products, and new or worsened ICH. Thromboembolic
complications included the following: the need for oxygenator change, unexpected cessation
of the ECMO circuit due to clot, and thrombotic events (defined as a new diagnosis of
pulmonary embolism [PE], deep vein thrombosis [DVT], stroke, or other major vessel
thrombosis based on diagnostic imaging). Of note, our institution does not routinely screen
for PEs, DVTs, or other major thrombi; imaging is only obtained for symptoms or signs of
thromboembolic complications.

Statistical analysis

Unless otherwise noted, data are presented as mean + standard deviation for normally
distributed data, median [interquartile range] for nonnormally distributed data, or percentage
for binary data. Univariate differences between groups were assessed using Student’s #test
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for normally distributed data, Mann-Whitney U-test for nonnormal data, and Fisher’s exact
test for binary data. Multivariable logistic regression models were developed for survival

to decannulation, bleeding complications, and thrombotic complications. Models began

by including parameters which differed significantly between groups with £< 0.05 and
subjected to forward selection with additional candidate parameters only included if Akaike
information criteria were reduced. Standard errors were adjusted by robust clustering by
ECMO indication (medical versustrauma). Goodness of fit was assessed using the Hosmer-
Lemeshow test, and significant predictor nonlinearity modeled using cubic splines. All
analyses were performed by the authors using Stata v14 (StataCorp LP, College Station,
TX).

Forty patients were treated with VVV ECMO (Figure). Overall, bleeding complications
occurred in 32.5% of patients (7% of trauma patients), and thromboembolic events occurred
in 27.5% of patients (29% of trauma patients). Overall survival was 60% (71.4% in trauma
patients). Seventeen patients (147 circuit days) were managed before implementation of

a standardized heparin-sparing protocol, and 23 patients (214 circuit days) were managed
after protocol implementation. In the preprotocol group, 39 (27%) of circuit days were
managed with low- or no-heparin (trauma patients and those felt to have an increased

risk of bleeding), versus 108 (73%) circuit days managed with full therapeutic heparin
anticoagulation. By contrast, in the postprotocol group, 190 (89%) circuit days were
heparin-sparing versus 24 (11%) circuit days with full therapeutic heparin anticoagulation
(3 patients were converted to a full anticoagulation strategy after fibrin clots developed

on the oxygenator, one patient was started initially on a full anticoagulation strategy per

the surgeon preference, and one patient was transitioned to argatroban after developing
heparin-induced thrombocytopenia). In addition, in the postprotocol group, 35% (75) of all
circuit days were completely heparin-free (including no administration of DVT prophylaxis),
with nine patients undergoing completely heparin-free courses of ECMO (a total of 33
circuit days).

To investigate the effect of the heparin treatment strategy, patients were categorized into the
following groups: those who spent the majority of circuit days (>50%) on a heparin-sparing
strategy versus those who spent the majority of circuit days (>50%) on a full-heparin
strategy (Table 1). The only significant differences between the two as-treated groups were
lower body mass index (28.5 + 7.1 versus 38.1 + 12.4 kg/m2, P=0.01) and lower mean ACT
in the heparin-sparing group (167 + 15 versus 189 + 15 s, < 0.01). Notably, there were

no significant differences in survival to either decannulation (59 versus 83%, P= 0.16) or
discharge (50% versus 72%, P= 0.20). Using multivariable analysis to adjust for the effects
of age and ELSO RESP? score, a heparin-sparing strategy was not an adjusted predictor of
survival to decannulation (odds ratio 0.34 [0.11-1.03], #=0.06). Clinical data in all patients
who died are presented in Table 2. We also evaluated the specific subset of nine patients
from the postprotocol group who received entirely heparin-free ECMO courses and found
that there were no differences in survival, complications, or transfusions in this subgroup
(all P> 0.10). Heparin was the only anticoagulant administered in this study, other than

the case of a single patient in the heparin-sparing group who developed heparin-induced

J Surg Res. Author manuscript; available in PMC 2023 May 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carter et al.

