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ative impact on outcome. We studied the association between activated partial thromboplastin time or platelet
count and the occurrence of hemorrhagic complications. The secondary objective was to determine risk factors
for hemorrhagic complications.Keywords:
Purpose:Hemorrhagic complications during extracorporealmembrane oxygenation are frequent and have a neg-

Methods: Retrospective cohort study in a single-center Dutch university hospital. We included all adult patients
on extracorporeal membrane oxygenation admitted to the intensive care unit between 2010 and 2017.
Results: We included 164 consecutive patients of which 73 (45%) had a hemorrhagic complication. The most
prevalent hemorrhagic complications were surgical site (62%) and cannula site bleeding (18%). Survival to dis-
charge was 67% in the patients without a hemorrhagic complication and 33% in the patients with hemorrhagic
complications (p b .01). A higher activated partial thromboplastin time in the 24 h prior was associated with
the occurrence of hemorrhagic complications (adjusted hazard ratio per 10 s increase 1.14; (95% CI 1.05–1.24).
Venoarterial extracorporeal membrane oxygenation, duration of support, and higher activated partial thrombo-
plastin time were risk factors for the occurrence of hemorrhagic complications.
Conclusions: Higher activated partial thromboplastin time is associated with the occurrence of hemorrhagic
complications.

© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Extracorporeal membrane oxygenation
Hemorrhage
Bleeding
Anticoagulation
1. Introduction

Extracorporeal membrane oxygenation (ECMO) is used to support
critically ill patients with cardiorespiratory dysfunction when conven-
tional treatments have failed. Data from the Extracorporeal Life Support
Organization (ELSO) registry show that the use of ECMO is increasing
over the last decades with an overall weaning success of 70%, and 58%
survival to hospital discharge [1].

Complications of ECMO can be patient-related or of mechanical na-
ture, that is the ECMO circuit components including the cannulas. Expo-
sure of blood to the nonbiologic surfaces of an extracorporeal circuit
initiates a complex inflammatory response involving the intrinsic and
extrinsic coagulation pathway, complement systems, endothelial cells,
leucocytes and platelets [2]. Themost feared complication is a thrombo-
embolic stroke due to clotting related to the ECMO circuit.
in time; ECMO, Extracorporeal
port Organization; HR, hazard
noarterial; VV, venovenous.
artgring, Department of Critical
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Anticoagulation is necessary to prevent thrombosis. The most used an-
ticoagulant in this setting is unfractionated heparin. Unfortunately,
titrating the intensity of anticoagulation to prevent the ECMO circuit
from clottingwithout inducing bleeding risk remains amajor challenge.
Hemorrhagic and thrombotic complications, including intracranial
hemorrhagic and ischemic stroke, surgical bleeding, and circuit throm-
bosis occur frequently [1]. Both hemorrhagic and thromboembolic com-
plications have a significant impact on morbidity and mortality
although the impact varies between studies and seems to be stronger
during venoarterial (VA) ECMO support [3-5]. Some studies suggest
that instead of the occurrence of a serious bleeding event, the transfu-
sion of red blood cells (RBC) is an independent risk factor for mortality
[5,6]. The transfusion of platelets during venovenous (VV) ECMO was
also identified as independent risk factor of in-hospital mortality [5].

Finding the balance between preventing clotting due to the circuit
without inducing the risk for hemorrhagic complications is pivotal. A
comprehensive guideline for the use and monitoring of anticoagulation
during ECMO therapymaybe found on the ELSOwebsite (https://www.
elso.org/Resources/Guidelines.aspx), but this guideline stops short of
any onemandate, given the lack of evidence in favor ofmost of the prac-
tices reviewed [7]. Rigorous evaluations of anticoagulation use in ECMO
patients are therefore urgently needed [8,9]. Recently the first pilot
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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study was published in order to support a large randomized controlled
trial comparing therapeutic heparin with a low dose heparin protocol
[10].

The primary objective of the current study was to evaluate the asso-
ciation between activated partial thromboplastin time (aPTT) or platelet
count and the occurrence of hemorrhagic complications. The secondary
objective was to determine risk factors for hemorrhagic complications.

