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Abstract Background Unfractionated heparin is used to prevent coagulation activation in patients
undergoing extracorporeal membrane oxygenation (ECMO) support. We designed this
study to determine the preferable indicator for anticoagulation monitoring.
Methods We conducted a retrospective study and divided the patients into an
activated coagulation time (ACT)-target group and an activated partial thromboplastin
time (aPTT)-target group. The correlations between ACT, aPTT, and the heparin dose
were explored.
Results Thirty-six patients were included (19 aPTT-target and 17 ACT-target patients); a
total of 555matched pairs of ACT/aPTTresults were obtained. The correlation between the
ACTandaPTTmeasurementswas rs¼ 0.518 inall 555pairs. TheBland–Altmanplot showed
data points outside the displayed range (51.2–127.7), suggesting that the agreement
between ACT and aPTT was poor. The aPTT group had fewer heparin dose changes
(2.12�0.68 vs. 2.57�0.64, p¼0.05) anda lower cumulative heparin dose (317.6� 108.5
vs. 396.3� 144.3, p¼0.00) per day than the ACT group. Therewas no difference in serious
bleeding (9 vs. 5; p¼0.171) or embolismevents (3 vs.3; p¼1.0) or in the redblood cell and
fresh frozen plasma transfusion volumes between the ACT- and aPTT-target groups.
Similarly, there was no significant difference in the ECMO duration (9 [4–15] days vs. 4
[3–14] days; p¼0.124) or length of ICU hospitalization (17 [5–32] days vs. 13 [4–21] days;
p¼0.451) between the groups.
Conclusion The correlation between ACT and aPTT and the heparin dose was poor.
The aPTT group had fewer daily heparin dose changes and a lower cumulative heparin
dose per day than the ACT group, with no more bleeding and thrombotic events.
Therefore, we recommend aPTT rather than ACT to adjust heparin dose in the absence
of better monitoring indicators.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a life-
support method that provides respiratory and circulatory
support for patients with respiratory failure, with or without
heart failure.1 It is being increasingly used in the adult
patient population. The management and technology of
ECMO support have made significant progress in recent
years. Nevertheless, mortality rates of patients with ECMO
therapy remain as high as 38 to 42% in venovenous (VV)2,3

and 59 to 71% in venoarterial (VA) ECMO cohorts.2

During extracorporeal life support (ECLS), the exposure of
the patient’s blood to the artificial, nonendothelialized sur-
faces of an extracorporeal circuit leads to increased initiation
of coagulation, cellular activation, and increased inflamma-
tion, which disrupts the normal homeostasis of patients who
are already seriously ill. In addition, the shear stress and
turbulence of this process further promote this activation,
along with platelet or fibrin deposition at both high and low
shear forces.4 Therefore, anticoagulation therapy is needed
to keep the extracorporeal circuit unobstructed, without
causing bleeding or thrombosis in the patients receiving
ECMO support. Although other agents have been used, the
overwhelmingmajority of international experience and data
on ECMO have recommended the use of heparin anticoagu-
lation for its advantages of low price, titratability, and
reversibility.5

Despite the advances in the monitoring techniques and
the treatment of abnormal coagulation cascades during ECLS,
bleeding and thrombosis are still major complications that
may be associated with morbidity and mortality related to
ECMO. Approximately 27 to 60% of the ECMO patients
experience hemorrhage,6–8 while the true incidence of
thromboembolic complications is unclear. Autopsy studies
have suggested that the occurrence of these complications is
underestimated.9 The most recent annual Extracorporeal
Life Support Organization (ELSO) report indicated that near-
ly 13% of ECMO patients had clots that developed in the
oxygenator. Central nervous system infarction was reported
to occur in up to 3.5% of patients.10

Nevertheless, the guidelines issued by the ELSO do not
recommend any specific anticoagulation target for patients
with VA or VV ECMO. Each ECMO program must develop a
method to monitor the anticoagulant effect of unfractio-
nated heparin to make it most effective for the patients at
their own centers.11 Suggestions were made to monitor the
effectiveness of heparin using activated coagulation time
(ACT), with a target level of 180 to 200 seconds, or activated
partial thromboplastin time (aPTT), with a prolongation of
the target to 50 to 80 seconds.12 Recent Chinese guidelines
indicate maintaining the ACT in the range of 140 to
220 seconds.13

ACT and aPTT are the most commonly used metrics to
assess anticoagulation during ECMO because of their ease of
automation, accessibility, and relatively low cost. Unfortu-
nately, the assays use different reagents and are affected by
several biological factors that do not reflect the heparin
activity. The main disadvantages include the constantly

fluctuating results, which necessitate multiple-dose adjust-
ments and blood samples and delay the achievement of the
treatment goals.14 There are other indicators for monitoring
the anticoagulant effects, including anti-factor Xa and
thromboelastography, but they may have disadvantages in
certain circumstances. The results from these assays can vary
among the different research centers, among patients with
different diseases, and even in the same patient at different
times.

