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Abstract

Background: Evidence-based recommendations for transfusion in patients

with venoarterial extracorporeal membrane oxygenation (VA ECMO) are

scarce. The current literature is limited to single-center studies with small sam-

ple sizes, therefore complicating generalizability. This study aims to create an

overview of red blood cell (RBC) transfusion in VA ECMO patients.

Methods: This international mixed-method study combined a survey with a

retrospective observational study in 16 centers. The survey inventoried local

transfusion guidelines. Additionally, retrospective data of all adult patients

with a VA ECMO run >24 h (January 2018 until July 2019) was collected of

patient, ECMO, outcome, and daily transfusion parameters. All patients that

received VA ECMO for primary cardiac support were included, including

Abbreviations: AKI, acute kidney injury; BMI, body mass index; ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal
cardiopulmonary resuscitation; ELSO, Extracorporeal Life Support Organization; GLMM, generalized linear mixed model; Hb, hemoglobin; ICU,
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surgical (i.e., post-cardiotomy) and non-surgical (i.e., myocardial infarction)

indications. The primary outcome was the number of RBC transfusions per

day and in total. Univariable logistic regressions and a generalized linear

mixed model (GLMM) were performed to assess factors associated with RBC

transfusion.

Results: Out of 419 patients, 374 (89%) received one or more RBC transfu-

sions. During a median ECMO run of 5 days (1st–3rd quartile 3–8), patients
received a median total of eight RBC units (1st–3rd quartile 3–17). A lower

hemoglobin (Hb) prior to ECMO, longer ECMO-run duration, and hemor-

rhage were associated with RBC transfusion. After correcting for duration and

hemorrhage using a GLMM, a different transfusion trend was found among

the regimens. No unadjusted differences were found in overall survival

between either transfusion status or the different regimens, which remained

after adjustment for potential confounders.

Conclusion: RBC transfusion in patients on VA ECMO is very common. The

sum of RBC transfusions increases rapidly after ECMO initiation, and is depen-

dent on the Hb threshold applied. This study supports the rationale for prospec-

tive studies focusing on indications and thresholds for RBC transfusion.
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1 | BACKGROUND

Venoarterial extracorporeal membrane oxygenation (VA
ECMO) is a lifesaving supporting therapy, indicated in
potentially reversible cardiac and circulatory failure,
refractory to other conventional therapies. Indications
range from cardiogenic shock to the increasing imple-
mentation as extracorporeal cardiopulmonary resuscita-
tion (ECPR) in refractory cardiac arrest.1–3 Mortality in
VA ECMO is still alarmingly high, varying from 71% in
ECPR to 56% in cardiac indications.4 The high mortality
rate can partially be explained by the complexity of the
underlying illness, but also by various complications that
can occur during ECMO.

A common complication is anemia, resulting from a
multifactorial etiology, such as underlying comorbidities,
ECMO-induced hemolysis or hemorrhage, that is, due to
cannulation (site) related oozing, and maintained by the
use of anticoagulant therapy.5 Although the Extracorpo-
real Life Support Organization (ELSO) has updated their
guidelines in the past decade from an advised minimal
hematocrit of 40% to a hemoglobin (Hb) level of 70–90 g/L,
scientific ground for these statements is missing.1,6 Multiple
international surveys have shown that current Hb
thresholds used in VA ECMO differ highly worldwide,
often consisting of liberal thresholds for red blood cell
(RBC) transfusion.7–9 This might explain the large

proportion of patients receiving RBC transfusion dur-
ing VA ECMO, ranging from 82%–100% in previous
studies.10–12 Generalizability of these studies is, how-
ever, limited due to single-center designs and small
sample sizes.

RBC transfusion can be lifesaving, however, different
downsides also should be taken into account. This
includes side effects such as transfusion-related immuno-
modulation, transfusion-associated circulatory overload
(TACO), transfusion-related acute lung injury (TRALI),
high costs, and increasing scarcity of donors.13–16 Also, in
comparable patient populations not supported with
ECMO, restrictive thresholds for RBC transfusion were
found to be safe, and resulted in shifting rationale in the
intensive care unit (ICU).17,18 Finally, two recent obser-
vational venovenous (VV) ECMO cohorts have shown
promising results regarding the use of a more restrictive
threshold.19,20 Thus, generating insight into the current
global RBC transfusion practices in patients receiving VA
ECMO is important.

