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Effects of shorter activated coagulation time on hemorrhage
during venoarterial extracorporeal membrane oxygenation
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ABSTRACT

BACKGROUND

Extracorporeal membrane oxygenation (ECMO) has been used for decades, but optimal
anticoagulation control remains unknown. This study aimed to compare shorter target acti-
vated coagulation time (ACT) criteria with the usual target ACT criteria in terms of compli-
cations.

METHODS

We retrospectively identified patients who received ECMO between 1 January 2013 and 31
December 2018 in an acute tertiary care hospital. Patients were divided into two groups: (I)
those whose target ACT was 160-180 sec and (II) those whose target ACT was 180-220 sec.
Cox proportional hazard models and Fine-Gray models adjusted for propensity score to
account for the competing risk of death were used to compare the incidence of hemorrhage
during ECMO between the groups.

RESULTS

We identified 74 patients, 25 of whom were managed with target ACT 160-180 sec, and 49
of whom were managed with target ACT 180-220 sec. In crude analysis, the proportions of
patients with hemorrhage in the under 180-sec group were significantly more than those in
the over 180-sec group [60.0% (15/25) vs. 28.6% (14/49), p = 0.009]. Shorter target ACT was
not associated with hemorrhage during ECMO in either Cox regression (hazard ratio, 1.67;
95% confidence interval, 0.59-4.80; p = 0.336) or Fine-Gray model (hazard ratio, 1.58; 95%
confidence interval, 0.64-3.91; p = 0.324).

CONCLUSIONS

The shorter ACT target was not associated with improved hemorrhage and inappropriate
coagulation than the usual target ACT criteria. This study is the first to compare the ACT
target of patients with ECMO.
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SHORTER ACT MANAGEMENT DURING ECMO

INTRODUCTION

xtracorporeal membrane oxygenation (ECMO)
E has been used for decades in the setting of severe
cardiac and respiratory failure in the intensive
care unit (ICU) [1, 2]. Because ECMO circuits are arti-
facts, anticoagulants are needed to prevent blood clot-
ting. However, anticoagulants also tend to induce bleed-
ing. Therefore, maintaining an appropriate level of
anticoagulation is important. Anticoagulants such as
unfractionated heparin, direct thrombin inhibitors, and
nafamostat mesylate have been used during ECMO sup-
port for preventing blood clots [3, 4]. Unfractionated
heparin is the current international standard anticoagu-
lant during ECMO. However, the ideal strategy for moni-
toring anticoagulation is unknown [5].

The Extracorporeal Life Support Organization (ELSO)
guidelines recommend that the doses of anticoagulants
are controlled using activated clotting time (ACT) [1]. A
previous survey investigating the current practices in
anticoagulation during ECMO showed that the most pre-
ferred method for anticoagulation monitoring is the
serial measurement of ACT. The most commonly
reported target ACT range is 180-200 seconds [6]. A pre-
vious study reported an ACT range of 250-299 seconds
during carotid stenting was associated with lower com-
bined events (death, stroke, or acute myocardial infarc-
tion) and reduction of major bleeding events compared
with an ACT range of 300-350 seconds [7]. Another
study reported that the appropriate ACT for peripheral
artery intervention remains unknown [8].

ELSO recommends the use of unfractionated heparin
and targeting the ACT of 180-220 seconds [1]. The rec-
ommendation was made depending on limited evidence
and expert opinions [9, 10]. The appropriate targeted
ACT remains unknown.

This study aimed to compare two target ACT settings
concerning complications: under 180 seconds and over
180 seconds.

METHODS

DATA SOURCE
This was a retrospective cohort study. We obtained
patient data from electronic health records at Asahi
General Hospital in Chiba Prefecture, Japan. Asahi
General Hospital is an acute tertiary care hospital.
Because of the retrospective nature of the study, the
need for obtaining patient consent was waived. Informed
consent was obtained in the form of an opt-out option on

the website.
This study was approved after the review of the institu-
tional boards of Asahi General Hospital.