2. Materials and methods

This retrospective observational study was approved by the institu-
tional review board, written informed consentwaswaived (METc2018/
327).

The University Medical Center Groningen, the Netherlands, is a re-
ferral hospital for ECMO including bridge to heart- or lung transplanta-
tion in. The closed format adult intensive care unit (ICU) has a capacity
of 40 beds with over 3000 admissions per year. All consecutive patients
treatedwith ECMO between 2010 and 2017 in our ICUwere included in
the study. As occasionally minors are treated on our adult ICU we ex-
cluded patients if they were under the age of 16 years. Data were ex-
tracted from the medical records. The date, time and type of bleeding
were meticously recorded. We also evaluated transfusions (red blood
cell, platelet, fresh frozen plasma), duration of ECMO support, ICU and
hospital length of stay, and in-hospital mortality.

All patients were treated with the Cardiohelp device (Maquet-
Getinge)with dedicated ECMO cannulas and circuits (HLS Set Advanced
7.0). All patients received a bolus of unfractionated heparin
(2500–5000 U) at the time of cannulation followed by a continuous in-
fusion for the duration of ECMO therapy, although this may bewithheld
for 24 h in patients with recent surgery. The aim was to maintain aPTT
between 50 and 70 s regardless of the mode of cannulation. APTT was
measured every 6 h according to standard ICU care or more frequent if
the heparin dosage was adjusted or circumstances warrants more fre-
quent control. If the aPTT was out of range, the infusion rate of heparin
was changed per protocol. Heparin was tapered or withheld in patients
whohad significant bleeding if conservativemeasures to stop the bleed-
ing failed.

Therewas no strict protocol on platelet transfusion; in general plate-
let transfusion was given to maintain platelets ≥20 × 109 cells/L while
transfusion threshold was adapted to maintain platelet count ≥50
× 109 cells/L in case bleeding occurred. Hemoglobin was maintained
≥4.3 mmol/L (6.9 g/dl), except in patients bridged to organ transplant
forwhich a somewhat lower hemoglobin levelwas accepted if tolerated

Hemorrhagic complications were registered according to the ELSO
definitions. Major bleeding was defined as clinically overt bleeding
with a decrease in hemoglobin of at least 1,24 mmol/L (2 g/dl)/24 h,
Table 1
Baseline characteristics of patients with and without hemorrhagic complication.

Demographic data All (n = 164)

Age, years, median (IQR) 51 (39–60)
Female sex, n (%) 78 (48%)
Body mass index, kg/m2 median 24.8 (21.9–27.7)
APACHE II score, median (IQR) 22 (17–27)
Patient category
Respiratory, bridge to recover 37 (23%)
Respiratory, bridge to transplant 28 (17%)
Cardiac, bridge to recover 22 (13%)
Cardiac bridge to bridge of transplant 6 (4%)
Cardiac, Postcardiotomy 59 (36%)
ECPR 12 (7%)
Mode of ECMO, veno-arterial, n (%) 101 (61%)
Mode of cannulation, peripheral, n (%) 100 (61%)
Any surgical procedure, n (%) 100 (61%)
ECMO implanted directly after surgical procedure, n (%) 64 (39%)

IQR: interquartile range, ECPR: extracorporeal cardiopulmonary resuscitation, ECMO: extracor
or a transfusion requirement of 1 or more 10 ml/kg RBC transfusions
over that same time period. Retroperitoneal bleedings, pulmonary or
bleedings that involves the central nervous system or require surgical
intervention were also considered as major bleeding [7].