Therefore, the aim of this study was twofold: (1) to
describe transfusion amounts in patients receiving VA
ECMO, and (2) to identify factors associated with RBC
transfusion. We hypothesize that RBC transfusion in VA
ECMO is common, with hemorrhage and a liberal
threshold as the most important factors contributing to
transfusion.

2 RAASVELD ET AL.
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2 | STUDY DESIGN AND METHODS

2.1 | Study population

This international study used a mixed methods design,
combining a retrospective observational cohort and a sur-
vey. It was conducted in 16 ICUs worldwide: one Austra-
lian, three Belgian, one Croatian, one Italian, nine Dutch,
and one Swedish. The study was approved by the Institu-
tional Review Board of the Amsterdam University Medical
Centers, location Academic Medical Center (Amsterdam
UMC, AMC: W19_222#19.267), and, thereafter, by local ethi-
cal committees. This retrospective chart review study involv-
ing human participants was in accordance with the ethical
standards of the institutional and national research commit-
tee, as well as with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study was
registered at the Netherlands Trial Registry on February
2, 2020 (NL8413). Patients were enrolled if: (i) they were aged
≥18 years, (ii) were admitted to one of the participating ICUs,
and (iii) received VA ECMO between January 1, 2018 and
July 1, 2019. Patients were excluded if the total time on
ECMO was less than 24 h or in case of triple cannulation
modes. All patients that received VA-ECMO were included,
including both surgical (i.e., post-cardiotomy) and non-surgical
(i.e., myocardial infraction) indications for VA ECMO.

2.2 | Data collection

Baseline and ECMO characteristics were collected,
including patient demographics, medical history, and
ECMO mode and indication. Daily laboratory and trans-
fusion parameters were collected over the first 28 days of
ECMO or until ECMO was fully weaned, whatever came
first. Complications during ECMO included hemorrhage,
thromboembolic events (arterial, venous, or mechanical),
acute kidney injury (AKI), and the use of renal replacement
therapy (RRT). Successful weaning was defined as alive
48 h after decannulation of ECMO; 28-day mortality as sur-
vival status at 28 days after ECMO initiation. The definition
for hemorrhage was in line with the definition as stated by
the ELSO Registry, and consisted of “a bleeding that led to
either surgical exploration or intervention by an interven-
tional radiologist, or the direct requirement of transfusion of
>3 units of RBC or whole blood per day”.21 All other defini-
tions can be found in Additional File 1.

2.3 | Survey

Additionally, a survey was developed by SJR and evalu-
ated by AV and MK (Additional File 2). This survey

focused on providing insight into the local Hb threshold
for RBC transfusion, laboratory units, and anticoagula-
tion strategies for patients receiving VA ECMO. Based on
the results of this survey, the transfusion thresholds for
RBC transfusion were divided into three regimens: restric-
tive (Hb <7.5 g/dL), intermediate (Hb 7.5–9.0 g/dL), and
liberal (Hb >9.0 g/dL).

2.4 | Outcomes

The main outcomes were the occurrence rate of RBC
transfusion, number of RBC transfused daily and in total
during ECMO. Secondary outcomes included the factors
associated with RBC transfusion, Hb course, transfusion
regimen, differences in transfusion count among the regi-
mens, protocol adherence, influence of the regimen on
transfusion count over time, and patient outcomes (com-
plications and mortality). To evaluate protocol adher-
ence, the difference between lowest (nadir) Hb level on
transfusion day and predefined Hb threshold was calcu-
lated: “delta Hb.” Thus, a negative delta Hb implicated
that transfusion was given on days where nadir Hb was
below the protocol's transfusion threshold (and thus
adherence), whereas a positive delta Hb reflected that
nadir Hb was higher than the transfusion threshold.

2.5 | Statistical analysis

All statistical analyses were performed with R version
4.0.3.22 Continuous variables were assessed for normality
using Q-Q-plots and reported as mean (± standard devia-
tion [SD]) or median (1st–3rd quartile). Categorical data
was presented as frequency (percentage). Missing data
was evaluated by using the naniar and visdat packages
for count, correlation, and missingness mechanism.
Hereafter, all variables with >50% missing data were
excluded (Additional File 3A).

