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OBSERVATIONAL STUDY

Plasma Transfusion and Procoagulant Product 
Administration in Extracorporeal Membrane 
Oxygenation: A Secondary Analysis of an 
International Observational Study on Current 
Practices
OBJECTIVES: To achieve optimal hemostatic balance in patients on extracor-
poreal membrane oxygenation (ECMO), a liberal transfusion practice is currently 
applied despite clear evidence. We aimed to give an overview of the current use 
of plasma, fibrinogen concentrate, tranexamic acid (TXA), and prothrombin com-
plex concentrate (PCC) in patients on ECMO.

DESIGN: A prespecified subanalysis of a multicenter retrospective study. 
Venovenous (VV)-ECMO and venoarterial (VA)-ECMO are analyzed as separate 
populations, comparing patients with and without bleeding and with and without 
thrombotic complications.

SETTING: Sixteen international ICUs.

PATIENTS: Adult patients on VA-ECMO or VV-ECMO.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Of 420 VA-ECMO patients, 59% 
(n = 247) received plasma, 20% (n = 82) received fibrinogen concentrate, 17% 
(n = 70) received TXA, and 7% of patients (n = 28) received PCC. Fifty per-
cent of patients (n = 208) suffered bleeding complications and 27% (n = 112) 
suffered thrombotic complications. More patients with bleeding complications 
than patients without bleeding complications received plasma (77% vs. 41%, p 
< 0.001), fibrinogen concentrate (28% vs 11%, p < 0.001), and TXA (23% vs 
10%, p < 0.001). More patients with than without thrombotic complications re-
ceived TXA (24% vs 14%, p = 0.02, odds ratio 1.75) in VA-ECMO, where no 
difference was seen in VV-ECMO. Of 205 VV-ECMO patients, 40% (n = 81) 
received plasma, 6% (n = 12) fibrinogen concentrate, 7% (n = 14) TXA, and 5%  
(n = 10) PCC. Thirty-nine percent (n = 80) of VV-ECMO patients suffered bleed-
ing complications and 23% (n = 48) of patients suffered thrombotic complica-
tions. More patients with than without bleeding complications received plasma 
(58% vs 28%, p < 0.001), fibrinogen concentrate (13% vs 2%, p < 0.01), and 
TXA (11% vs 2%, p < 0.01).

CONCLUSIONS: The majority of patients on ECMO receive transfusions of 
plasma, procoagulant products, or antifibrinolytics. In a significant part of the 
plasma transfused patients, this was in the absence of bleeding or prolonged in-
ternational normalized ratio. This poses the question if these plasma transfusions 
were administered for another indication or could have been avoided.

KEY WORDS: blood coagulation factors; coagulants; extracorporeal membrane 
oxygenation; fibrinogen; plasma; transfusion
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Extracorporeal membrane oxygenation (ECMO) 
is a potential life-saving supportive therapy in 
severe cardiac or respiratory failure. The two 

most commonly used modes consist of venovenous 
ECMO (VV-ECMO) for respiratory failure and veno-
arterial ECMO (VA-ECMO) for cardiac or circulatory 
failure (1). 
Achieving the optimal hemostatic balance in patients 
on ECMO is challenging. On the one hand, as the 
blood of the patient is exposed to artificial material, it 
induces a hypercoagulable state, which can lead to me-
chanical failure (2), and thrombotic complications in 
up to 10% (3). On the other hand, enhanced fibrinol-
ysis, consumption of platelets and coagulation factors, 
and acquired von Willebrand disease (4, 5), together 
with the use of anticoagulant medication, create a 
hypocoagulable state which can result in major bleed-
ing, occurring in up to 30% of the ECMO patients (2, 
3, 6).

Hypocoagulability accompanied by bleeding can 
be treated in several ways. In addition to red blood 
cells (RBC) and platelets, plasma, fibrinogen concen-
trate, prothrombin complex concentrate (PCC), and 
other coagulation factors and antifibrinolytics can be 
administered. However, little is known about the daily 
practice of the correction of coagulopathy in patients 
on ECMO. Larger studies on this topic are available 

in general critically ill ICU patients (7), surgical or 
trauma patients (8, 9), and cardiac surgery patients 
(10–15). Most data on ECMO patients on the use of 
plasma and procoagulant products result from pedi-
atric (16) or bleeding adult patients on ECMO (17). 
Studies on plasma transfusion and administration of 
other procoagulant products in the adult ECMO pop-
ulation, specifically in nonbleeding patients, are scarce.