2.1. Statistical analysis

Theprimary analysiswasperformed using themean aPTT during the
24 h prior to the event and the last known platelet count prior to the
moment of the complication, because platelet count was usually not
measuredmore than once daily. For the patients without a hemorrhagic
complication the aPTT and platelet count from the median day of the
first hemorrhagic complication (day 3) was used for analyses if the pa-
tient was still on ECMO, otherwise themeasurements at the last full day
of ECMO were used for comparison. Comparisons between patients
with and without hemorrhagic complications were done with a Fisher
exact test for categorical variables and with a Mann-Whitney U test
for continuous variables. Cox regression analyses were used to study if
aPTT or platelets were associated with hemorrhagic complications
yielding crude hazard ratio's (HRs) with corresponding 95% confidence
interval. We assessed the influence of adjustment of the crude HRs
using clinically meaningful variables from in Table 1 in the subsequent
multivariable analyses. To assess risk factors for hemorrhagic complica-
tions during ECMO support, we performed a stepwise Cox regression
with the backward method. The full model consisted of the same clini-
cally meaningful variables from Table 1. A p value b .05 (two sided)
was considered to be statistically significant. Statistical analyses were
conducted using the IBM SPSS Statistics version 23.0 software package.

3. Results

During the study period 164 consecutively patients were treated
with ECMO and included in the analyses. Demographic data are pre-
sented in Table 1. Seventy-three patients (45%) had a hemorrhagic com-
plication, 16 (10%) patients had more than one hemorrhagic
complication. Themost prevalent hemorrhagic complicationswere sur-
gical site and cannula site bleeding (Table 2). The median time to the
first hemorrhagic complication was on day 1(IQR: 0–5 days) after initi-
ation of ECMO. Lethal hemorrhagic stroke occurred in four patients, in
three patients on the fifth day of treatment and in one case the bleeding
was on day 19. Of these four patients, onepatient had a severe thrombo-
cytopenia, therefore heparin was already withheld before the hemor-
rhagic stroke occurred, in one patient platelet count was 103 × 109

cells/L, but the aPTT was above range (100–120 s) for N12 h before the
event, while in the remaining two patients both the aPTT and platelet
countwerewithin range. Therewere 2 patients with a thromboembolic
Without hemorrhagic
complication, (n = 91, 55%)

With hemorrhagic
complication (n = 73, 45%)

p

51 (39–60) 51 (40.5–60.5) 0.75
34 (44%) 44 (56%) 0.87
26.6 (22.4–27.6) 24.9 (21.6–28.3) 0.92
21 (17–27) 23 (17–28) 0.61

0.01
31 (84%) 6 (16%)
12 (43%) 16 (57%)
12 (54.5%) 10 (45.5%)
3 (50%) 3 (50%)
27 (46%) 32 (54%)
6 (50%) 6 (50%)
48 (48%) 53 (52%) 0.01
63 (63%) 37 (37%) 0.03
51 (51%) 49 (49%) 0.19
31 (48%) 33 (52%) 0.15

poreal membrane oxygenation.



Table 2
Type hemorrhagic complications during ECMO treatment.

Site of bleeding First complication Median day (IQR) Second complication Median day (IQR)

Total 73 1 (0–5) 16 4 (1−10)
Surgical site bleeding, n (%) 45 (62) 0 (0–2) 12 (75) 3 (1–8)
Cannula site bleeding, n (%) 13 (18) 3 (0–7) 0
Pulmonary hemorrhage, n (%) 6 (8) 7 (2−11) 0
Gastrointestinal hemorrhage, n (%) 3 (4) 1 1 (6) 7
Intracranial hemorrhage, n (%) 2 (3) 4 2 (13) 12 (5–19)
Other bleeding, n (%) 4 (5) 7 (2–18) 1 (6) 44

IQR: interquartile range.
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stroke, that occurred on the 10th (aPTTwas 90 s in 24 h prior) and 19th
(aPTT was 54 s in 24 h prior) day of ECMO treatment both after having
had a previous hemorrhagic complication. There was one patient with
confirmed heparin induced thrombocytopenia who was switched to
argatroban treatment.