Few factors have been identified in literature as being
associated with RBC transfusion in VA ECMO. There-
fore, variables of interest were predefined by the main
study team, based on clinical expertise (Additional File
3B). To estimate their strength of association with overall
transfusion status, complete-case univariable logistic
regressions were performed. A multivariable regression
was considered beyond the scope of this study.

Variables that were statistically significantly associ-
ated with odds of transfusion were used in an exploratory
GLMM to estimate the course of daily transfusion count.
For the GLMM, missing data was handled using a maxi-
mum likelihood estimation. First, distribution of RBC
transfusion count was visually inspected and tested using

RAASVELD ET AL. 3
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the Kolmogorov–Smirnov test. Since count data was
expected to follow either a Poisson or negative-binominal
distribution, two GLMM base models were constructed
accordingly. Best model fit was selected based on Akaike
Information Criterion (AIC) and residual diagnostics
using the DHARMa package. Next, the selected base
model was tested and corrected for zero-inflation (the
number of zeros observed compared with the number of
zeros expected). Regimen, duration, the interaction
between regimen and duration, and hemorrhage were
selected to be added to the best performing base-model. To
avoid over-adjustment bias, variables that were expected
to share a significant amount of variance were not
included in this model: as such hemorrhage was preferred
over cannulation site (central vs. peripheral) and type (sur-
gical vs. percutaneous).

Finally, subgroup analyses were performed comparing
the main and secondary outcomes between (1) different
RBC transfusion regimens and (2) ECPR versus non-
ECPR. To do so, either Mann–Whitney U, Kruskal–Wallis,
or Chi-Square tests were used as appropriate. In case of
comparing >2 groups, this was followed by a post-hoc
Dunn test and Benjamin-Hoch p-value adjustment. All
reported tests were two-sided; a p < .05 was considered
statistically significant. Next to the described adjustments,
no further adjustments have been made to reduce the
potential for type I error due to multiplicity. Therefore, all
findings with regard to secondary outcomes should be con-
sidered exploratory and hypothesis-generating.

3 | RESULTS

Between January 1, 2018 and July 1, 2019, 433 patients
were entered into the database, of which 14 were
excluded for further analysis: 11 patients received triple
cannulation modes, and three patients had a run of less
than 24 h (Additional File 4). This resulted in 419 VA
ECMO patients, of which 107 were ECPR (26%). The
majority had a peripheral cannulation site (N = 356,
85%), of whom 48% (N = 165/346) were cannulated using
a surgical method, which was the method of choice in all
centrally cannulated patients (N = 60). Median ECMO
duration was 5 days (1st–3rd quartile 3–8 days), where-
after 38 patients required a second run (9%). Further
patient demographics are described in Table 1.

3.1 | RBC transfusion

As shown in Table 2, almost nine out of 10 patients
received one or more RBC transfusions during VA ECMO
(N = 374, 89%). On days when an RBC transfusion was

administered, patients received a median of 2.5 units
(1st–3rd quartile 1.75–4 units). Transfusion was adminis-
tered on a median of 3 out of 5 days of their ECMO run
(1st–3rd quartile 1–5 days transfused out of 3–8 days
ECMO-run duration). This summed up to a median total
number of eight RBC units administered (1st–3rd quartile
3–17 units).

Univariable logistic regression showed that a lower
Hb prior to ECMO initiation, longer ECMO duration,
and hemorrhage were associated with receiving one or
more RBC transfusions during ECMO (Table 3). Also,
compared to myocardial infarction, the odds of being
transfused were lower if the indication for VA ECMO was
either intoxication or persistent VT/VF. The most evident
contributing factor to receive an RBC transfusion was
hemorrhage, in which the odds for RBC transfusion were
9.40 times higher (95% confidence interval [95%CI] 3.97–
27.70) in bleeding vs. non-bleeding patients. All other
nonsignificant variables can be found in Additional
File 3C.

