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Background: During veno-venous extracorporeal membrane oxygenation (VV-ECMO), systemic
anticoagulation is required to prevent thrombotic complications within the circuit and oxygenator. The
unfractionated heparin (UFH) is commonly administered as a standard anticoagulant, but in our institute
recombinant human thrombomodulin (rhTM), instead of UFH, is used as an anticoagulant for VV-ECMO.
In the present study, we reviewed whether rthTM could be applied effectively and safely as an anticoagulant
agent during VV-ECMO.

Methods: All 15 patients with severe respiratory failure on VV-ECMO were analyzed retrospectively. The
following data were collected: age, gender, underlying disease, APACHE-II score, SOFA score, Japanese
association for acute medicine (JAAM) DIC score, the usage of anticoagulants, time course of coagulation-
related parameters during ECMO, hemorrhagic and thrombotic complications.

Results: The median age of the patients was 73 years. The median JAAM DIC score at day 0 was 5 points,
indicating that 13 patients were diagnosed with DIC at the initiation of VV-ECMO. The total number of
days of VV-ECMO runs combined was 193 days, with a median duration of VV-ECMO of 9 days. Among
the 15 VV-ECMO runs, rhTM was used as monotherapy in 5 runs, and a combination of rhTM and
(antithrombin) AT was used in 8 runs. UFH was used in combination with rhTM in only 2 runs. Median
ACT and aPTT remained a little longer than normal range over the course of the 14 days of a VV-ECMO
run. Bleeding events were observed in 6 cases (40%) and no major thromboses were observed in all patients.
Conclusions: In this retrospective study, we analyzed 15 patients with severe respiratory failure who were
administered rhTM as an anticoagulant during VV-ECMO and found that anticoagulation therapy with
rhTM is maybe a feasible option which allows for effective and safe VV-ECMO.
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Introduction

Veno-venous extracorporeal membrane oxygenation (VV-
ECMO) is a rescue therapy for severe respiratory failure
which is widely used in many institutes around the world.
VV-ECMO has been shown to improve survival in patients
with severe acute respiratory distress syndrome (ARDS)
in a randomized clinical trial (RCT) (1). It was also used
to treat patients with severe respiratory failure during the
influenza pandemic of 2009 with a high rescue rate (2).
A recent RCT reported that VV-ECMO did not achieve
a significant reduction in mortality between the control
group and the ECMO group. However, 28% of the patients
in the control group in the RCT crossed over to ECMO for
ethical reasons, and post-hoc sensitivity analysis considering
the patients crossed over to ECMO in the control group
showed a benefit in favor of ECMO group (3).

Technological advances and the accumulation of clinical
experience have led to a broader application of VV-
ECMO for patients with severe respiratory failure (4).
During VV-ECMO, contact of blood with a nonbiologic
surface activates thrombotic and inflammatory responses.
Thus, systemic anticoagulation therapy is considered
in order to prevent circuit malfunction and thrombosis.
The Extracorporeal Life Support Organization (ELSO)
guidelines recommend the use of unfractionated heparin
(UFH), targeting an activated partial thromboplastin
time (aPTT) of 1.5 times the baseline (roughly 50-
70 seconds) or an activated clotting time (ACT) of 1.5
times the baseline (180-220 seconds) (5). However,
many studies have reported that coagulation tests used to
guide anticoagulation therapy are imprecise, and that the
targeted ranges of ACT and aPTT during the use of UFH
vary markedly among institutes and attending physicians
(6-9).

Thrombomodulin (TM) is a physiologic anticoagulant
produced in endothelial cells. In Japan, recombinant human
soluble TM (rhTM) has been developed and widely used
to treat disseminated intravascular coagulation (DIC).
rhTM binds directly to thrombin and inactivates it, and
a complex of thrombin and rhTM strongly promotes the
anticoagulative activity of protein C (10). Antithrombin
(AT) is also frequently used for treating DIC, although
supplementing AT during ECMO is not recommend unless
the AT-III activity falls below the normal range (5). Critical
patients who need VV-ECMO often develop complications
including multiple organ failure and coagulopathy such as
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DIC. In our institute, when a patient is diagnosed with DIC
at the initiation of VV-ECMO, the administration of rh'TM
is considered as an anticoagulation therapy for both VV-
ECMO and DIC. In the present study, we retrospectively
assessed the acceptability of rh'TM as an anticoagulant for
use during VV-ECMO.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1487) (11).