The clinical monitoring of heparin anticoagulation during
ECMO has several important limitations. Most hospitals,
including ours, can only monitor ACT and aPTT. Based on
our observation and experience, monitoring ACT and aPTT
may lead to different effects. Therefore, we designed a study
to determine which indicator is preferable. The purposes of
our study were (1) to verify the correlation between aPTT
and ACT and the relationship of these two variables with the
heparin dose and (2) to compare the risk of bleeding and
embolism between aPTT and ACT monitoring.

Patients and Methods

Study Design
We conducted a retrospective study of 36 adult patients who
received VV or VA ECMO treatment between October 2019
and October 2020 in a single center in Shandong Province,
China. VV ECMO provides respiratory support for patients,
while VA ECMO provides both respiratory and hemodynamic
support. The study protocol was reviewed and approved by
the Qingdao University Research Ethics Board
(QYFYWZLL26348).

Patients were eligible for the study if they needed ECMO
support, had not started taking heparin, and did not meet
any of the following exclusion criteria: age under 16 years,
death within 24hours, pregnancy, refusal to have blood
transfusions, any contraindication to heparin, or fewer
than five pairs of corresponding ACT and aPTT
measurements.

Before March 2020, we adjusted the heparin dosage for
ECMO-treated patients to maintain an ACTof 160 to 180 sec-
onds for VV ECMO and 180 to 200 seconds for VA ECMO
patients. These values were lower than those that have been
recommended by previous guidelines because we have ob-
served that these values could maintain effective anticoagu-
lationwithout bleeding. However, we observed that ACTwas
highly variable, even when the heparin dose was not
changed. Therefore, after March 2020, we switched to a
policy of maintaining the aPTT ratio at a target value of 2
to 3; we continued to monitor the ACTwhile monitoring the
aPTT. On that basis, patients were placed into the ACT-target
group or the aPTT-target group. In accordance with our
protocol, ACT and aPTT were measured every 4 hours.
When the circuit had changed or when the patient’s clinical
condition had changed, additional testing was required.

The ACT was obtained at the bedside using ACTALYKE
MINI (Helena Laboratories, USA) containing an activator
cocktail of glass particles, kaolin, and cellulite. The aPTT
was measured in the laboratory Synth ASil (colloidal silica
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and synthetic phospholipid activator) reagent on an ACL
TOP700 CTS (Instrumentation Laboratory, Bedford, USA).

Complications Related to ECMO Anticoagulation
Treatments
Bleeding events were defined according to the ELSO defini-
tion12: we defined an event as a bleeding event if there was
clinically overt bleeding recorded in themedical and/or nursing
charts in association with either the administration of two or
more red blood cell (RBC) units within 24hours or when there
was a decrease in hemoglobinmore than 2g/Lwithin 24hours;
if a patient developed a hemothorax, central nervous system or
retroperitoneal bleeding; or if the bleeding required an inter-
vention. If the same primary source continued to bleed during
consecutive days, those days were considered part of the same
bleeding event. When a patient had more than one bleeding
source on the same day, this was also recorded.

Thromboembolic complications, including deep venous
thrombosis, ischemic stroke, intracardiac thrombus, pulmo-
nary embolism, and membrane circuit clotting requiring a
membrane change, were collected from the medical records.

RBC transfusion was given to patients to maintain a
hemoglobin concentration above 7 g/dL. Prophylactic blood
products were not routinely given for coagulation abnormal-
ities, with the exception of patients with severe thrombocy-
topenia (<50,000 platelets/mm3). In the case of bleeding,
patients received platelets to maintain a platelet count of
80,000/mm3, fresh frozen plasma to maintain an interna-
tional normalized ratio of less than 1.5 or a percentage
prothrombin time greater than 70%, and cryoprecipitate or
fibrinogen concentrate to maintain a fibrinogen plasma
concentration of 1.5 g/L. The number of blood transfusions
given to each patient was collected from our electronic
medical record system.

