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Abstract

Purpose: This study aimed at analyzing the prevalence, mortality association, and risk factors for
bleeding and thrombosis events (BTEs) among adults supported with venovenous extracorporeal
membrane oxygenation (VV-ECMO).

Methods: We queried the Extracorporeal Life Support Organization registry for adults supported
with VV-ECMO from 2010 to 2017. Multivariable logistic regression modeling was used to assess
the association between BTEs and in-hospital mortality and the predictors of BTEs.
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Results: Among 7579 VV-ECMO patients meeting criteria, 40.2% experienced = 1 BTE.
Thrombotic events comprised 54.9% of all BTEs and were predominantly ECMO circuit
thrombosis. BTE rates decreased significantly over the study period (p < 0.001). The inpatient
mortality rate was 34.9%. Bleeding events (1.69 [1.49-1.93]) were more strongly associated with
in-hospital mortality than thrombotic events (1.23 [1.08-1.41]) p< 0.01 for both. The BTES most
strongly associated with mortality were ischemic stroke (4.50 [2.55-7.97]) and medical bleeding,
including intracranial (5.71 [4.02-8.09]), pulmonary (2.02 [1.54-2.67]), and gastrointestinal (1.54
[1.2-1.98]) hemorrhage, all p< 0.01. Risk factors for bleeding included acute kidney injury and
pre-ECMO vasopressor support and for thrombosis were higher weight, multisite cannulation,
pre-ECMO arrest, and higher PaCO, at ECMO initiation. Longer time on ECMO, younger age,
higher pH, and earlier year of support were associated with bleeding and thrombosis.

Conclusions: Although decreasing over time, BTEs remain common during VV-ECMO and
have a strong, cumulative association with in-hospital mortality. Thrombotic events are more
frequent, but bleeding carries a higher risk of inpatient mortality. Differential risk factors for
bleeding and thrombotic complications exist, raising the possibility of a tailored approach to
VV-ECMO management.
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Introduction

Venovenous extracorporeal membrane oxygenation (VV-ECMO) is increasingly used for
refractory respiratory failure [1], and recent evidence supports benefit in patients who

fail conventional treatment [2-5]. However, despite important advances in technology,
survival with VV-ECMO remains approximately 60%, likely related to both the severe

lung injury necessitating VV-ECMO support as well as ECMO-related complications [1,
6-10]. Bleeding and thrombotic events (BTEs) during VV-ECMO are common, morbid,
and potentially lethal [3, 9, 11-14]. The interface between blood and non-biological ECMO
circuit elements often leads to activation of coagulation pathways resulting in consumption
of both prothrombotic and anti-thrombotic factors, predisposing patients to an increased risk
of thrombosis and bleeding [15]. Bleeding events during VV-ECMO, such as intracranial
hemorrhage, gastrointestinal hemorrhage, and cannulation site bleeding, are relatively
common, with reported rates ranging from 30 to 60% [6, 9, 12, 16-19]. Thrombotic events
include circuit thrombosis, oxygenator failure, hemolysis, venous thromboembolism, and
ischemic stroke [1, 6, 13, 19-21]. While intracranial hemorrhage has been consistently
associated with poor survival [22, 23], the relationship between other BTEs and mortality
with VV-ECMO is not well characterized [8, 12].

We recently described the spectrum and impact of BTEs in adult patients supported with
VA-ECMO [24]. The existing data regarding BTEs in VV-ECMO are limited by small
sample size, single-center setting, or were restricted to the pediatric population [25]. There
is little information regarding trends in BTE rates during the modern era of ECMO. We
conducted a retrospective analysis of BTEs in adults on VV-ECMO from the Extracorporeal
Life Support Organization (ELSO) registry to describe their prevalence and temporal
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trends, identify risk factors for development, and determine their association with inpatient
mortality.

Materials and methods

Data source

The international ELSO registry includes data voluntarily reported from over 400 centers
[1] including patient clinical characteristics, circuit components, cannulation configurations,
and clinical outcomes. Clinical diagnoses and co-morbidities are reported with International
Classification of Diseases, 9th and 10th Revision, Clinical Modification (ICD-9/10-CM)
codes. Studies utilizing the ELSO database are exempt from local Institutional Review
Board approval as the data are de-identified.