PATIENT SELECTION

We included patients aged =18 years who received
ECMO due to cardiogenic shock in the ICU from 1
January 2013 to 31 December 2018. All patients received
unfractionated heparin for anticoagulation. The ACT was
measured every 3 hours and adjusted according to the
dose of unfractionated heparin as per protocol. ECMO
was managed in accordance with ELSO guidelines.

We excluded patients whose ACTs were not measured
or whose records were incomplete. There were no
patients whose source of bleeding was present at the start
of ECMO. Patients that had hemorrhage were excluded.

Patients were divided into two groups: (I) Group with
a target ACT of 160-180 second (the under 180-second
group) and (II) Group with a target ACT of over 180-220
seconds (the over 180-second group). Because ACTs were
measured using hemochron®, the appropriate ACTs rec-
ommended by the ELSO guidelines are 180-220 seconds.

BASELINE CHARACTERISTICS AND OUTCOMES

Baseline characteristics were age and sex; etiology,
history of hypertension, hypercholesterolemia, and
diabetes mellitus; receipt of anticoagulants, antiplatelet
agents, and proton pump inhibitors; transfusion of red
blood cells, fresh-frozen plasma, and platelet concentrate;
use of intra-aortic balloon pumping; and receipt of con-
tinuous renal replacement therapy before the target ACTs
were set.

The primary outcome was the occurrence of hemor-
rhage during ECMO, defined as hemorrhage caused by
the introduction of ECMO, gastrointestinal bleeding,
trunk bleeding (intrathoracic bleeding, intraabdominal
bleeding, or retroperitoneal bleeding), airway bleeding,
or intracranial hemorrhage during ECMO support. The
secondary outcome was the complication by inappropri-
ate coagulation, defined as ECMO circuit exchange due
to coagulation, or thrombosis of the extremities.

STATISTICAL ANALYSIS

We generated a propensity score to adjust for individual
variables [11]. We used the following variables to derive
the propensity score: age, sex, etiology, history of hyper-
tension, hypercholesterolemia, and diabetes mellitus;
smoking status; use of proton pump inhibitors, H2-
blockers, or antiplatelet agents; transfusion of fresh-
frozen plasma, red blood cell, or platelet concentrates;
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and receipt of continuous renal replacement therapy, use
of intra-aortic balloon pumping.

We compared the incidence of hemorrhage between
the target ACT in the under 180-second group and the
target ACT in the over 180-second group using three sur-
vival analyses: log-rank test, Cox proportional hazard
models adjusting for propensity score, and Fine-Gray
models.

Fine-Gray models were used for determining nonfatal
study outcomes to account for the competing risk of
death, which is high in this population [12-14]. The
absence of a violation of the proportional hazard assump-
tion was determined using Schoenfeld residuals and found
no violation of the proportional hazard assumption.

We conducted a sensitivity analysis without blood
transfusions, drug administration, or any performed pro-
cedures. Subgroup analysis with or without antiplatelet
therapy was conducted to determine the effect of plate-
let drugs.

Data of the baseline characteristics of the study popu-
lation were described using proportions for categorical
variables and means with SDs for continuous variables.
Differences between groups were tested using the chi-
square test for categorical variables and t-test for continu-
ous variables, depending on the nature of the distribu-
tion. A P value of less than 0.05 was considered to
indicate statistical significance. All analyses were per-
formed using STATA 16.0 (STATA Corp, College Station,
TX, USA).

RESULTS

We included 74 patients who received venoarterial (VA)-
ECMO, including 25 patients whose target ACT was
160-180 seconds and 49 patients whose target ACT was
180-220 seconds. All patients were Japanese.