Data Collection and Quality Control
The following data were obtained: (1) baseline character-
istics—sex, age, APACHE II score, primary disease on ECMO
treatment, and ECMOmode; (2) anticoagulation monitoring
—aPTT, aPTTratio,matchedACT andheparin doses, and other
coagulation-related measurements (such as platelets, anti-
thrombin III, and fibrinogen); (3) other treatment—anti-
platelet drugs, renal replacement therapy, blood
transfusion volume; (4) outcomes—bleeding events, throm-
botic events, mechanical ventilation duration, length of ICU
stay in days, length of hospital stay in days, ECMO duration,
and mortality.

At each time point, we recorded the ACT and aPTT values
and the corresponding heparin dose of each ECMO patient.
We explored the correlations between ACT, aPTT, and hepa-
rin through all of the abovementioned data. All data were
collected electronically on an electronic clinical report form.

Statistical Analysis
Descriptive statistics, including the medians and interquar-
tile ranges (IQRs) or the counts and percentages, were
calculated for all variables. Baseline comparisons were per-
formed using chi-square tests (to test for equal proportions)

for the categorical data, with independent t-tests for contin-
uously normally distributed variables and with Wilcoxon’s
rank-sum tests in all the other data, with results reported as
the n (%), mean (standard deviation), or median (IQR). We
also performed a subgroup analysis of the VV and VA.

To investigatethecorrelationsbetweenACT,aPTT,andheparin
dose, the pairs for all of the patientswere plotted on scatter plots,
a bivariate analysis was carried out, and the Spearman product-
moment correlation coefficient was calculated. Bland–Altman
plots were constructed with the 95% confidence intervals (CIs)
that are shown. All analyses were performed using SPSS 20.0.
Statistical significance was defined as p<0.05.

Results

Basic Characteristics of the Study Participants
A total of 36 patientswere included in the study, including 28
male patients (77.8%). Twenty-six patients (72.2%) received
VA ECMO therapy. Nineteen patients were in the aPTT-target
group, and 17 patients were in the ACT-target group. There
were no differences in sex, age, or the APACHE II score
between the two groups (see ►Table 1).

Comparison of ACT and aPTT

Correlation between the ACT and aPTT and the Heparin
Dosage
From the 36 patients included in the study (19 aPTT-target
and 17 ACT-target patients), a total of 555 matched pairs of
ACT and aPTT results were obtained, which were plotted on
scatter plots, as shown in ►Fig. 1. A bivariate analysis was
carried out, and the Spearman product-moment correlation
coefficient was calculated.

The correlation between the ACT and aPTTmeasurements
was rs¼0.518 in the overall set of 555 pairs. In the VV ECMO
patients, 202 pairs were included, with a correlation coeffi-
cient of rs¼0.507. The correlation coefficient was rs¼0.511
in the 353 matched pairs from the VA ECMO patients. The
correlations between aPTT and heparin dosage were rs
¼0.407, rs¼0.494, and rs¼0.316 in the overall, VV ECMO,
and VA ECMO groups, respectively, whichwere stronger than
those between the ACT and heparin dosage (►Table 2).

To further directly compare the aPTT and ACT, a Bland–
Altman plot was drawn from the mean and difference of the
ACT and aPTT (shown in►Fig. 2). The data points outside the
displayed range suggest that the agreement between ACT
and aPTT is poor.

Patient Outcomes

Comparison of the Heparin Dose between the Two
Groups
We compared the times of the heparin dose changes per day
between the two groups. The aPTT group had fewer changes
than the ACT group (2.12�0.68 vs. 2.57�0.64, p¼0.05). The
cumulative heparin dose per day between the two cohorts
was also compared and was calculated as U/kg�d. All of the
data were collected except the bleeding period. The aPTT
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group took less heparin than the ACT group (317.6�108.5 vs.
396.3�144.3, p¼0.00; ►Table 3).

Bleeding and Thromboembolic Events in the ACT-Target
and aPTT-Target Groups
Among the 36 patients included in the study, 14 patients
experienced bleeding, and 6 patients experienced throm-
boembolic events. As bleeding events are more likely to
occur in patients with a longer duration of ECMO, the data
were presented as “bleeding events per day of ECMO.”
There was no difference between the ACT- and aPTT-target

groups in the incidence of bleeding or embolism events.
However, the bleeding incidence of aPTT-target patients
was lower than that of ACT-target patients (26.3 vs.
52.9%; ►Table 3).