Page 6

thrombocytopenia and was managed with an argatroban infusion. No patients in either

group received either aspirin or clopidogrel in the 5 d before ECMO cannulation or during
their ECMO course. No patients crossed into a no-heparin strategy from a full-heparin
strategy due to bleeding during the course of the study. Nine patients crossed over from a no-
heparin strategy to a heparin-sparing strategy; one patient crossed-over into full therapeutic
anticoagulation for 3 d before being transitioned back down to a heparin-sparing strategy
due to increased clot on the oxygenator during daily visual inspection.

There were 14 trauma patients placed on VV ECMO during the study period: seven were
managed with full-heparin anticoagulation (46 circuit days, 0% heparin-sparing) and 7
with a heparin-sparing strategy (45 circuit days, 91% heparin-sparing). Patient information,
injuries, and ISS for this subset of trauma patients are shown in Table 3. Of these

injured patients, three had intracranial bleeding on arrival: of these, 1 had evolution of

a subarachnoid hemorrhage leading to herniation and brain death. Ten of the 14 trauma
patients had contraindications to anticoagulation (including ICH, spinal cord injuries,
splenic or liver lacerations, or active bleeding; see Table 3); however, none had bleeding
complications, even in the case of four patients who received full therapeutic IV heparin.

Thirteen patients had bleeding complications while on ECMO during the study period.
There were six patients with bleeding complications in the full-heparin anticoagulation
group: six minor complications and two major complications (2 new GIBs). One of the six
patients was a trauma patient, with no contraindication to heparin. There were seven patients
with bleeding complications in the heparin-sparing group: seven minor complications and
four major complications (1 GIB, 1 new ICH, 1 surgical site hemorrhage, and 1 pulmonary
hemorrhage). None of the bleeding complications in the heparin-sparing group occurred in
a trauma patient. All bleeding complications recorded occurred during the patient’s ECMO
course; there were no clear trends as to the timing of complications relative to the day since
ECMO start. Multivariable analysis showed that each day of ECMO duration was associated
with a 30% increase in the odds of a bleeding complication (P < 0.01). When adjusted for
ECMO duration, heparin strategy was not a significant predictor of bleeding complication
(odds ratio 0.49 [0.13-1.83], A= 0.289).

Eleven patients had thrombotic complications during the study period. There were seven
patients with thrombotic complications in the full-heparin anticoagulation group: 4 DVTs,
4 oxygenator changes, 2 nonfatal pump malfunctions, and 1 PE. The DVTs and PE
occurred after ECMO decannulation in all but one patient; a DVT occurred while on
ECMO in one patient. There were two trauma patients in this full-heparin subgroup with
thrombotic complications, accounting for one of the diagnoses of DVT as well as an
oxygenator change and unexpected cessation of the pump. There were four patients with
thrombotic complications in the heparin-sparing group: 2 DVTS, 2 oxygenator changes, 1
unexpected cessation of pump, and 1 PE. The DVTs and PE all occurred after the patients
were decannulated from ECMO. There were no trauma patients in this heparin-sparing
subgroup with thrombotic complications. All recorded PEs occurred after the patients
were decannulated from the ECMO circuit. With regards to DVTs, one patient in the
full-heparin cohort developed a DVT while on ECMO; the remainder of the patients in
the full-heparin cohort and all the patients diagnosed with DVTSs in the heparin-sparing
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cohort were diagnosed after decannulation from ECMO. When adjusted for ECMO duration,
heparin strategy was not a significant predictor of thrombotic complication (odds ratio 0.405
[0.01-17.8], P=0.322).

Of note, there were five patients, all in the full-heparin cohort, that experienced both

a bleeding and thrombotic complication. The breakdown of these complications was as
follows: patient 1-bleeding from the cannula site and both an oxygenator exchange and
unexpected cessation of the ECMO circuit; patient 2—bleeding from the cannula site and
unexpected cessation of the ECMO circuit; patient 3—bleeding from the cannula site, GIB,
an oxygenator exchange, and DVT (diagnosed while on ECMO); patient 4-bleeding from
the cannula site and oxygenator exchange; and patient 5-bleeding from the cannula site,
GIB, and DVTs (diagnosed after decannulation from ECMO).