To determine the difference between target and actual
ACTs, actual ACTs were calculated in both groups. The
actual ACT in the under 180-second group in days 1 and
2 were 189 [interquartile range (IQR), 161-236] and
175.5 seconds (IQR: 152.7-191.7), respectively. The
actual ACT in the over 180-second group in days 1 and 2
were 214.6 (IQR, 174.8-240.5) and 187.4 seconds (IQR,
168.9-203.7), respectively.

Table 1 shows patients’ baseline characteristics. There
were no differences between the two groups in terms of
age (62.9 £ 15.8 vs. 63.4 + 16.5), etiology (acute myocar-
dial infarction 47% vs. 48%, arrhythmia 26% vs. 20%,
heart failure 8% vs. 12%, pulmonary embolism 2% vs.
0%, myocarditis 4% vs. 8%, and others 12% vs. 12%), use
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of antiplatelet drugs (55% vs. 68%), use of anticoagulant
drugs (12% vs. 16%), use of intra-aortic balloon pumping
(86% vs. 84%), transfusion of red blood cells [92%
(23/25) vs. 82% (40/49)], transfusion of fresh frozen
plasma [56% (14/25) vs. 61% (30/49)], transfusion of
platelet concentrates [12% (3/25) vs. 27% (13/49)], and
perfusion at a temperature below 36°C by target tempera-
ture management [88% (22/25) vs. 69% (34/49)]. None of
the baseline characteristics differed significantly between
the groups. Table 2 shows the number of cases in each
type of bleeding and the time from ECMO induction
to bleeding.

In the crude analysis, the proportions of patients with
hemorrhage in the under 180-second group were signifi-
cantly more than those of patients in the over 180-second
group [60.0% (15/25) vs. 28.6% (14/49), p = 0.009]. The
incidence of complications by inappropriate coagulation
in the under 180-second group was one, and that in the
over 180-second group was zero (4.0% vs. 0.0%, p =
0.472) (Table 3). There was no difference in mortality
between the groups (84.0% vs.79.6%, p = 0.647). The log-
rank test showed that there was no difference in the rate
of hemorrhage between the groups (log-rank p = 0.076).

Cox regression adjusted using propensity score showed
that there was no difference in the rate of hemorrhage
[hazard ratio (HR), 1.67; 95% confidence interval (CI),
0.59-4.80; p = 0.336] (Table 4). Fine-Gray models
adjusted using propensity score demonstrated that there
was no difference in the rate of hemorrhage (HR, 1.58;
95% CI, 0.64-3.91; p = 0.324) (Table 4). There was no
significant difference in the proportions of complications
of hemorrhage and inappropriate coagulation between
the two groups.

Sensitivity analysis without blood transfusions, drug
administration, or performed procedures showed no sig-
nificant differences between the two groups in either the
Cox regression (HR, 1.53; 95% CI, 0.66-3.57; p = 0.474)
or Fine-Gray (HR, 1.55; 95% CI, 0.70-3.43; p = 0.215)
models. Furthermore, Cox analysis with antiplatelet ther-
apy demonstrated no significant differences (HR, 0.88;
95% CI, 0.29-2.75; p = 0.83), while subgroup analysis
without antiplatelet therapy demonstrated a significant
difference (HR, 105.0; 95% CI, 0.39-28139.82; p = 0.03,
14 cases).

DISCUSSION

This study investigated the incidence of hemorrhage and
inappropriate coagulation in patients with ECMO in the
under 180-second group and the over 180-second group.
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Table 1 Baseline characteristics of the study population
ACT 160-180 sec (n = 25) ACT 180-220 sec (n = 49) P

Age, years (SD) 63.4 (16.5) 62.9 (15.8) 0.89
Sex (male), n (%) 20 (80.0) 34 (69.4) 0.33
Etiology, n (%) 0.91

Acute myocardial infarction 12 (48.0) 23 (46.9)

Arrhythmia 5(20.0) 13 (26.5)

Heart failure 3(12.0) 4(8.2)

Pulmonary Embolism 0(0.0) 1(2.0)