The aim of this study was to create an overview of 
the current use of plasma and procoagulant prod-
ucts in patients receiving support with VA-ECMO 
and VV-ECMO. In addition, we aimed to assess dif-
ferences between patients with and without a bleed-
ing complication, and with and without a thrombotic 
complication.

MATERIALS AND METHODS

Study Design

This was a prespecified subanalysis of an international, 
multicenter observational cohort study that included 
patients receiving ECMO in 16 ICUs (Supplementary 
S1, http://links.lww.com/CCX/B229). The study was 
approved by the Amsterdam University Medical 
Center institutional review board (AMC, W19_222 
no. 19.267), followed by local approvals, and was reg-
istered at the Netherlands Trial Register (NL8413, date 
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of registration February 2, 2020). This study involving 
human participants was in accordance with the eth-
ical standards of the institutional and national research 
committee, and with the 1975 Helsinki Declaration. 
The study consisted of retrospective data collection 
using patient records, combined with a survey on local 
transfusion guidelines and anticoagulation strategy 
(Supplementary S2, http://links.lww.com/CCX/
B229). This analysis adheres to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines.

Study Population

Eligibility criteria consisted of adult patients who re-
ceived any mode of ECMO (including extracorporeal 
cardiopulmonary resuscitation) between January 1, 
2018, and July 1, 2019, for at least 24 hours. For the 
current analyses, we excluded patients receiving ei-
ther triple cannulation configurations or extracorpo-
real CO2 removal, and patients with missing data on 
whether they had suffered a bleeding or thrombotic 
event during ECMO.

Data Collection

A full list of collected variables can be shown in 
Supplementary materials (Supplement S3, http://
links.lww.com/CCX/B229). Laboratory values and 
transfusion parameters were collected daily as long as 
the patient was supported by ECMO, up to a maximum 
of 28 days. Data on plasma transfusion, administration 
of fibrinogen concentrate (both fibrinogen concentrate 
and cryoprecipitate), PCC (both three-factor and four-
factor concentrates), and tranexamic acid (TXA) were 
collected.

A bleeding event was defined according to the 
Extracorporeal Life Support Organization [ELSO] 
definitions: bleeding that led to 1) surgical explora-
tion or intervention by an interventional radiologist 
or 2) required immediate transfusion of greater than 2 
RBC units due to a sudden fall in hemoglobin greater 
than 1 mmol/L, new hemodynamic instability or overt 
bleeding. Thrombotic events were divided into arterial, 
venous, and mechanical thrombosis, in line with the 
ELSO data registry. Thrombotic events included arte-
rial thrombosis resulting in “stroke,” “leg ischemia,” or 
“other,” venous thrombosis in “upper extremity,” “lower 
extremity,” or “other,” and mechanical thrombosis in 

the cannula, pump, or oxygenator. For the comparison 
between patients with and without a bleeding compli-
cation, one or more bleeding events allocated a patient 
to a “bleeding patient.” For the comparison of a patient 
with or without a thrombotic complication, any of the 
abovementioned thrombotic events allocated a patient 
to a “patient with a thrombotic complication.”

Outcomes

The primary objective was to give an overview of the 
use of plasma, fibrinogen concentrate, PCC, and TXA. 
VA-ECMO- and VV-ECMO-supported patients were 
analyzed separately as two different populations and 
were not compared. The use of these products was re-
ported in the total VA-ECMO or VV-ECMO popula-
tion and further compared in patients with or without 
a bleeding complication and with or without a throm-
botic complication. The primary outcomes were the 
proportion of patients receiving the abovementioned 
products; the number of days on which the products 
were administered; the amount of product per day the 
product was administered; the total amount of admin-
istered products for the duration of the ECMO run.

Secondary objectives included an overview of pa-
tient outcomes per ECMO mode and an overview of 
adherence to the ELSO guideline (18), using thresh-
olds of laboratory values (international normalized 
ratio [INR], and fibrinogen) in bleeding and nonbleed-
ing patients per ECMO mode.