Study population

We included adults (= 18 years old) receiving VV-ECMO support from 1/1/2010 through
12/31/2017. We excluded patients with a pre-cannulation diagnosis of coagulopathy

or disseminated intravascular coagulation, gastrointestinal or airway bleeding, or stroke
(Supplemental Table 1), multiple VV-ECMO runs, and those with missing data for core
variables of interest including age, sex, weight, race, cannulation site, and duration and year
of ECMO.

Covariates, study groups, and outcomes

Available variables considered in the analysis included baseline demographics, cannulation
site strategy, duration of VV-ECMO, year of support, primary indication for ECMO, acute
kidney injury (AKI), co-morbid chronic lung disease, pre-ECMO cardiac arrest, vasopressor
support prior to ECMO, oxygenator type, gas exchange parameters (pH, PaO, and PaCO5),
and basic ventilator parameters. AKI was defined as the presence of an ICD 9/10 code for
acute kidney injury and/or renal replacement therapy within 24 h prior to ECMO initiation.
Single-site cannulation was defined as use of a dual-lumen cannula via the right or left
internal jugular vein. Primary indications for VV-ECMO were categorized as follows: non-
viral pneumonia, viral pneumonia, trauma/burns, aspiration/chemical pneumonitis, asthma,
pulmonary hypertension, lung transplant complications, and unspecified acute respiratory
distress syndrome (ARDS)/acute respiratory failure (ARF). (Supplemental Table 2). BTEs
were classified as surgical bleeding (cardiac tamponade, cannulation, and surgical site
bleeding), medical bleeding (pulmonary, gastrointestinal, or intracranial hemorrhage), and
thrombotic events including ECMO circuit thrombosis (circuit clotting or oxygenator/pump
failure), hemolysis, and ischemic stroke (Supplemental Table 3). Patients were further
categorized into the following four subgroups: those without BTE, bleeding only, thrombosis
only, and both bleeding and thrombosis. The primary outcome was the association of BTES
with in-hospital mortality. Secondary outcomes included the prevalence and risk factors for
BTEs.

Statistical analysis

Categorical variables are presented as counts and percentages and continuous variables
as means and standard deviations (SD) or medians and interquartile ranges (IQR), as
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appropriate. The prevalence of BTEs over time was plotted per 1000 h of ECMO support,
and significance was tested using the Mantel-Haenszel trend test. Differences across
subgroups were tested by one-way ANOVA or chi-square test as appropriate. Multivariable
logistic regression modeling was used to assess the association between the BTES and
in-hospital mortality. Multivariable logistic regression was used to identify risk factors for
the following: (1) any bleeding, (2) any thrombosis, (3) medical bleeding, and (4) ECMO
circuit thrombosis. Models were adjusted for ECMO duration and the following pre-ECMO
characteristics: age, sex, white race, weight, year of support, single-site cannulation, chronic
lung disease, AKI, primary diagnoses for VV-ECMO, vasopressor use, cardiac arrest, pH,
PaCO,, and the ratio of PaO, to FiO, (P/F). To assess for any selection bias resulting from
exclusion of patients with missing data on core variables, we compared the clinical features
of the total cohort and analytic cohort. Given the moderate rate of missing data for gas
exchange parameters, we performed sensitivity analyses excluding these covariates from all
models.

Based on previous studies linking changes in gas exchange parameters with neurologic
events during VV-ECMO [22, 26], we examined the relationship between the 24-h change
in Pa0, (APaO, = 24-h PaO, — baseline PaO,) and PaCO, (APaCO, = 24-h PaCO, —
baseline PaCO5) with ischemic stroke and intracranial hemorrhage (ICH). To avoid inclusion
of extreme, nonsensical values for these parameters, outliers = 99% percentile, and < 1%
percentile were excluded. Spline curves were generated to examine the relationship between
APaO, and APaCO, with the odds of ischemic stroke and ICH (Supplemental Fig. 3).

Based on the observed non-linear relationships seen with APaO», it was included in the
multivariable models as a two-level continuous variable with a cutoff point at 80 mmHg.
Baseline pH was removed from these models due to significant collinearity with APaCOs.
The association between the primary diagnosis for VVV-ECMO and the occurrence of any
BTE was analyzed with multivariable logistic regression adjusted for the same covariates.
A two-sided p value < 0.05 was considered significant. All analyses were performed using
SAS version 9.4 (Cary, NC).