Discussion

The use of ECMO, both VV and veno-arterial (VA), increased 433% from 2006 to

2011.33 As ECMO has become more commonly used, questions have arisen as to

whether it is superior, or at least noninferior, to conventional mechanical ventilation

alone. Two randomized control trials have been published recently looking at VV ECMO
versus mechanical ventilation. The trial comparing conventional ventilatory support versus
Extracorporeal Membrane Oxygenation for Severe Adult Respiratory Failure (CESAR) was
published in 2009.7 It was a multicenter randomized control trial of 180 patients (2001
2006) and showed that severe disability-free survival was better in patients randomized

to care at an ECMO versus non-ECMO center at the time of their enrollment. There are
several criticisms of this trial. First, 24% of the patients randomized to an ECMO center
were never cannulated, a significant number for this intention-to-treat analysis. Second, the
authors excluded patients with contraindications to anticoagulation. Third, the mechanical
ventilation arm was not standardized and included patients from 92 conventional treatment
centers. Finally, there was incomplete follow-up data in nearly half of all patients. The
Extracorporeal Membrane Oxygenation for Severe Acute Respiratory Distress syndrome
(EOLIA) trial was published in 2018.34 It was a multicenter randomized control trial that
planned to enroll 331 patients; however, it was discontinued after enroliment of only 249
patients. The trial was stopped early for futility as there was no statistical difference in

the 60-day mortality between the ECMO and mechanical ventilation groups. Although

this trial did standardize the mechanical ventilation arm, the study was underpowered. It
also allowed for significant crossover to the ECMO arm (28%) while still performing an
intention-to-treat analysis, making it difficult to interpret the results. As with the CESAR
trial, the EOLIA trial also excluded patients with contraindications to anticoagulation. A
recent large retrospective study looking specifically at trauma patients on ECMO concluded
that trauma should not be considered a contraindication to ECMO; these patients have
reasonable survival (70%) compared to their nontrauma counterparts.29 However, the
investigators did not address the potential effects of anticoagulation on ECMO bleeding

or thrombotic complications, or survival.2% While ELSO recommends a continuous infusion
of unfractionated heparin to achieve an ACT goal of 180-200, there is still significant
institutional variability, and no ideal therapeutic range or specific monitoring strategy has
been identified.35-37 Several case series have looked at heparin-sparing strategies with
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patients on VV ECMO and have shown no increased risk in morbidity or mortality,
although most have been small volume or have only looked at heparin free versusheparin
(summarized in Table 4).21.24-31.38-45 Kryeger et al. investigated using only prophylactic
subcutaneous enoxaparin in patients on VV ECMO and found that only one-third required
blood transfusion with an overall survival rate of 66%; however, this still does not address
patients who cannot tolerate any anticoagulation.3!

Therefore, a significant knowledge gap exists regarding the association between heparin
management strategy and survival, bleeding, and thrombosis rates in ECMO patients. This
study is unique in that the implementation of a protocol change to a standard heparin-sparing
anticoagulation strategy for VV ECMO allowed for a comparison of two naturally occurring
groups (full heparin versus heparin-sparing) specifically addressing this knowledge gap. It is
also one of the largest single-institution studies to look at anticoagulation strategies in VV
ECMO. Our study demonstrates no statistically significant differences in mortality, bleeding
risk, or thrombotic complication risk in either univariate or multivariable analysis between

a heparin-sparing and full therapeutic heparin anticoagulation strategy. This suggests that

it is acceptable to initiate VVV ECMO patients on a heparin-sparing strategy and reassess
daily for the necessity of converting to a full anticoagulation strategy, allowing the inclusion
of ECMO in the therapeutic armamentarium for severe respiratory failure in traditionally
excluded patients, such as trauma patients and other populations at high risk of bleeding.