Statistical Analysis

All statistical analyses were performed in R with 
R studio interface (version 4.0.3, R Foundation for 
Statistical Computing, Vienna, Austria) (19). All con-
tinuous variables were non-normally distributed and 
presented as median (first - third quartile). Categorical 
variables were reported as counts (%). Data were miss-
ing not at random for pre-ECMO laboratory values, 
with high correlation between missing laboratory 
values, therefore no method for imputing missing data 
was performed. Subgroup analyses were performed 
to compare patients with or without a bleeding com-
plication and with or without a thrombotic complica-
tion per ECMO mode. Differences were reported as 
estimated median differences with 95% CIs estimated 
using the Hodges-Lehmann method. Differences were 
tested for significance by the Wilcoxon rank sum test 
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on continuous variables and a Chi-square test on cat-
egorical variables. The association between bleeding 
or thrombosis and receiving plasma and procoagulant 
products was assessed by performing exploratory mul-
tivariable logistic regression analyses, with ECMO run 
duration as a covariate to correct for, as longer ECMO 
run duration was deemed likely to affect the risk of re-
ceiving transfusion, regardless of bleeding or throm-
botic complication. Results were portrayed with odds 
ratios (OR) and 95% CIs. Tests were two-sided with a p 
value considered significant of less than 0.05.

RESULTS

Population

Six hundred forty-five patients were enrolled for data 
collection, of whom 625 were eligible for inclusion. 
Reasons for exclusion are given in Supplementary 
materials (Supplementary S4, http://links.lww.com/
CCX/B229). A total of 420 patients received VA-ECMO 
and 205 received VV-ECMO. Patient demographics are 
shown in Supplementary S5 (http://links.lww.com/
CCX/B229). The main reason to initiate VA-ECMO 
was myocardial infarction (n = 117) or postcardiotomy 
(n = 113). In VV-ECMO patients, pneumonia (n = 72) 
and acute respiratory distress syndrome (n = 63) were 
the most frequent indications.

Questionnaire on Employed Transfusion 
Thresholds, Type of Products, and 
Anticoagulation Strategy

The questionnaire on thresholds for plasma, PCC, and 
fibrinogen administration showed a large variability 
between participating centers, with thresholds for INR 
varying from 1.5 to 2.0 and for fibrinogen from 1.0 
to 2.0 g/L. Thresholds were mostly defined for bleed-
ing patients and did not differ between VA-ECMO 
or VV-ECMO patients in any of the participating 
centers (Supplementary S2B, http://links.lww.com/
CCX/B229). For plasma transfusions, half of the cen-
ters used fresh frozen plasma, and half used pooled 
plasma. For fibrinogen suppletion and PCC adminis-
tration, 12 of 16 centers used fibrinogen concentrate 
and four-factor concentrate (Supplementary S2B, 
http://links.lww.com/CCX/B229). All but one center 
used unfractionated heparin as anticoagulation. All 
but one center monitored their anticoagulation with 

activated partial thromboplastin time (aPTT) with 
lower thresholds ranging from 40 to 60 seconds and 
upper thresholds ranging from 50 to 90 seconds. Three 
centers additionally monitored anti-Xa levels, and 
one center additionally performed viscoelastic test-
ing (thromboelastometry [ROTEM], Werfen Benelux, 
Breda, The Netherlands). Five centers had different 
ranges for VA-ECMO and VV-ECMO (Supplementary 
S2C, http://links.lww.com/CCX/B229).

Plasma and Procoagulant Product Use in 
VA-ECMO

Of the 420 patients receiving VA-ECMO, more than 
half of the patients (n = 247, 59%) received one or more 
plasma transfusions (Table 1). Transfused patients re-
ceived a total of 7 (3–13) plasma units during their 
ECMO run, equivalent to 21 (10–43) mL/kg of body 
weight. Per day, when a transfusion was administered, 
they received 4 (2–6) plasma units (equivalent to 12 
[7–20] mL/kg). Most plasma transfusions were given 
in the first 3 days of ECMO (Supplementary S6, http://
links.lww.com/CCX/B229). Fibrinogen concentrate, 
TXA, and PCC were less frequently administered, re-
spectively, in 20% (n = 82), 17% (n = 70), and 7% (n = 
28) of the patients (Table 1).