Pre-ECMO characteristics

Among 11,880 adults treated with VV-ECMO between 2010 and 2017, 7579 met study
criteria (Fig. 1). Patients were predominantly males (60.4%) and of white race (61.6%).
Mean age was 46.5 (+ 15.4) years and weight was 87.5 (£ 28.3) kg. The most common
indications for VVV-ECMO were non-viral pneumonia (26.9%), viral pneumonia (20.6%),
and unspecified ARDS/ARF (18.3%). Prior to ECMO support, 15.7% patients had AKI,
57.2% required vasopressors and 7.2% suffered a cardiac arrest. At ECMO initiation, mean
P/F ratio was 75.7 (z 74.3), mean PaCO, was 60.2 (+ 32) mmHg, and mean pH was 7.23 (+
0.15). A single-site cannulation strategy was used in 36.7% of patients. The median duration
of VVV-ECMO support was 8 (5, 15) days (Table 1). The characteristics of the total cohort
were very similar to the analytic cohort (Supplemental Table 4).
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Prevalence and trends of BTEs

Of 3044 (40.2%) patients who experienced at least one BTE, 41.7% experienced only
thrombotic events, 37% had only bleeding events, and 21.2% experienced both. Among
4840 total BTEs, 54.9% were thrombotic events (Fig. 2). The most common thrombotic
events were circuit clotting (31.8%) and oxygenator/pump failure (12.7%). The most
common bleeding events were cannulation (15.5%) and surgical site (9.6%) bleeding.
Medical bleeding comprised 18.7% of BTEs (906/4840). Strokes accounted for 6.4% of
events, with intracranial hemorrhage more prevalent than ischemic stroke (4.5% vs 1.9%,
respectively). Over the study period, the rates of any bleeding, any thrombosis, and ECMO
circuit thrombosis decreased significantly, while medical bleeding decreased more modestly.
Rates of both ischemic stroke and intracranial hemorrhage remained relatively stable during
the study period (Supplemental Fig. 1).

BTEs and mortality

In-hospital mortality occurred in 2648 (34.9%) patients. Patients experiencing BTEs had
higher mortality compared to those without BTEs as follows: no BTEs 30.6%, thrombosis
only 36.1%, bleeding only 46.1%, and both complications 43.7% (p < 0.001). A cumulative
increase in mortality was observed in patients experiencing none (1387, 30.6%), 1 (761,
40.5%), 2 (312, 40.7%), and = 3 (188, 47.5%) BTEs (p < 0.001), an effect that persisted
after multivariable modeling: 1 BTE: aOR [95% CI] 1.66 [1.45-1.90]; 2 BTEs 1.68 [1.38—
2.05]; = 3 BTEs: 2.16 [1.65-2.83], p < 0.001 for all.

The occurrence of any bleeding event was associated with higher mortality than any
thrombotic event (Fig. 3). Medical bleeding events were associated with high mortality,
whereas none of the surgical bleeding events was significantly associated with mortality.
Among thrombotic events, mortality risk was markedly increased with ischemic stroke and
modestly increased with oxygenator/pump failure and hemolysis. Circuit clotting was not
significantly associated with mortality. The mortality rate associated with each type of
BTE were as follows: ischemic stroke 73.9%, intracranial hemorrhage 73.2%, pulmonary
bleeding 53.6%, gastrointestinal bleeding 48.6%, tamponade 46.6%, oxygenator/pump
failure 45.7%, hemolysis 42.2%, surgical site bleeding 39.6%, cannula site bleeding 39.3%,
and circuit clotting 34.7%.

Predictors of BTEs

Risk factors for any bleeding and medical bleeding are summarized in Fig. 4. Pre-ECMO
AKI, vasopressor use, and longer ECMO duration were significantly associated with higher
odds of any bleeding and medical bleeding. Later year of ECMO support was associated
with a lower risk any bleeding and retained a similar relationship but nominally lost
statistical significance for medical bleeding. Older age and lower pH were associated with
lower risk of any bleeding but showed no relationship with medical bleeding. There was

a weak but significant relationship between higher baseline P/F ratio and lower odds of
medical bleeding.