3.2 | Hemoglobin course

Median daily Hb during ECMO was 8.7 g/dL (1st–3rd

quartile 7.8–9.6 g/dL); daily Hb was significantly lower
on days with RBC transfusion compared to days without
(8.2 g/dL [1st–3rd quartile 7.5–9.2 g/dL] vs. 9.2 g/dL [1st–
3rd quartile 8.4–10.2] g/dL, estimated median difference
0.97 g/dL [95%CI 0.81–1.1], p < 0.001). Independent of
receiving an RBC transfusion, nadir Hb was the lowest in
patients with a restrictive regimen, followed by interme-
diate, and the highest in patients with a liberal regimen
(Table 2, all p < .001). Patients with a restrictive
regimen mostly received an RBC transfusion when their
nadir Hb was �0.1 g/dL lower than the protocol's thresh-
old (1st–3rd quartile �0.7 to +0.4 g/dL). Contrarily, in
patients with a liberal regimen, nadir Hb was 0.6 g/dL
higher than the protocol's threshold (1st–3rd quartile �0.3
to +1.3 g/dL).

3.3 | Transfusion regimens

Based on the transfusion thresholds stated, 117 patients
had a restrictive (four centers), 152 patients a liberal (six
centers), and 150 patients an intermediate regimen
(six centers, Table 2). The questionnaire's results and a
per-center overview of the main and secondary outcomes
can be found in Additional File 6A-B. In an unadjusted
analysis, no differences were found in total RBC amount,
days of transfusion, units per day on ECMO, and per
transfusion day among the regimens. Comparing baseline

4 RAASVELD ET AL.
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characteristics among the regimens showed significant
differences in body mass index, incidence of hypertension,
SOFA-score, and cannulation site (Additional File 7). No
association was found between these covariates and RBC
transfusion, except for cannulation site. Notably, a poten-
tially effect modifying difference in the proportion of hem-
orrhagic complications was present among the regimens,

whereas hemorrhage ranged from 43% in the liberal to
56% in the restrictive group (p = .08, Table 2). Corrected
for this proportional difference in hemorrhagic complica-
tions among the regimens, the estimated total RBC ranged
from 11.5 units (95%CI 9.5–14) for a restrictive, 11.2 (95%
CI 9.4–13.3) for intermediate, and 12.7 (95%CI 10.7–15) for
a liberal regimen (p = .056).

TABLE 1 Patient demographics.