Half of the VA-ECMO patients suffered a bleeding 
complication (50%, n = 208, Table 2). These patients 
more often received plasma, fibrinogen concentrate, 
and TXA compared to nonbleeding patients. Of note, 
of the nonbleeding VA-ECMO patients, 41% (n = 
87) received one or more plasma transfusions during 
their ECMO support. However, bleeding patients re-
ceived substantially more plasma units than nonbleed-
ing patients: 9 (4–16) versus 4 (2–8) units (p < 0.001, 
Table 2). Compared with non bleeding patients, bleed-
ing patients had significantly higher odds of receiving 
plasma (OR 4.47; 95% CI, 2.93–6.91; p < 0.001), fi-
brinogen concentrate (OR 3.50; 95% CI, 2.07–6.10; 
p < 0.001), and TXA (OR 2.45; 95% CI, 1.43–4.31;  
p = 0.002, Fig. 1 and Supplementary S7, http://links.
lww.com/CCX/B229). We observed a statistically sig-
nificantly higher proportion of bleeding patients in 
postcardiotomy VA-ECMO patients versus other 
VA-ECMO indications (“myocardial infarction” or 
“other,” Supplementary S8, http://links.lww.com/
CCX/B229). After correcting for ECMO indication 
in a post hoc regression, bleeding patients remained 
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more likely to receive products (Supplementary S9, 
http://links.lww.com/CCX/B229).

One or more thrombotic events occurred in 27% 
(n = 112) of patients supported by VA-ECMO (Table 
3). TXA was given in a larger proportion of patients 
that developed thrombotic complications compared 
to those who did not (24% vs 14%, p = 0.02). No dif-
ferences in frequency or dosages of the other products 
were seen between patients with and without throm-
botic complications (Table 3). Compared with patients 
without a thrombotic complication, patients with a 
thrombotic complication had significantly higher odds 
of receiving or having received TXA (OR 1.75; 95% 
CI, 1.00–3.04; p = 0.048, Fig. 1 and Supplementary S7, 
http://links.lww.com/CCX/B229).

Plasma and Procoagulant Product Use in 
VV-ECMO

Of the 205 VV-ECMO patients, 40% of the patients 
(n = 81) received one or more plasma transfusions 
(Table 1) during their ECMO runs. Patients received 
5 (3–8) plasma units in total, equivalent to 17 (10–34) 
mL/kg of bodyweight. They received 3 units (2–4) per 
administered day (equivalent to 9 [6–17] mL/kg body-
weight). Most plasma transfusions were administered 
on the first 2 days of ECMO (Supplementary S6, http://
links.lww.com/CCX/B229). Fibrinogen concentrate, 
TXA, and PCC were all less frequently given, respec-
tively, in 6% (n = 12), 7% (n = 14), and 5% (n = 10) of 
the patients (Table 1).

TABLE 1.
Plasma and Procoagulant Product Use Per Extracorporeal Membrane Oxygenation Mode

Variable Total, n = 625 VA-ECMO, n = 420 VV-ECMO, n = 205 

Plasma

  Received plasma, n (%) 328 (53) 247 (59) 81 (40)

  Total amount of plasma, units (median [IQR]) 6 (3–12) 7 (3–13) 5 (3–8)

  Total amount of plasma, mL/kg (median [IQR]) 20 (10–40) 21 (10–43) 17 (10–34)

  Days plasma received (median [IQR]) 2 (1–3) 2 (1–3) 1 (1–3)

  Plasma per administered day, units(median [IQR]) 3 (2–5)  4 (2–6) 3 (2–4)

  Plasma per administered day, mL/kg (median [IQR]) 10 (6–18) 12 (7–20) 9 (6–17)

Fibrinogen concentrate

  Received fibrinogen, n (%) 94 (15) 82 (20) 12 (6)

  Total amount of fibrinogen, g (median [IQR]) 2.5 (2.0–4.4) 3.0 (2.0–4.9) 2.0 (1.0–3.3)

  Days fibrinogen received (median [IQR]) 1 (1–1) 1 (1–1) 1 (1–1)