Risk factors associated with any thrombosis and ECMO circuit thrombosis are summarized
in Supplemental Fig. 2. Higher weight, longer ECMO duration, and higher pre-ECMO
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PaCO, and pH were all associated with a significantly higher risk of any thrombosis and
ECMO circuit thrombosis. Older age, single site cannulation, and later year of ECMO
support were all associated with a lower risk of any thrombosis and ECMO circuit
thrombosis. Female sex was associated with a modest but significantly lower risk of ECMO
circuit thrombosis. Pre-ECMO arrest was a significant risk factor for any thrombosis but not
ECMO circuit thrombosis. Sensitivity analyses removing gas exchange parameters from the
models did not produce any dramatic changes in these relationships (Supplemental Tables

5 and 6). Notably, AKI became significantly associated with a lower risk of ECMO circuit
thrombosis (0.82 [0.69-0.99], p= 0.034).

Risk factors for ischemic stroke included lower P/F ratio prior to ECMO initiation and a
APaO, > 80 mmHg (Fig. 5). For every 10 mmHg increase in APaO, above 80 mmHg,

there was a 15% increased odds of ischemic stroke. Notably, pre-ECMO cardiac arrest had
a strong but non-significant association with ischemic stroke, with adj-OR approaching 2.0
for patients with cardiac arrest prior to ECMO. Patients with single-site cannulation had a
substantially lower adj-OR of ischemic stroke, but the association did not retain statistical
significance in the multivariable model. Risk factors for ICH included non-white race, the
need for vasopressors prior to ECMO initiation, and a APaO, < 80 mmHg. There was no
significant association with APaCO, and ischemic stroke or intracranial hemorrhage (Fig. 5;
Supplemental Fig. 3).

The proportion of patients with BTEs varied across the major primary diagnoses for V-
ECMO: highest among patients with viral pneumonia and trauma, and lowest in patients
cannulated for asthma (Supplemental Fig. 4, panel A). After multivariable modeling, only
lung transplant complications and trauma/burns were significantly associated with any BTEs
(Supplemental Fig. 4, panel B). The rates of specific BTEs varied modestly across the
primary diagnosis groups (Supplemental Table 7).

Discussion

This is the largest, multi-center study of BTEs among adults supported with VV-ECMO. The
major findings of our study are the following:

1. The prevalence of BTEs is decreasing over time but they remain common
complications of VV-ECMO, occurring in ~ 40% of patients.

2. Thrombotic events are more common than bleeding events.

3. On balance, the mortality associated with bleeding events exceeded that of
thrombotic events, with the caveat that venous thromboembolism is not reported
in the registry.

4. There is a spectrum of severity for BTEs with respect to in-hospital mortality,
with medical bleeding events and ischemic stroke associated with the worst
outcomes.

5. There are differential risk factors for BTEs.

Intensive Care Med. Author manuscript; available in PMC 2022 June 09.
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Thrombotic events predominated in this VV-ECMO cohort, which contrasts with the
spectrum of BTEs observed in VA-ECMO patients where bleeding events were more
common [24]. This difference could be related to a variety of factors including longer
ECMO runs, lack of arterial cannulation, infrequent need for invasive surgical procedures,
and a general tendency toward less aggressive anticoagulation with VV- versus VA-ECMO.
The prevalence of both bleeding and thrombotic events steadily decreased over time, which
could be explained by several factors. The now widely used hollow-fiber polymethylpentene
oxygenators reduce erythrocyte consumption and better preserve coagulation factors and
platelets [27—-29]. Novel biopassive surfaces have improved hemocompatibility of the
extracorporeal circuit [30], and improved pump and cannula designs have led to more
favorable laminar blood flow [31]. There is more training and utilization of percutaneous
cannulation [32, 33]. Finally, there has been a general trend towards less aggressive
anticoagulation strategies, with some centers deferring systemic anticoagulation altogether
in VV-ECMO [34-36]. Medical bleeding events decreased more gradually over time,
suggesting that the measures above may not be sufficient to mitigate these complications.