Gastrointestinal bleeding (6 patients) and retroperitoneal
hematomas (4 patients) were the most common among the
14 patients with bleeding. One case of fatal brain hemor-
rhage occurred, and heparin was stopped in one patient
because of severe puncture-site bleeding.

Table 1 Baseline characteristics of the included patients

Variables All patients
(n¼ 36)

ACT target
(n¼17)

aPTT target
(n¼19)

p

VV ECMO 10 6 4

VA ECMO 26 11 15

Gender (male) 28 14 (82.4%) 14 (73.7%) 0.414

Antiplatelet therapy 20 7 (41.2%) 13 (68.4%) 0.096

CRRT 22 11 (63.7%) 11 (57.9%) 0.470

Age (years) 55.89� 16.42 60.42�14.65 50.82� 17.21 0.080

APACHE II score 20.69� 8.74 20.79�6.40 22.18� 7.88 0.564

Abbreviations: ACT, activated coagulation time; APACHE II score, Acute Physiology and Chronic Health Evaluation II Score; aPTT, activated partial
thromboplastin time; CRRT, continuous renal replacement therapy; VA ECMO, venoarterial extracorporeal membrane oxygenation; VV ECMO,
venovenous extracorporeal membrane oxygenation.
Notes:
"n" refers to numbers of subjects.
p refers to the difference between the ACT target and aPTT target cohorts, and the p-value was calculated by the chi-square test.
"þ/� " refers to mean þ/� standard deviation.

Fig. 1 Graph showing the relationship between activated coagula-
tion time (ACT) and activated partial thromboplastin time (aPTT).

Table 2 Correlations between ACT, aPTT, and the heparin dosage

All
n¼555

ACT target
n¼ 262

aPTT target
n¼293

VV ECMO
n¼ 202

VA ECMO
n¼ 353

r p r p r p r p r p

ACT and aPTT 0.518 0.000 0.485 0.000 0.536 0.000 0.507 0.000 0.511 0.000

ACT and heparin dosage 0.165 0.000 0.132 0.000 0.310 0.000 0.310 0.000 0.033 0.349

aPTT and heparin dosage 0.407 0.000 0.570 0.000 0.320 0.000 0.494 0.000 0.316 0.000

Abbreviations: ACT, activated coagulation time; aPTT, activated partial thromboplastin time; VA ECMO, venoarterial extracorporeal membrane
oxygenation; VV ECMO, venovenous extracorporeal membrane oxygenation.

Fig. 2 Bland–Altman graph based on activated coagulation time
(ACT) and activated partial thromboplastin time (aPTT). The y-axis
shows the difference in ACT and aPTT, and the x-axis shows the mean
of ACT and aPTT. The mean difference between ACT and aPTT was
89.5.
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Transfusion and Circuit Data in VA ECMO Recipients
In our study, there were no differences in the blood transfu-
sion volume, ECMO duration time, mechanical ventilation
time, or length of hospital stay between the two groups of VA
ECMO recipients (see ►Table 4).

Discussion

ECMO is a key technology for the treatment of cases of severe
heart failure and respiratory failure that are difficult to
control with conventional strategies. Since the first ECMO
patient in 2015, the number of cases has gradually increased.
We routinely monitored ACT and aPTT when the patients
were on anticoagulation therapy, and sometimes we mea-
sured the thromboelastography as needed. Anti-Xa is not
routinely monitored due to its high cost and complicated
techniques, which are available only in a few laboratories.
The purpose of our research was to study the correlation

among ACT, aPTT, and heparin to evaluate the safety and
effectiveness of ACT and aPTT monitoring.