  Fibrinogen per administered day, g (median [IQR]) 2.0 (2.0–4.0) 2.0 (2.0–4.0) 2.0 (1.0–3.3)

TXA

  Received TXA, n (%) 84 (13) 70 (17) 14 (7)

  Total amount of TXA, g (median [IQR]) 2.0 (1.0–3.0) 2.0 (1.5–3.0) 2.0 (1.0–2.0)

  Days of TXA (median [IQR]) 1 (1–1) 1 (1–1) 1 (1–1)

  TXA per administered day, g (median [IQR]) 2.0 (1.0–2.0) 2.0 (1.0–2.0) 2.0 (1.0–2.0)

PCC    

  Received PCC, n (%) 38 (6) 28 (7) 10 (5)

  Total amount of PCC, IU (median [IQR]) 1500 (750–2,500) 1,500 (500–2,625) 2,500 (1,000–2,500)

  Days PCC received (median [IQR]) 1 (1–1) 1 (1–1) 1 (1–1)

  PCC per administered day, IU (median [IQR]) 1,500 (750–2,500) 1,500 (500–2,500) 2,250 (1,000–2,500)

ECMO = extracorporeal membrane oxygenation, IU = International Unit, IQR = interquartile range, PCC = prothrombin complex 
concentrate, TXA = tranexamic acid, VA = venoarterial, VV = venovenous.
Total amount of products, days of products received and product per administered day are all calculated in only the patients that received 
the said product.
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Of the VV-ECMO patients, 39% (n = 80) suffered a 
bleeding complication (Table 2). A larger proportion 
of the bleeding patients compared with the nonbleed-
ing patients received plasma, fibrinogen concentrate, 
and TXA. However, 28% (n = 35) of the nonbleeding 
patients also received plasma transfusions. In patients 
receiving plasma, fibrinogen concentrate, and TXA, 
no differences in dosages were seen between bleed-
ing and nonbleeding patients (Table  2). Compared 
with nonbleeding patients, bleeding patients had sig-
nificantly higher odds of receiving plasma (OR 3.54; 
95% CI, 1.96–6.51; p < 0.001), fibrinogen concentrate 
(OR 13.32; 95% CI, 3.17–91.48; p = 0.002), and TXA 
(OR 10.99; 95% CI, 3.08–52.20; p < 0.001, Fig. 1 and 
Supplementary S7, http://links.lww.com/CCX/B229).

A thrombotic event occurred in 23% (n = 48) of the 
VV-ECMO patients (Table 3). No differences between 

patients with a throm-
botic complication to those 
without a thrombotic com-
plication in VV-ECMO 
were seen in plasma or 
procoagulant product 
use (Table  3, Fig.  1, and 
Supplementary S7, http://
links.lww.com/CCX/B229).

Patient Outcomes

Sixty-one percent (n = 258) 
of the VA-ECMO patients 
were successfully weaned, 
after which 47 patients 
deceased, leading to an 
overall survival of 50%  
(n = 211). The most com-
mon complications were 
bleeding (50%, n = 208), 
need for renal replacement 
therapy (RRT, 37%, n = 
155), and infection (29%, 
n = 121) Of the thrombotic 
complications, leg ischemia 
was the most common (9%, 
n = 40) (Supplementary 
S10, http://links.lww.com/
CCX/B229).

Of the VV-ECMO 
patients, 68% (n = 139) 

were successfully weaned, after which 14 patients 
deceased, leading to an overall survival of 62% (n = 
126). The most common complications were infection 
(45%, n = 92), need for RRT (42%, n = 87), and bleed-
ing (39%, n = 80). Of the thrombotic complications, 
thrombi in the oxygenator were the most common 
(11%, n = 22) (Supplementary S10, http://links.lww.
com/CCX/B229).

Fifteen percent of VA-ECMO (n = 63) and 12% of 
VV-ECMO (n = 24) suffered both a thrombotic and a 
bleeding complication during their ECMO run.