Outcomeparameters are shown in Table 3. In the groupwith hemor-
rhagic complications hospital survival was half (33%) as in the group
without hemorrhagic complications (67%) (p = .003). The majority of
patients (n = 139, 85%) had one or more RBC transfusions and 71 pa-
tients (43%) received platelets during ECMO support. Patients with
hemorrhagic complications receivedmore blood products than patients
without hemorrhagic complications. The median number of RBC units
or thrombocytes transfusedwhile on ECMOwas not significantly differ-
ent between VA and VV mode, but the median number of plasma units
transfused was significantly higher in the VA group (5 units) compared
with the VV group (0 units; p 0.01). Furthermore, central cannulation
was associated with higher requirements of total blood products (me-
dian 28 units) compared to peripheral cannulation (median 13 units,
p = .08) and this was solely due to more plasma transfusions (median
10 vs. 0; p 0.001). The median number of RBC units transfused while
on ECMOwashigher in thepatientswhodied regardless of ECMOmode.

A higher aPTT was associated with the occurrence of hemorrhagic
complications (adjusted HR per 10 s increase 1.14; (95% CI 1.05–1.24).
The adjusted hazard ratio per 10 × 109 platelets cells/L increase for
the occurrence of hemorrhagic complications was 0.97 (95% CI
0.94–1.01) (Table 4). With the stepwise backward regression analyses
we found that VA ECMO, duration of ECMO support, and higher aPTT
were independent risk factors for the occurrence of hemorrhagic com-
plications (Table 5). Platelets were not a statistical significant risk factor
for the occurrence of hemorrhagic complications (hazard ratio 0.96, 95%
CI 0.93–1.01).

4. Discussion

The main finding of our study is that mean aPTT in the 24 h prior is
associated with the occurrence of a hemorrhagic complication in
Table 3
Outcome parameters for patients with and without hemorrhagic complication.

Outcome parameters All patients,
n = 164

Pat
com

Duration of ECMO, days 4.4 (1.6–8.7) 3.04
Duration of mechanical ventilation, days 10.6 (3.2–20.7) 8.7
Length of ICU stay, days 15 (5–30) 14
Length of hospital stay, days 29 (11–63) 30
Successful weaning of ECMO, yes 98 (60%) 62
Survival to hospital discharge or transfer, n (%) 80 (49%) 54
aPTT 0-24 h before complication (seconds) 62 (47–80) 60
Platelets prior to complication (x 109 cells/L) 103 (64–165) 125
Total blood products/ECMO run, median 8 (3−22) 4 (1
Total RBC/ECMO run, median 6 (2–16) 3 (1
Total FFP/ECMO run, median 0 (0–5) 0 (0
Total platelets/ECMO run, median 0 (0–2) 0 (0

Data are shown as absolute values and percentages of the study population or their respective
ECMO: extracorporeal membrane oxygenation, ICU: intensive care unit, aPTT: activated partial
patients with ECMO support. Platelet count was not associated with
hemorrhagic complications. Risk factors for the occurrence of hemor-
rhagic complications are a higher aPTT, duration of ECMO, and VA
ECMO of which the latter is the most important. Another finding is
that the occurrence of hemorrhagic complicationsduring ECMOsupport
is frequent and has a negative impact on hospital survival. Reducing the
risk for hemorrhagic complications may therefore improve outcome of
ECMO treatment. Aiming for lower aPTT targets seems the most poten-
tial modifiable factor to achieve this.

Strong points of our study are that we have complete data including
a precise time to event, established ELSO definitions of bleeding, and
supporting laboratory measurements in a large cohort that includes
both VV and VA ECMO patients.

The high occurrence of hemorrhagic complications in our cohort is
most likely caused by the overrepresentation of postcardiotomy pa-
tients, which makes it difficult to compare our results to previous re-
ported incidences as most studies include a specific ECMO modality
(VA or VV). According to the ELSO registry the incidence of surgical
site bleeding is 10.5–20.2%, bleeding from the cannula site 13.2–18.5%
and hemorrhagic stroke 2.2–3.9% [1,11]. In a study with predominant
patients on VV ECMO 80% had a bleeding event, but only a few major
bleeding events occurred [4]. In a systematic review and meta-
analysis on anticoagulation in VV ECMO totaling 18 studies (n = 646)
the overall rate of hemorrhagic complications was 29% while major
bleeding across all studies was 10–16% [9,12]. In several studies of
adult patients on ECMO for cardiogenic shock the incidence for hemor-
rhagic complications varied between 15 and 63%. [5,13-15]. In a system-
atic review and meta-analysis on anticoagulation in VA ECMO totaling
26 studies (1496 patients) the summary prevalence of major bleeding
was 27% (95% CI 18%–35%),with considerable between-study heteroge-
neity. Major bleeding requiring reoperation was the most common
hemorrhagic complication [15]. The diversity in incidence may be due
to the different definitions of (major) bleeding and the mode of ECMO
support used in the studies. However, analysis of studies performed
after 2010 showed a declining rate of thromboembolic complications
and a stable rate of hemorrhagic complications [15]. Therefore, the
ients without hemorrhagic
plication, n = 91 (55%)