In fact, this change in practice can be observed in this study by the inclusion of more,

and higher average ISS, trauma patients in the postprotocol change, heparin-sparing group.
Additionally highlighting the safety of this approach, while all trauma patients in the
postprotocol group had a traditional contraindication to heparin, no thrombotic or bleeding
complications were observed.

The survival rate at our tertiary referral center (60% overall, 71.4% trauma patients) is

on par with survival rates in the literature: 60%-70% for all patients on VV ECMO and
70% for trauma patients.* 8 9 Bleeding complications are also comparable and slightly
lower than those reported in the literature. At our institution, 32.5% of patients in the

total cohort had a bleeding complication as compared to 39% in the literature.12 When
looking specifically at trauma patients, 7% had a bleeding complication versus an average
of 9% in the literature.12 Thrombotic complications in the literature are often reported as
oxygenator dysfunction requiring replacement (29%) and venous thrombosis (10%).19 In
our population, 12.5% of patients had oxygenator dysfunction requiring replacement and
15% had a venous thrombosis. It is important to comment on the differences in survival and
risks of bleeding and thrombotic events between VV and VA ECMO. VA ECMO is well
known in the literature to be associated with a lower chance of survival (30%-40% versus
VV 60%-70%), higher chance of bleeding (68.5% versusVV 39.1%), and more thrombotic
events (16.7% versus V'V 9.4%). Our study focused only on those patients placed on VV
ECMO and did not address anticoagulation practices, overall survival, or complication rate
for patients placed on VA ECMO at our institution.12

There are important limitations to consider in the interpretation of this study. First, there
are a small number of 45 patients and an even smaller subgroup of 14 trauma patients.
Second, there were changes in practice unrelated to our anticoagulation strategy that could
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potentially confound the results, specifically, changing both catheter types and managing
services. Before October 2014, the institution utilized the Avalon Elite bicaval dual-lumen
catheter placed percutaneously in the right internal jugular vein, preferentially. After
October 2014, we changed to Bio-Medicus single-lumen catheters placed percutaneously
in the common femoral vein for drainage, and either the internal jugular or contralateral
common femoral for return. While no data exist to suggest there is a difference in the

rate of bleeding or thrombotic events between the two catheters, there are other distinct
advantages and disadvantages to each. The bicaval dual lumen catheters have the advantage
of a single insertion site, which decreases the risks of both bleeding and infection. They
also allow for patient ambulation while on ECMO, and as they are positioned more
posterolateral, make surgical positioning and transport easier.*® The disadvantages of using
a bicaval dual lumen catheter are as follows: 1) a more limited range of lumen sizes,

which can negatively impact flow and 2) increased difficulty of insertion given the need
for precise placement, necessitating fluoroscopy and/or echocardiographic guidance.*6 In
addition, there is increased instability of the catheter after placement and concern for
cerebral venous congestion with a large catheter in the internal jugular vein.*6 The bicaval
dual lumen catheters may also have an advantage over single-lumen catheters in those
patients with bilateral lower extremity orthopedic injuries and other procedural or logistical
difficulties in accessing the femoral veins. Although this was not addressed in this study
given its small size, one patient in the heparin-sparing group did have an Avalon Elite
bicaval dual lumen catheter inserted into the right internal jugular vein due to severe
bilateral lower extremity injuries; this patient survived to discharge and had no bleeding

or thrombotic complications. We attempted to account for both differences in catheter type
as well as a change in managing service by performing preprotocol versus postprotocol
and intention-to-treat analyses as well as the as-treated analysis presented previously and
found no meaningful differences in study findings; however, these logistical and equipment
differences remain potential confounding factors. In addition, as a retrospective study, we
cannot rule out that the lack of statistical significance observed is not due to inadequate
power; however, this highlights the need for larger multicenter studies specifically geared
toward evaluating anticoagulation strategies in patients on VV ECMO.

Conclusion

This 40-patient case series of anticoagulation management while on VV ECMO suggests
that patients can be safely maintained on VV ECMO with a heparin-sparing anticoagulation
strategy.
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