ELSO Guideline Adherence Using  
Laboratory Values

In patients who suffered a bleeding complication, 
the INR was greater than 1.5 in 39% of the plasma 

Figure 1. Regression analyses—effect of bleeding and thrombosis on product use. The odds ratios 
are presented with 95% CIs and corrected for duration on extracorporeal membrane oxygenation 
(ECMO). VA = venoarterial, VV = venovenous, PCC = prothrombin complex concentrate, TXA = 
tranexamic acid.
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transfusions in VA-ECMO and in 41% of the plasma 
transfusions in VV-ECMO. In patients on VA-ECMO, 
10% (14 of 135) of plasma transfusions were given to 
nonbleeding patients with an INR greater than 3.0. For 
plasma transfusions in VV-ECMO, 11% (7 of 66) were 
given to nonbleeding patients with an INR greater 
than 3.0. Of the 34 times fibrinogen concentrate was 
administered in nonbleeding VA-ECMO patients, in 
11 patients (32%) the fibrinogen level was less than 
1.0 g/L. In VV-ECMO, 2 of 2 (100%) fibrinogen con-
centrate administrations in nonbleeding patients were 
given to patients with a fibrinogen level of less than 
1.0 g/L (Supplementary S11, http://links.lww.com/
CCX/B229).

DISCUSSION

This is the first large multicenter study on current prac-
tices of the use of plasma and other procoagulant prod-
ucts in adult ECMO patients. We observed that 59% of 
VA-ECMO and 40% of VV-ECMO patients received 
plasma transfusions and that a substantial amount of 
these patients received plasma in the absence of bleed-
ing. Furthermore, nearly all plasma transfusions in 
nonbleeding VA-ECMO and VV-ECMO patients were 
administered to patients with an INR less than 3.0. 
Other procoagulant products (PCC, fibrinogen concen-
trate, TXA) were less frequently administered compared 
to plasma. Overall, patients with bleeding complica-
tions more often received plasma, fibrinogen concen-
trate, and TXA compared with nonbleeding patients. 
In VA-ECMO, a larger proportion of patients with than 
without thrombotic complications received TXA.

Plasma

The number of patients transfused with plasma de-
spite the presence of bleeding is in line with those in 
the general critically ill population; previous stud-
ies showed that a third of the plasma transfusions 
are given to critically ill patients who are not bleed-
ing (7, 20). However, it has been demonstrated that 
administrating plasma to nonbleeding critically ill 
patients for correction of coagulopathy is not effective 
in inducing a more procoagulant state (21–23) and 
fails to reduce the occurrence of bleeding complica-
tions (7, 24, 25). Furthermore, plasma transfusions in 
critically ill are potentially harmful with adverse reac-
tions such as transfusion-related acute lung injury and 

transfusion-associated cardiac overload (26). These 
potentially harmful events could also occur in ECMO 
patients, indeed plasma transfusions have been asso-
ciated with mortality in adult ECMO studies (17, 27).

The actual ELSO guidelines from 2021 recommend 
an INR threshold of 3.0 for plasma transfusion in non-
bleeding ECMO patients (18). In our study, only a mi-
nority of plasma transfusions were administered in 
accordance with this guideline. This observation poses 
the question of whether these plasma transfusions in 
ECMO patients without bleeding were administered 
for another indication or could have been avoided, 
hereby diminishing transfusion-related side effects 
that possibly negatively impact patients’ outcomes. 
However, the data collection of this study was per-
formed in 2018–2019. The ELSO guideline from 2017 
(28) stated that fibrinogen levels should be maintained 
at a normal range and INR thresholds were not men-
tioned, both could partly explain the liberal use of 
plasma transfusions in our study. Furthermore, plasma 
transfusion to replenish antithrombin can be a con-
tributing factor to the substantial use of plasma in this 
population (29). For future studies it would increase 
our knowledge of the indication and effectiveness of 
plasma transfusions to collect data on heparin dosages 
and antithrombin III levels in the case plasma transfu-
sions are given for replenishing antithrombin.

Other Procoagulant Products

Both fibrinogen and PCC were infrequently adminis-
tered to patients on ECMO. Although there are stud-
ies in cardiac surgery that show the beneficial effects 
of fibrinogen concentrate and PCC on blood product 
use (9–12, 30–36), there are no studies on the effective-
ness and safety of fibrinogen or PCC administration 
to prevent or treat bleeding in adult ECMO patients. 
Our data are too limited to draw any conclusions on 
the safety or effectiveness of fibrinogen and PCC ad-
ministration in the ECMO population.