Variable VA ECMO (N = 419) Non-transfused (N = 45) Transfused (N = 374) p-value

Age, years 57 [47–66] 56 [43–66] 57 [47–66] .54

BMI, kg/m2 27.0 [24.3–30.6] 26.3 [24.2–30.5] 27.1 [24.3–30.6] .54

Female sex 154 (37%) 7 (16%) 147 (39%) <.01

Medical history

Asthma/COPD 39 (9%) 5 (11%) 34 (9%) 1.00

Chronic kidney disease 25 (6%) 0 (0%) 25 (7%) .15

Diabetes 68 (16%) 6 (13%) 62 (17%) 1.00

Hypertension 139 (33%) 12 (27%) 127 (34%) .82

Myocardial infarction 76 (18%) 6 (13%) 70 (19%) .77

Pulmonary hypertension 25 (6%) 3 (7%) 22 (6%) 1.00

Values before ECMO

SOFA-score 11 [8–13] 11 [9–13] 11 [8–13] .54

Hemoglobin, g/dL 11.6 [9.5–13.5] 13.9 [12.3–16] 11.1 [9.4–13.4] <.001

Platelet count, 109/L 179 [119–253] 218 [159–289] 176 [116–252] .08

Lactate, mmol/L 5.2 [2.4–10] 3.6 [2.1–10.5] 5.5 [2.4–9.9] .44

Creatinine, μmol/L 114 [83–157] 112 [83–129] 114 [83–160] .31

ECMO characteristics

Duration, days 5 [3–8] 3 [2–5] 5 [3–9] <.001

Second run indicated 38 (9%) 1 (2%) 37 (10%) .16

Peripheral cannulation site 356 (86%) 42 (93%) 314 (85%) .18

Distal femoral cannula 288 (71%) 33 (73%) 255 (70%) .45

Surgical insertion cannula 227 (56%) 21 (49%) 206 (56%) .44

ECPR 107 (26%) 14 (31%) 93 (25%) .60

Indication .001

Myocardial infarction 117 (28%) 10 (22%) 107 (29%) .47

Post-cardiotomy 113 (27%) 5 (11%) 108 (29%) .02

Persistent VT/VF 41 (10%) 10 (22%) 31 (9%) <.01

Pulmonary embolism 21 (5%) 1 (2%) 20 (5%) .59

Septic cardiomyopathy 20 (5%) 0 (0%) 20 (5%) .22

Lung-transplantationa 19 (5%) 2 (4%) 17 (5%) 1.00

Myocarditis 15 (4%) 1 (2%) 14 (4%) .93

Otherb 73 (18%) 16 (35%) 58 (15%) .15

Note: Shown as median [1st–3rd quartile] for non-parametric numerical variables and no. (%) for frequency data. All comorbidities in the medical history were
listed before the current hospital admission in which the patient was supported with VA ECMO.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal
cardiopulmonary resuscitation; SOFA, sequential organ failure assessment; VT/VF, ventricular tachycardia/ventricular fibrillation.
aLung transplantation combines if indicated for bridge to LTx or post-LTx.
bOther includes accidental hypothermia with arrest, per-partum cardiomyopathy, postoperative graft dysfunction, intoxication, other.
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To investigate the differences in daily transfusion
count, a GLMM was built. Distribution tests showed a
negative binomial (NB) distribution, and model fit
improved after correcting for zero-inflation (ZI). Best-
model-fit was found using a ZI-NB GLMM with random
intercepts for patients and accounting for hemorrhage,
duration, regimen applied, and interaction between time
and regimen. Independent of regimen and hemorrhage,
the total count of RBC transfusions decreased over time
with a ratio of 0.97 (95%CI 0.94–0.99). Figure 1 shows the
transfusion count over time, stratified by regimen, and
whether the patient suffered a hemorrhagic complication.
The predicted RBC count at day 0 is comparable among
patients regardless of their regimen. However, patients
with a restrictive regimen had a statistically significant
difference in slope when compared to intermediate and
liberal regimen (p < .001). This resulted in a significantly
lower estimated RBC count for restrictive patients respec-
tively at day 10 for hemorrhagic, and at day 12 in non-
hemorrhagic patients (Table 4).

3.4 | Patient outcomes

In total, 349 patients (83%) suffered from one or more
complications, mostly AKI (N = 242, 58%), hemorrhage
(N = 207, 49%), or RRT (N = 154, 37%). RRT was more
common in patients who had received an RBC transfu-
sion (both p < .001; Additional File 8). A total of
257 patients (61%) were successfully weaned, after which
47 patients died, resulting in an overall survival of
210 patients (50%). No unadjusted differences were found
in successful weaning and overall survival between either
transfusion status or the different regimens, which
remained after adjustment for potential confounders.
While being transfused was not associated with mortality,
hemorrhage did result in an increased odds of mortality
(OR 1.17 [95%CI 1.07–1.29]).

3.5 | Extracorporeal cardiopulmonary
resuscitation

A total of 107 patients received ECMO as part of ECPR.
Compared to the non-ECPR population, this subgroup
had a shorter ECMO duration (4 days [1st–3rd quartile 2–
6 days] vs. 5 [1st-3rd quartile 3–9 days], p < .001; Addi-
tional File 9A). Similar transfusion rates and amounts
were found, whereas Hb was higher during ECMO inde-
pendent of whether a transfusion was administered
(Additional File 9B).

4 | DISCUSSION

This study aimed to create an overview of RBC transfusion
practices in patients receiving VA ECMO. We report the fol-
lowing relevant findings. First, a large majority of the
patients received RBC transfusions during VA ECMO, add-
ing up to a high total amount during their ECMO run. Sec-
ond, different Hb thresholds are applied among the centers,
and despite worse protocol adherence in patients with a lib-
eral regimen, no unadjusted differences were found in the
frequency and amounts of RBC transfused. Third, hemor-
rhage is the most important independent factor in receiving
RBC during VA ECMO. Fourth, the amount of daily
administered RBC is the highest in the first days of ECMO,
and decreases over time. After correcting for a difference in
the occurrence of hemorrhage among the transfusion regi-
mens, a difference is found in the predicted RBC count per
day, wherein a restrictive regimen shows a faster decrease
in RBC administered.

In the general critically ill population in the ICU, the
occurrence rate of RBC transfusion has been described as
around 26%.23 This occurrence rate is strikingly lower
than the almost 90% in our study population receiving
VA ECMO. Although previous studies describe a higher
total sum of RBC transfused during ECMO, the amount

TABLE 3 Factors associated with red blood cells transfusion, univariable regression.