We identified a wide range of severity across the different BTEs regarding their association
with mortality. Consistent with prior studies, bleeding events were more strongly associated
with mortality than thrombotic events, particularly driven by medical bleeding [9, 12, 16,
25]. Surgical bleeding did not confer a substantial impact on mortality, perhaps because
these events are more amenable to correction and less likely to provoke organ damage

than hemorrhage in the brain, lungs or gastrointestinal tract. As expected, ischemic stroke
and intracranial hemorrhage were strongly associated with increased mortality. Given that
ischemic stroke is rare and may not be directly related to the ECMO circuit, and the other
“thrombotic complications” of VV-ECMO are not as strongly associated with increased
mortality, the high mortality associated with medical bleeding supports studies aimed at
mitigating bleeding complications such as using less intensive anticoagulation strategies
[37, 38]. However, we acknowledge that the majority of thrombotic events captured in our
study represent ECMO circuit thrombosis, and we lack data on some important thrombotic
events, particularly venous thromboembolism, highlighting the need for additional studies
examining the full spectrum of clinical thrombotic events on VV-ECMO outcomes.

Several risk factors for BTESs were identified, including ECMO duration, age, weight, initial
pH, PaCO,, AKI, vasopressor use, and single-site cannulation. Prolonged time on ECMO
was associated with increased risk for both bleeding and thrombosis. Protracted exposure of
blood to the extracorporeal circuit can result in progressive derangements in clotting factors
and coagulation, predisposing patients to both bleeding and clotting [15, 24]. While patients
with more profound lung injury often require longer VV-ECMO runs and illness severity
could increase BTE risk, this finding highlights the paramount importance of minimizing
ECMO duration and frequently reassessing patients’ readiness for decannulation.

AKI and vasopressor use prior to ECMO were strong risk factors for overall bleeding and
medical bleeding events, and these factors had no association with thrombotic events. Prior
studies have identified renal dysfunction as a risk factor for gastrointestinal bleeding in
critically ill patients [39, 40] and for intracranial hemorrhage in patients on VV-ECMO
[41]. The enhanced bleeding propensity could be related to platelet dysfunction known to

Intensive Care Med. Author manuscript; available in PMC 2022 June 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nunez et al.

Page 8

occur with renal failure [42]. Hypotension is a risk factor for gastrointestinal bleeding [40]
and, combined with vasopressor use, could provoke microcirculatory dysfunction leading

to tissue friability and tendency to bleed once ECMO and subsequent anticoagulation are
initiated. In our cohort, AKI was present in 15% and vasopressor use in over 50% of patients
at ECMO initiation, and these clinical features with significant differential impact on BTES
could be weighed by clinicians when considering the anticoagulation strategy.

Older age was associated with lower risk of both bleeding and thrombosis, although the
association with thrombotic risk was more robust and there was no relationship with medical
bleeding. The inverse association between age and BTE risk may be partially explained

by signals of higher illness acuity and longer ECMO duration in the younger patients. In
younger patients with greater physiologic reserve, clinicians are more likely to consider
ECMO and offer extended runs to await either lung recovery or transplantation. While
inclusion of ECMO duration did not substantially alter the association of age with bleeding
or thrombotic events, residual confounding could explain some of the effect of age on BTE
risk.

Higher weight was associated with a greater risk of thrombotic events, including ECMO
circuit thrombosis. That parallels the finding of higher body mass index as a risk factor

for pump thrombosis in patients with durable left ventricular assist devices [43, 44]. This
association between weight and thrombosis has been described in other clinical contexts and
may be driven by chronic inflammation and impaired fibrinolysis [45, 46].

Higher pH at ECMO initiation was associated with increased risk of both bleeding and
thrombosis, but not medical bleeding. There is evidence that acidosis impairs coagulation
[47, 48], and pH closer to the normal range at ECMO initiation may enhance clot formation
when blood is exposed to an extracorporeal circuit.