Our data show that more patients with than without 
a thrombotic complication on VA-ECMO received 
TXA. This raises the question if administering TXA 
is safe in VA-ECMO patients. Antifibrinolytics reduce 
postoperative blood loss and/or RBC transfusions in 
cardiac surgery (14, 15, 37), and also have been shown 
to be possibly effective in bleeding control in adults 
(38–40) and in children (41) on ECMO. However, 
antifibrinolytics have also been linked to thrombotic 
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complications, but data are scarce and inconsistent. A 
small study in adult VA-ECMO patients found an asso-
ciation of aprotinin with intracardiac thrombus forma-
tion, but not with TXA administration (42). Another 
study in adult ECMO patients showed that antifibri-
nolytic administration to treat bleeding complications 
did not affect circuit survival (43). However, TXA was 
associated with the occurrence of thrombi in the cir-
cuit in pediatric ECMO patients (44). Unfortunately, 
the timing of the thrombotic event in our study was 
not registered, therefore causality with TXA adminis-
tration cannot be assessed.

Hemorrhage and Thrombosis

Fourteen percent of the studied patients suffered both 
a thrombotic and a bleeding complication during their 
ECMO run, underlining the complex balance between 
hemostasis and thrombosis. It is important to note that 
the complication “leg ischemia” may also be related to 
the size of the arterial cannula and the presence or ab-
sence of a distal reperfusion cannula; however, in this 
study leg ischemia was specified as leg ischemia due to 
arterial thrombosis.

A possible contributing factor to the complex bal-
ance of hemostasis and thrombosis is the difficult 
monitoring of the coagulation status. The currently 
used tests do not reflect in vivo coagulation status 
and are not predictive of bleeding or thrombosis (18). 
Monitoring with aPTT is currently the most applied 
strategy; however, aPTT values are highly variable and 
influenced by many factors (45). Furthermore, aPTT 
values and ranges differ greatly between laboratories 
(46), complicating comparisons between different cen-
ters. Anti-Xa monitoring has been proposed as a su-
perior alternative for monitoring the heparin effect; 
however, it does not take into account other coagula-
tion parameters that could be of clinical importance 
(47) and is not widely available (48). Lastly, viscoelastic 
testing (thromboelastography or ROTEM) has been 
gaining interest to monitor coagulation status, as it 
provides information on initiation and propagation of 
coagulation, amount of fibrinolysis, and heparin effect 
all in one test that is bedside available. Although its use 
is increasing in pediatric ECMO, for example, it is not 
yet widely available (49). Of the 16 participating cen-
ters, three centers were monitored additionally with 
anti-Xa and only one center with ROTEM.

Another possible contributing factor to the complex 
balance of hemostasis and thrombosis is the interac-
tion between infection and coagulation. Our results 
show that infection is a very common complication in 
both VA-ECMO and VV-ECMO. This might further 
contribute to endothelial activation and coagulopathy 
and hereby dynamically affecting patients’ coagulant 
status. Although many studies in ECMO and general 
ICU patients report the incidence of bleeding and 
thrombotic complications, reporting of the incidence 
of both bleeding and thrombotic complications occur-
ring in the same patients is often lacking, making it dif-
ficult to compare our results.

Strengths and Limitations

To our knowledge, this is the first large multicenter 
study in adult ECMO patients on the use of plasma 
and procoagulant products in both VA-ECMO and 
VV-ECMO. An important limitation is the lack 
of data on the timing of bleeding and thrombotic 
events, making interpretations of causality impos-
sible. Also, no indications for transfusions were col-
lected. Lastly, due to this investigation’s retrospective 
observational design, it includes downsides such as 
unmeasured confounding. As a result, associations 
assessed in multivariable regression analyses in 
Figure  1 and Supplementary S6, S7 and S9 (http://
links.lww.com/CCX/B229) should be interpreted as 
exploratory.

CONCLUSIONS

The majority of adult patients on ECMO receive a trans-
fusion of plasma or procoagulant products. In a sig-
nificant proportion of the plasma transfused patients, 
this was in the absence of bleeding or prolonged INR. 
This observation poses the question of whether these 
plasma transfusions in ECMO patients without bleed-
ing were administered for another indication or could 
have been avoided.
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