Dependent variable OR Lower limit Upper limit Significance

Hb prior (g/dL) 1.32 1.15 1.54 <.001

Duration (days) 1.17 1.06 1.33 .01

Indication (ref: Myocardial infarction) (ref) (ref) (ref) (ref)

Intoxication 0.19 0.05 0.80 .05

Persistent VT/VF 0.29 0.11 0.77 .05

Hemorrhage (ref: no) 9.40 3.97 27.70 <.001

Note: Outcome variable defined as whether the patient received one or more RBC transfusions during their support with ECMO, resulting in N = 374 who did
versus N = 45 who did not receive RBC transfusion. Reference = not transfused. Stated in odds ratios with 95% confidence interval. Hb prior = numerical,
with 1 g/dL decrease resulting in corresponding OR (CI). All nonsignificant variables can be found in Additional File 3C.
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TABLE 4 Predicted red blood cells amount, resulting from zero-inflated negative binomial generalized linear mixed model.

Liberal (>9 g/dL) Intermediate (7.5–9 g/dL) Restrictive (<7.5 g/dL)

Estimated count (95% CI) Estimated count (95% CI) Estimated count (95% CI)

Non-hemorrhage

Day 0 1.50 (1.27–1.77) 1.36 (1.13–1.64) 1.69 (1.38–2.07)

Day 7 1.16 (0.99–1.37) 1.08 (0.90–1.29) 0.94 (0.76–1.15)

Day 10 1.05 (0.87–1.25) 0.98 (0.80–1.19) 0.73 (0.58–0.92)

Day 12 0.97 (0.80–1.18) 0.91 (0.74–1.13) 0.62 (0.48–0.79)

Day 14 0.91 (0.73–1.12) 0.86 (0.68–1.08) 0.52 (0.39–0.69)

Day 21 0.70 (0.53–0.93) 0.68 (0.49–0.94) 0.29 (0.19–0.43)

Day 28 0.55 (0.38–0.79) 0.54 (0.35–0.83) 0.16 (0.10–0.27)

Hemorrhage

Day 0 3.68 (3.14–4.32) 3.35 (2.83–3.97) 4.15 (3.49–4.94)

Day 7 2.86 (2.45–3.34) 2.66 (2.27–3.11) 2.30 (1.94–2.74)

Day 10 2.57 (2.17–3.05) 2.40 (2.01–2.87) 1.79 (1.46–2.16)

Day 12 2.39 (1.99–2.88) 2.25 (1.85–2.74) 1.51 (1.20–1.91)

Day 14 2.23 (1.82–2.72) 2.10 (1.69–2.62) 1.28 (0.99–1.66)

Day 21 1.73 (1.32–2.28) 1.67 (1.22–2.28) 0.71 (0.49–1.04)

Day 28 1.35 (0.94–1.92) 1.32 (0.87–2.01) 0.39 (0.24–0.66)

Note: Predicted RBC amount (estimated daily count) after correction for hemorrhage, duration, transfusion regimen, and interaction term between duration
and transfusion regimen.

Abbreviations: CI, confidence interval; GLMM, generalized linear mixed model; RBC, red blood cell; ZINB, zero-inflated negative binomial.

Non-hemorrhage Hemorrhage

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
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Day on ECMO
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Regimen Liberal (>9 g/dL) Restrictive (<7.5 g/dL)Intermediate (7.5 - 9 g/dL)

FIGURE 1 Predicted amount of red blood cells transfused, stratified by hemorrhage. RBC, red blood cell; hemorrhage defined according

to ELSO Registry definitions. Subgroups defined as liberal (Hb >9 g/dL, N = 152), intermediate (Hb 7.5–9.0 g/dL, N = 150), and restrictive

(Hb >7 g/dL, N = 117) Hb trigger for RBC transfusion. [Color figure can be viewed at wileyonlinelibrary.com]
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remains remarkably high.24,25 This high sum of RBC in
patients receiving VA ECMO versus the general ICU pop-
ulation can be explained by different factors, including
the high variance in Hb threshold applied, the higher
incidence of AKI and hemorrhage (among others due to
the use of systemic anticoagulation), and possibly the
“wish to act” in this severely ill patient population.