Myocarditis 2(8.0) 2 (4.1)

Others 3 (12.0) 6 (12.2)
Hypertension, n (%) 8(32.0) 21 (42.9) 0.37
Diabetes mellitus, n (%) 10 (40.0) 25 (51.0) 0.37
Dyslipidemia, n (%) 15 (60.0) 29 (59.2) 0.95
Smoking status, n (%) 15 (45.5) 18 (24.4) 0.06
Use of proton pump inhibitors, n (%) 24 (96.0) 45 (91.8) 0.50
Use of H2 blockers, n (%) 3 (12.0) 3(6.1) 0.38
Use of antiplatelet drugs, n (%) 17 (68.0) 27 (55.1) 0.29
Use of anticoagulant drugs, n (%) 4 (16.0) 6 (12.2) 0.66
Use of continuous renal replacement therapy, n (%) 17 (68.0) 27 (55.1) 0.29
Use of intra-aortic balloon pumping, n (%) 21 (84.0) 42 (85.7) 0.85
Transfusion of red blood cell, mL (SD) 1394 (990) 2006 (2354) 0.24
Transfusion of fresh frozen plasma, mL (SD) 1560 (1056) 1828 (2143) 0.66
Transfusion of platelet concentrates, mL (SD) 267 (115) 492 (452) 0.42

Table 2 Number of cases experiencing each bleeding type and the time from ECMO induction to bleeding
ACT160-180 sec ~ ACT 180-220  Median (days) Interquartile Range (days)
Airway bleeding, n 2 2 3.5 1-5
Trunk bleeding, n 2 2 3 1-4
Intragastric bleeding, n 5 3 1.5 1-2
Catheter insertion site bleeding, n 6 6 2 2-3
Unknown, n 0 1 1 1
Total of ACT 160-180 group 15 3 2-4
Total of ACT 180-220 group 14 2 1-2
Table 3 Statistical analysis for thrombosis of the extremities Table 4 Primary outcome of statistical analysis
Proportions (number of cases with thrombosis of the Hazard ratio 95% confidence interval
extremities/total number of cases) P
Main analysis
4.0% (1/25) vs. 0.0% (0/49) a2 Cox regression 1.67 0.59-4.80
Fine-Gray model 1.58 0.64-3.91
Sensitivity analysis
Cox regression 1153 0.66-3.57
Fine-Gray model 1.55 0.70-3.43
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There was no difference in the rates of complications of
hemorrhage and inappropriate coagulation.

There is no consensus on the current practices of anti-
coagulation during ECMO.

The ELSO guidelines recommend the target ACT of
180-220 seconds in patients with ECMO. ACT can be
affected by factors such as the dose of unfractionated
heparin, anemia, hypofibrinogenemia, thrombocytope-
nia, and other coagulation factor deficiencies because
ACT can provide an accurate reflection of a patient’s
overall anticoagulation state [1]. However, hypothermia,
hemodilution, and many factors can also affect ACT. Fur-
thermore, in previous studies, different ACT devices have
been shown to yield divergent results, and the values of
ACT were highly variable [1, 15].

There was no difference in the rates of complications of
inappropriate coagulation and hemorrhage in this study.
The possible reason for this is the use of antiplatelet
agents. There was no difference in the proportion of use
of antiplatelet agents. The use of antiplatelet agents may
have contributed to the incidence of hemorrhage. Sub-
group analysis revealed a significant difference in the
group not using antiplatelet drugs because of its small
sample size.

Another possible reason is that the ACT results varied
regardless of the setting of the target ACT. The difference
in the target ACT between the two groups was too small
to detect the effect of setting a target ACT under 180-
seconds. Although the actual ACTs were not within the
target range on day 1, many actual ACTs were found to
be within the target range on day 2. Thus, it is possible
that the small difference in target and actual ACTs
between the two groups is the reason for the non-
significant results. Another possible reason is the target
temperature management with a perfusion temperature
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