Patients with hemorrhagic
complication N = 73 (45%)

p

(1.4–7.6) 6.06 (2.0–14.4) 0.001
(2.6–16.5) 12.5 (5.7–27.6) 0.183
(4–28) 17 (6–34) 0.332
(11–63) 28 (9–62) 0.892
(63%) 36 (37%) 0.017
(67%) 26 (33%) 0.003
(45–72) 63 (49–90) 0.088
(74–176) 84 (54–145) 0.007
–8) 22 (11–41) b0.001
–6) 16 (6–29) b0.001
–2) 4 (0–15) b0.001
) 2 (0–4) b0.001

median and interquartile range.
thromboplastin time, RBC: red blood cells, FFP: fresh frozen plasma.



Table 4
Chance for hemorrhagic complications for aPTT and platelet count.

Variable Crude hazard ratio
(Confidence
Interval 95%)

Adjusted hazard ratioa

(Confidence
Interval 95%)

Mean aPTT 24 h prior (per 10 s) 1.13 (1.04–1.23) 1.14 (1.05–1.24)
Platelets on day of event (10 × 109/L) 0.95 (0.92–0.98) 0.97 (0.94–1.01)

aPTT: activated partial thromboplastin time.
a Adjusted for age, sex, APACHE II, mode of ECMO support, ECMO duration, and platelet

count or aPTT.
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improved design of ECMO systems and cannula's in recent years may
also have had a large impact on the occurrence of thromboembolic com-
plications, but not on hemorrhagic complications as anticoagulation tar-
gets pretty much remained unchanged.

Several factors have been postulated to be associatedwith the occur-
rence of hemorrhagic complications during ECMO support, including
higher aPTT on the day prior to the complication, a higher APACHE III
score at ICU admission, and post-surgical ECMO [3]. Fungal pneumonia
as indication for ECMO support was also postulated as risk factor for a
hemorrhagic complication [4]. Finally, loss of high-molecular-weight
von Willebrand factor multimers occurs in patients on ECMO. This ac-
quired von Willebrand's disease might also play a role in the bleeding
tendency [16].

Of these risk factors only administration of heparin as reflected by
the level of anticoagulation (aPTT target) is modifiable. Since strict
guidelines are lacking, there are huge differences in daily practice re-
garding the level of anticoagulation. In an international survey on
anticoagulation during ECMO support the aPTT target varied between
40 and 80 s for 80% of the participating centers, with the majority
using 60–80 s for VA-ECMO and 40–60 s for VV-ECMO [17]. Given the
association between aPTT and hemorrhagic complications the higher
aPTT target during VA ECMO support may in part explain the higher in-
cidence of hemorrhagic complications we and others foundwhen using
this ECMOmode. Our findings are in line with a retrospective cohort of
149 patients, mostly supported by VA ECMO, in two centers in which
the highest aPTT quartile on the day prior to the bleeding event was
shown to be an independent risk factor. In both groups platelet count
was above 100 × 109/L. [5]. In a retrospective analysis of 59 patients
(83% on VV ECMO) there was no significant difference in aPTT on days
with a bleeding event compared to days without [4]. A single center
study in which 123 patients undergoing VV ECMOwere retrospectively
reviewed compared three sequential eras of anticoagulation strategy:
activated clotting time (ACT: 160–180 s), high aPTT (60–80 s), and
low aPTT (45–55 s). Both major bleeding and thromboembolic events
were statistically significantly lower with a low aPTT target compared
to the two other strategies [18]. The pilot study, endorsed by the inter-
national ECMO network, randomizing patients between therapeutic
heparin (aPTT 50–70 s) to a low dose heparin protocol (aPTT b45 s)
showed that it was possible to achieve a significant difference in daily
aPTT and anti-Xa levels during the ECMO run. After subgroup analyses
the difference in anticoagulation targets was only accomplished in pa-
tients on VV ECMO. In this small study (n=32) there was no difference
in bleeding [10].
Table 5
Risk factors for hemorrhagic complications based on stepwise backward Cox regression.