A hypothesis to transfuse liberally in VA ECMO holds
that in those patients receiving VA ECMO, tissue hypox-
emia can develop as a result of reduced cardiac output due
to cardiac failure. By providing a larger Hb buffer, the
resulting decreased oxygen delivery (DO2) can possibly be
compensated. However, this does not take into account that
VA ECMO blood flow leads to a fixed cardiac output, and
thus maintenance of the DO2. Evidence to either confirm
or refute this hypothesis is lacking. Although an RBC trans-
fusion can be lifesaving, it is also a possible risk-bearing inter-
vention with substantial risk for transfusion-related sequelae,
and therefore unnecessary transfusions should be avoided,
especially in this critically ill population. In similar patient
populations not on ECMO, several studies have shown that
maintaining a restrictive transfusion threshold is non-inferior,
including in septic shock, cardiac surgery, and even acute
myocardial infarction.17,18,26 Recent observational studies per-
formed in VV ECMO confirmed the safe use of a restrictive
regimen; however, randomized trials have yet to confirm this
result.19,20 In our study, no differences were found among the
regimens with regard to mortality. However, the unadjusted
rate of multiple complications, such as AKI, was the lowest
in the intermediate regimen. Although this can be the result
of a center-specific effect, this warrants future attention.

Surprisingly, in unadjusted analyses, no differences
were found in the daily and total amount of transfusions
among the regimens. This contrasts our previous findings
in patients receiving VV ECMO, in which patients with a
liberal threshold received transfusion at a higher amount
and rate.20 However, when comparing VA ECMO with
VV ECMO patients, multiple differences exist. First, in
VA ECMO, cannulation is more often performed surgi-
cally, as an important indication is post-cardiotomy. Sec-
ond, the total duration of support is shorter in VA
ECMO. As such, the differences in transfusion behavior
may be a result of different indications to transfuse
(i.e., non-ECMO related post-surgical hemorrhage in VA
ECMO compared to “improving weaning” in a later stage
on VV ECMO). Both hemorrhage and ECMO duration
matter when assessing the transfusion behavior among
the regimen. For example, our results show that in bleed-
ing patients with a restrictive regimen, the predicted
number of RBC units transfused is higher in the first
days. However, this is followed by a rapid decrease in the
predicted daily number of RBC units. This emphasizes

the importance of hemorrhage as one of the main com-
plications during ECMO.

The hemorrhage rate we found is relatively high
when compared to previous studies resulting from the
ELSO registry.27 This can possibly be explained by a dif-
ference in patient selection. For example, a relatively
large part of our study group was cannulated surgically,
which is known to be associated with a higher risk of
hemorrhage. Not only is hemorrhage strongly associated
with receiving RBC transfusions, we also confirm its
association with mortality. Therefore, identifying the
causes and preventing hemorrhage should be the main
focus. Different factors have been identified to contribute
to hemorrhaging, ranging from severity of disease, devel-
opment of ECMO-associated coagulopathy, and anticoa-
gulation targets applied.28–30 Further evaluating the
optimal anticoagulation monitoring, type, and targets is
thus essential to decrease this risk of hemorrhage.

To our knowledge, our study is one of the largest mul-
ticenter studies performed on this topic in an interna-
tional collaboration. It creates a complete overview by
reporting both RBC transfusions, Hb course, and thresh-
olds applied, thereby adding important information on
the topic of transfusion behavior in VA ECMO. However,
some limitations have to be acknowledged. First, a retro-
spective study design brings along different limitations,
including unmeasured confounding and the fact that
conclusions regarding causality cannot be drawn. Second,
neither the exact time of transfusion and corresponding
laboratory values, nor indications for transfusion or alter-
native reasons or physiological triggers than Hb were col-
lected. Third, we were limited to the information
available in electronic patient records, therefore not
being able to record both severity of hemorrhages as well
as transfusion-related complications such as TRALI
and TACO.

5 | CONCLUSIONS

Transfusion of RBC in patients receiving VA ECMO is
very common, as well in frequency, daily and total num-
ber of RBC transfused. Hemorrhage plays an important
role in the probability of being transfused. Transfusion
behavior among different regimens differs, but does not
influence patient outcomes. Future studies should focus
on indications and thresholds for RBC transfusion in a
prospective manner.
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