In our study, despite a moderate degree of positive
correlation between ACT and aPTT in the Spearman analysis,
the Bland–Altman plots showed a large dispersion. There has
always been controversy about the correlation between the
two indicators. Cunningham et al15 reported a similar result
as ours, with a moderate degree of positive correlation
between APR and N-ACT (rs¼0.55). Simko et al considered
that both the aPTT and ACT are clinically useful for the
monitoring of heparin therapy and that the ACT is theoreti-
cally equally as useful as the aPTT,16 In Smythe et al’s study,17

the correlation between the ACT and aPTT results ranged
from r¼0.64 to 0.67, which was higher than our result. The
different results may be related to the different conditions of
the patients and anticoagulant targets. For instance, patients
with respiratory failure may have different etiologies
that lead to varying degrees of multiple-organ failure and

Table 3 Comparison of the outcomes between the two groups

Variables ACT target
n¼ 17

aPTT target
n¼19

p

Times of heparin changes (time/day) 2.57� 0.64 2.12�0.68 0.050

Cumulative heparin dose
U/(kg�d)

396.3� 144.3 317.6�108.5 0.00

Serious bleeding eventa 9 (0.049�0.077) 5 (0.018� 0.041) 0.196

Thrombotic events 3 (17.6%) 3 (15.8%) 1.0

In-hospital mortality 4 (23.5%) 5 (26.3%) 0.577

ECMO duration (days) 10 (8, 15) 7 (3, 14) 0.083

Mechanical ventilation duration (days) 9 (4, 16) 8 (3, 17) 0.645

ICU hospitalization (days) 17 (10, 33) 13 (8, 21) 0.274

Total hospitalization (days) 22 (13, 42) 20 (14, 29) 0.303

Abbreviations: ACT, activated coagulation time; aPTT, activated partial thromboplastin time; ECMO, extracorporeal membrane oxygenation; ICU,
intensive care unit.
aNine patients in the ACT-target group and five patients in the aPTT-target group experienced serious bleeding events. As bleeding events are more
likely to occur in patients with a longer duration of ECMO, the data were presented as “bleeding events per day of ECMO” in brackets.
Note: Since the above values (ECMO duration, mechanical ventilation duration, ICU hospitalization, and total hospitalization) are not normally
distributed, the interquartile range is shown in brackets.

Table 4 Transfusion and circuit data in the VA ECMO patients

Variables ACT target
n¼ 11

aPTT target
n¼ 15

p

RBC transfusion volume (U) 10 (4.0–18.5) 4.0 (1.5–16) 0.297

FFP transfusion volume (mL) 2,040 (1,140–4,890) 1,000 (0–2,560) 0.113

ECMO duration (days) 9 (4–15) 4 (3–14) 0.124

Mechanical ventilation duration (days) 6 (3–13) 4 (3–14) 0.658

ICU hospitalization duration (days) 17 (5–32) 13 (4–21) 0.451

Total hospitalization duration (days) 22 (18–32) 19 (16–28) 0.938

Abbreviations: ACT, activated coagulation time; aPTT, activated partial thromboplastin time; ICU, intensive care unit; FFP, fresh frozen plasma; RBC,
red blood cell; VA ECMO, venoarterial extracorporeal membrane oxygenation.
Notes:
RBC transfusion volume: the number of transfused red cell concentrates.
FFP transfusion volume: the volume of FFP.
Since the above values are not normally distributed, the interquartile range is shown in bracket.
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complications, such as sepsis. The additional levels of com-
plexity lead to intra- and interindividual variation.18

Changes in the blood composition, the platelet count and
function, and the levels of coagulation and inflammatory
factors also affect the monitoring results in a slightly differ-
ent fashion.19

Both the ACT and aPTT had a poor correlation with the
heparin doses, although the heparin doses were more
strongly correlated with aPTT than with ACT. These results
are similar to those of previous studies.17,20 In terms of the
changes in the heparin dose, the aPTT-target group had
fewer daily heparin dose changes and fewer cumulative
daily heparin dosages, indicating that aPTT monitoring
could achieve a more stable effect with a lower dose, while
there were no significant increases in the number of
complications of bleeding and embolism. Studies that
have compared the heparin dose and adjustment in patients
with ECMO are rare. Smythe et al showed that the clinical
decisions that were guided by the ACT results differed more
than one-third of the time from the clinical decisions that
were guided by the aPTT results.17 This might be because
ACT is a whole blood–based measurement technique that
has no exclusive sensitivity to unfractionated heparin and is
not capable of differentiating between the affecting varia-
bles.21 ACT was unable to differentiate between low and
therapeutic levels of anticoagulation when using the aPTT
as the reference.20

Bleeding may occur in any part of the body, such as the
intubation or catheter insertion site, the respiratory tract,
the digestive tract, the urinary tract, the brain, the skin and
mucous membranes, or a surgical incision. The rate of major
bleeding in our study was 38.9%, which is higher than the
27% rate that was reported in a previous systematic review
(95% CI, 19–36%; I2¼91%).22 In Sy et al’s study, major
bleeding requiring reoperation was the most commonly
reported event, followed by intracranial hemorrhage and
cannula-site bleeding. Otherwise, the most common bleed-
ing sites in our study were gastrointestinal and retroperi-
toneal, and we found only one patient in which
anticoagulation needed to be stopped due to bleeding at
the puncture site, which may be related to the fact that all of
our patients were internal medicine patients, and this study
excluded those patients who had just undergone cardiopul-
monary bypass surgery.