We found that lower P/F ratio prior to ECMO and large increases in oxygen tension at 24

h after VV-ECMO initiation were associated with increased risk of ischemic stroke. There
was a progressive increase in the risk of ischemic stroke for values of APaO, above ~ 80
mmHg. These findings suggest that hyperoxemia, particularly following a period of severe
hypoxemia, may play a substantial role in ischemic stroke. The mechanism underlying

this association requires further study but could be explained by hyperoxemia-associated
vasoconstriction or direct free radical-mediated toxicity [49, 50]. Conversely, persistent
hypoxemia with minimal or no improvement in PaO, after 24 h of ECMO was associated
with an increased risk of intracranial hemorrhage. Collectively, these results suggest a
U-shaped relationship with respect to APaO, and acute brain injury and that there may be
an optimal range for correction of PaO, within the first 24 h of VVV-ECMO support, ranging
from 20 to 80 mmHg increase in PaO, from the pre-ECMO baseline. These findings require
validation in prospective studies before recommending changes to clinical practice.

We did not find a strong correlation with 24-h APaCO, and either ischemic stroke or
ICH. In a recent ELSO registry analysis, Cavayas et al. demonstrated that large relative
reductions in PaCO» at 24 h after ECMO support were independently associated with a
composite of adverse neurological events. Notably, this study included respiratory failure
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patients managed with VA-ECMO and hybrid ECMO configurations. Brain death and
non-specific “neurological complications” drove the relationship with relative APaCO,, and
among patients with large versus smaller relative APaCO», the rates of ischemic stroke were
similar and there was only a modestly higher rate of ICH. In a large single-center analysis,
Luyt et al. found that large reductions in PaCO, (APaCO, > — 27 mmHg) were associated
with increased risk of ICH, but notably they examined very early correction in PaCO, at 2 h
after VV-ECMO initiation. The harm from excessive PaCO» reduction may occur with very
early, rapid corrections of hypercarbia, and PaCO5 assessments in the first few hours after
ECMO may be more relevant to the risk of ICH than 24-h values. The results from these
prior studies as well as our current analysis suggest that clinicians should avoid excessive
correction of both PaO, and PaCO, early after initiating VV-ECMO to minimize the risk of
adverse neurologic events.

Unexpectedly, single-site cannulation was associated with a lower risk of thrombotic
complications, including ECMO circuit thrombosis. A single cannula could have allowed
for better patient mobilization or may have been chosen preferentially for patients likely to
mobilize early, leading to a reduced risk of thrombosis. Compared to typical femoro-jugular
cannulations, dual-lumen single-site cannulas avoid the femoral veins and require less total
cannula length in the venous system, potentially reducing the risk of circuit clotting. Future
studies should explore the association of cannulation strategy and BTEs.

The primary diagnosis leading to VV-ECMO could influence the risk of BTEs. We found
that patients cannulated for lung transplant complications or trauma/burns had significantly
higher odds of BTEs. The clinical context surrounding VV-ECMO initiation may influence
the risk of BTEs, and additional studies are needed to examine the risk of specific BTEs
among key patient subgroups receiving VV-ECMO.

The large size and multi-center, international nature of this cohort support the
generalizability of our results and aided in the precise characterization of key risk factors for
BTEs. By highlighting the relationships between clinical and circuit parameters with BTEs,
we believe this analysis paves the way for future studies aimed at a precision medicine
approach with algorithms for anticoagulation in VV-ECMO which incorporate estimations
of patient-specific risk. However, our findings should be considered hypothesis-generating,
and prospective clinical trials are required before making meaningful changes to clinical
practice.

Our study has a number of limitations. We excluded patients with missing data on core
variables, which could have introduced bias. However, total cohort analyses with multiple
imputation for missing data produced similar findings to the analytic cohort. We adjusted
models for key available covariates, but residual unmeasured confounders could have
affected our results. ELSO does not collect data on certain important BTEs including upper
respiratory bleeding, deep vein thrombaosis, or pulmonary embolism, and the impact of these
events on mortality remains uncertain [51, 52]. Given that venous thromboembolism is not
collected in the registry, the influence of thrombotic complications is likely underestimated
in our study. Crucial details of the anticoagulation strategy and laboratory coagulation
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parameters are not available, preventing an assessment of how anticoagulation interacts
with clinical factors to influence BTE risk. The ELSO registry does not require secondary
diagnoses prior to ECMO support, so co-morbidities and concomitant organ failures are
likely underreported. Some parameters of illness severity required to calculate critical care
risk scores were not available. Only in-hospital outcomes are available, so we could not
assess the impact of BTEs on long-term outcomes. Data on the exact timing of BTES during
VV-ECMO was unavailable, precluding an assessment of time-varying hazard. The duration
of ECMO support is a strong risk factor for BTESs and thus we included it as a covariate

in all models. While none of the covariates were strongly associated with ECMO duration,
we cannot exclude residual confounding from ECMO duration on BTE risk. Finally, this
analysis used multivariate regression models on observational data, and causality cannot be
inferred.