Variable Hazard ratio (CI 95%) p

ECMO mode of support, VA 2.89 (1.66–5.04) b0.001
Mean aPTT 24 h prior (per 10 s) 1.11 (1.04–1.23) 0.003
Duration of ECMO, days 0.97 (0.94–0.99) 0.037

Variables entered on step 1: Sex, Age, APACHE II, ECMO mode of support, Duration of
ECMO, Mean aPTT 24 h prior, Platelets on day of event.
CI: confidence interval, ECMO: extracorporeal membrane oxygenation, VA: venoarterial,
aPTT: activated partial thromboplastin time.
In a small open label randomized study in 10 patients on VV ECMO
evaluating a non-titrating, weight-based heparin scheme to a standard
titration regime it was shown that the weight-based schema appeared
to be safe in preventing circuit thrombotic complications. The median
aPTT was significantly lower 38 vs. 48 s but did not result in a differ-
ences in transfused RBC's or documented bleeding complications [19].
In a study evaluating conventional ACT (180–220 s) vs. lower ACT
(140–160 s) in a group with both VA and VV ECMO patients lower
ACT targets led to significantly less transfusion of blood products, less
major bleeding events and less bleeding-related deaths. However, the
corresponding aPTT’ s were 129.1 vs. 79.7 s, which are very high targets
in our opinion [20].

Our study has several limitations. First, this is a single-center retro-
spective study. Sowe can only explore the association between risk fac-
tors and hemorrhagic complications. However, our data are very
detailed on timing of hemorrhagic complications and the corresponding
aPTT and platelet count without missing values. Although our study in-
volves more patients than previous reports, given the heterogeneity
among patients on ECMO support it is still a relatively small population.
In our hospital the mode of ECMO does not lead to a different
anticoagulation target which might limit generalizability to centers
that do have different targets for VV and VA ECMO. We do not have in-
formation on the amount of heparin infused because it is not docu-
mented automatically in our hospital we cannot extract this
information reliably for this study. Also we do not routinely use anti
Xa, platelet function analysis, rotational thromboelastometry or
thromboelastography in our ICU,whichmight have provided additional
information. Several authors suggest using a more comprehensive as-
sessment of clot dynamics. The rotational thromboelastometry and
platelet function analysis was used in a small prospective study in
VAD and ECMO patients. This study showed that decreased maximum
clot firmness in rotational thromboelastometry was associated with
bleeding [21]. However another study using the rotational
thromboelastometry did show that VV ECMO leads to a continuous in-
crease in clotting time and a decrease in maximum clot firmness the
longer ECMO lasts, but bleedings events could not be predicted [22].
In our center we did not measure parameters of von Willebrand factor
or give vonWillebrand factor concentrate so its contribution to hemor-
rhagic complications could not be estimated.We did not look systemat-
ically at thrombotic events other than thromboembolic stroke in our
cohort. There were only two patients with a thromboembolic stroke
but thismay be underestimated in case of sedated patientswith discrete
symptoms. Furthermore, we did not take oxygenator exchanges into ac-
count, butwe did not have any acute pump stops or emergency oxygen-
ator exchanges in this cohort.

5. Conclusions

Higher aPTT is associated with the occurrence of hemorrhagic com-
plications in patients on ECMO. Besides aPTT, risk factors for the devel-
opment of hemorrhagic complications are VA-ECMO mode and
duration of ECMO support. A prospective study must answer the ques-
tion if reduced anticoagulation targets diminish hemorrhagic complica-
tions without an increase in thromboembolic complications or a
negative impact on outcome.
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