In our study, four patients developed retroperitoneal
hematomas (RPH) that occurred a few days after ECMO
initiation, but these events appeared unrelated to ECMO
cannulation (one VV ECMO recipient and three VA ECMO
recipients). A RPH during ECMO management is rarely
reported. Anticoagulants, antiplatelet therapy, and chronic
renal failure may be risk factors for a spontaneous RPH.23 As
reported by Yamamura et al,24 one possible mechanism of
RPH occurs when the patient has been in a restrained supine
position for a long time, resulting in the compression of the
posterior side of the affected muscle. Another possible
mechanism is the iliopsoas muscle strain that occurs during
routine patient care, and this is unknown to nurses and
patients.25

Thrombosis is one of the most common and dangerous
complications during ECMO support. Deep vein thrombo-
sis, ischemic cerebral infarction, and membrane circuit
clotting are the most common embolic events; the true
incidence is underestimated due to the invisibility of
embolism. The majority of reported thrombosis cases in
our study were deep vein thrombosis, possibly because it
is relatively easy to detect. The oxygenators and tubes
were changed for two patients, both of who were ACT-
target patients, due to the presence of thrombosis in their
oxygenators. One aPTT-target patient developed an intra-
cardiac thrombosis with a size of approximately 10 cm
�0.7mm. Fortunately, the thrombosis disappeared after
active anticoagulant therapy, and the patient was weaned
from ECMO at 2 weeks.

In our study, there were no differences in the blood
transfusion volume, ECMO duration time, mechanical venti-
lation time, or length of hospital stay between the two
groups. Mazzeffi et al reported that aPTT-guided anticoagu-
lation therapy is associatedwith a reduction in the number of
blood transfusions byapproximately 30%.26 In a case series of
adults and children, an increase in the use of blood products
was an independent risk factor that affected the prognosis of
patients.27,28 We failed to reach this conclusion, probably
because we had fewer data, fewer cases, and larger differ-
ences in the transfusion volume. In addition, patients in
different medical conditions may have different thresholds
for blood transfusion. For instance, in patients with hypoxia,
their hemoglobin levels may be increased to 10 g/L or higher
to improve their oxygen supply.

Limitations
Our research has some limitations. First, the sample size was
small, making it difficult to draw conclusions about which
anticoagulation program is safer andmore effective. The data
recorded before 2019 were incomplete and could not be
included in the study. Second, this is a retrospective study,
and further RCTs are needed to analyze the correlations
between ACT, aPTT, and heparin, as well as their relationship
with bleeding and embolism events. Third, anticoagulation,
bleeding, and embolization events are affected by a variety of
factors, including the platelet counts and function and AT3,
and the influence of these factors cannot be excluded in our
study.

Conclusion

In our study, the correlation between ACT and aPTT and the
heparin dose was poor, but compared with ACT, patients
who were monitored using aPTT had fewer daily heparin
dose changes and fewer cumulative heparin doses per day.
There was no difference between the ACT and aPTT moni-
toring in terms of bleeding, embolism events, blood trans-
fusion volume, ECMO duration, mechanical ventilation
time, or length of hospital stay. aPTT appears to be a
more reliable indicator than ACT in the anticoagulant
monitoring of ECMO patients in the absence of other better
indicators.
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Our results should be applied with caution when gener-
alized for other ICUs or other settings. Centers should
develop their own anticoagulation protocols based on indi-
vidual differences.

What is known about this topic?
Bleeding and thrombosis are common complications of
anticoagulant therapy in ECMO patients. Eachmonitoring
method of heparin anticoagulation during ECMO has
limitations. Each ECMO program must develop a method
to monitor the anticoagulant effect of unfractionated
heparin tomake it most effective for patients at their own
centers.

What does this paper add?
There was a moderate positive correlation between ACT
and aPTT, both of which had a poor correlation with
heparin dose. There was no difference between the two
monitoring methods in complications such as bleeding
and embolism.
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