Conclusion

Despite advances in ECMO technology and management, BTES remain common during
VV-ECMO and have a cumulative association with in-hospital mortality. Bleeding events
are less common than thrombotic events but convey a substantially higher risk of death.

Our results demonstrate a spectrum of impact for specific BTEs on mortality, with ischemic
stroke and medical bleeding events carrying the strongest association with poor outcomes.
We identified several clinical and circuit factors that modulate the risk of BTESs during
VV-ECMO, and we believe these findings can contribute to future studies examining a more
tailored approach to VV-ECMO management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-home message

Bleeding and thrombotic events (BTEs) are common during VV-ECMO, with thrombotic
events more prevalent than bleeding. Bleeding events confer a higher risk of

mortality, with medical bleeding and ischemic stroke carrying the strongest associations.
Differential risk factors exist for bleeding and thrombotic events. Identification of groups
at highest risk for bleeding and thrombosis may pave the way for a more tailored
approach to anticoagulation in patients undergoing VV-ECMO.
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Total VV-ECMO Patients Exclusions:
n = 11880 Prior ischemic stroke: 54
Prior Intracranial hemorrhage: 149
Prior pulmonary hemorrhage: 175
Prior gastrointestinal bleeding: 144
Coagulopathy DIC: 431
Multiple runs: 460
Unconvntional cannulations: 208
A
Study population
n = 9581 Excluded missing: (n=2002)
* Race
* Sex
* Weight
« Cannulation Site
N * Time on VV-ECMO
* Age
Primary Analysis Population « Year of Support
n =7579
I
¥ ¥ ¥ 2
No BTE Bleeding only Thrombosis only Both bleeding and thrombosis
n = 4535 n=1127 n=1270 n =647
Fig. 1.

Flow diagram of patient selection for the primary analysis. Flow chart depicting inclusion
and exclusion criteria. VV, venovenous; ECMO, extracorporeal life support
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Total Events= 4840

[ Bleeding
3 Thrombosis

Type of BTE

Bleeding
;

Tamponade

Intracranial Hemorrhage
Pulmonary Bleeding
Gastrointestinal Bleeding
Surgical Site Bleeding
|Cannulation Site Bleeding
Ischemic Stroke
Hemolysis

Oxy/Pump Failure

Thrombosis
I

Circuit Clotting

Percentage of Total Events

Fig. 2.

Frequency of bleeding and thrombotic events during VV-ECMO. A Proportion of BTES
comprised of bleeding or thrombotic events. B Frequency of specific types of BTEs. BTEs,
bleeding and thrombotic events; Oxy/pump failure, oxygenator/pump failure
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p-value

Association of bleeding and thrombotic events during VV-ECMO with in-hospital mortality.
Association of BTEs with in-hospital mortality during VV-ECMO. AdjOR, adjusted odds

ratio; Cl, confidence interval
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Clinical and circuit characteristics associated with bleeding events. Factors associated with
any bleeding events and medical bleeding (including intracranial hemorrhage, pulmonary
and gastrointestinal bleeding). AdjOR, adjusted odds ratio; CI, confidence interval; ECMO,
extracorporeal membrane oxygenation; PaCO,, arterial partial pressure of carbon dioxide;
P/F, PaO,/FiO, ratio. The unit of observation for all models is the patient. *p < 0.05; **p <
0.01; ***p < 0.001
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Fig. 5.

Clinical and circuit characteristics associated with ischemic stroke and intracranial
hemorrhage. Factors associated with ischemic stroke and intracranial hemorrhage. AdjOR,
adjusted odds ratio; ClI, confidence interval; ECMO, extracorporeal membrane oxygenation;
PaCO,, arterial partial pressure of carbon dioxide; PaO,, arterial partial pressure of oxygen,
P/F, PaO,/FiO, ratio. The unit of observation for all models is the patient. *p < 0.05; **p <
0.01; ***p < 0.001.
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