Methods

The present study was approved by the institutional review
board of the Medical Faculty of Oita University (No.
1461) and the need for informed consent was waived. This
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). We received no specific
grant from any funding agency. Patients with severe
respiratory failure who received VV-ECMO were selected
from a database of patients admitted to the intensive
care unit of Oita University Hospital between January
2012 and December 2017. Exclusion criteria were age
under 18 years, no administration of rh'TM during VV-
ECMO, and use of other mechanical circulatory support
devices [e.g., left ventricular assist device (LVAD)]. In all
patients, VV-ECMO was initiated as a rescue therapy to
treat hypoxia under conventional mechanical ventilation
according to ELSO guidelines (5). Patients who received
renal replacement therapy (RRT) were also included in the
present study.

rh'TM was administered during VV-ECMO in patients
diagnosed with DIC [i.e., Japanese Association for Acute
Medicine (JAAM) DIC score >4 points] (Table 1) (12).
Antithrombin (AT) was administered when AT-III activity
fell below 70%. Dosages of rh'TM and AT were determined
according to the manufacturers’ recommendations.

VV-ECMO was initiated by passing two NSH heparin-
coated cannulas (PCKC-V and PCKC-A; Senko Medical
Instrument Manufacturing Co. Ltd., Tokyo, Japan) through
the femoral vein (22-24 Fr) and internal jugular vein (16—
18 Fr). The blood flow of VV-ECMO was maintained at
>2.5 L/min. Data were obtained at days 0, 3, 7, 10, and 14
from the database and included platelet counts, prothrombin
time-international normalized ratio (PT-INR), aPTT, AT-
IIT activity, fibrin/fibrinogen degradation products (FDP),
plasmin-o2-plasmin inhibitor complex (PIC), thrombin-
antithrombin complex (TAT), and ACT. We also collected
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Table 1 JAAM DIC scoring system

Variables Score

Systemic inflammatory response syndrome criteria
=3 1
0-2 0
Platelet counts (x10%/uL)

<8.0, or a more than 50% decrease within 24 hours 3

>8.0, <12.0 or a more than 30% decrease within 1

24 hours

>12.0 0
PT-INR

>1.2 1

<1.2 0
FDP (ug/mL)

>25 3

10-<25 1

<10 0

4 points or more, diagnosed as DIC. JAAM, Japanese Association
for Acute Medicine; DIC, disseminated intravascular coagulation;
PT-INR, prothrombin time-international normalized ratio; FDP,
fibrin/fibrinogen degradation products.

data regarding dosages and administration durations of
rhTM, AT, and UFH during VV-ECMO; calculated Acute
Physiology and Chronic Health Evaluation-1I (APACHE-II)
scores, Sequential Organ Failure Assessment (SOFA) scores,
Murray scores, and JAAM DIC scores at day 0. Missing
values were scored as 0. We also recorded and analyzed
hemorrhagic and thrombotic complications during VV-
ECMO.

A high hemoglobin target of 12-14 g/dL and platelet
count target of more than 50,000/mm’ were used to
optimize oxygen delivery and prevent hemorrhagic
events. Transfusion of packed red blood cell and platelet
concentrates was performed at the discretion of attending
physicians.

Statistical analysis

Data are presented as median and interquartile ratio
(IQR) or numbers, as appropriate. Differences in each
coagulation-related parameter between days 0, 3, 7, 10 and
14 were evaluated using the Friedman test. P<0.05 was
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considered statistically significant. Statistical analysis was
carried out using Statflex Statistical Software version 7.0
(Artech Co, Ltd., Osaka, Japan).

Results

A total of 18 serial VV-ECMO runs in 18 patients were
identified between January 2013 and December 2017. Of
these, 15 runs in 15 patients were analyzed after excluding
2 patients with LVAD use and 1 patient who was not
administered rh'TM during VV-ECMO.

Baseline characteristics are summarized in Table 2.
Median age of patients was 73 years. All patients suffered
from severe respiratory failure with high Murray scores
(median: 3 points). Median APACHE-II and SOFA scores
at day 0 were 28 and 11 points, respectively, suggesting
that multiple organs were impaired in all the patients at
the time of VV-ECMO initiation. The median JAAM DIC
score at day O was 5 points, indicating that 13 patients were
diagnosed with DIC at the time of VV-ECMO initiation.
The remaining 2 patients also met the DIC criteria after the
start of ECMO.

The total number of days of all VV-ECMO runs
combined was 193 days, with a median duration of VV-
ECMO of 9 days IQR: 7-18). The maximum and minimal
durations of VV-ECMO were 22 and 6 days, respectively.
Continuous renal replacement therapy (CRRT) was
performed in all patients at some point during VV-ECMO
to treat renal dysfunction. All patients were followed up to
the termination of VV-ECMO and the maximum follow-up
day was 22 days.

Anticoagulation therapy

Among the 15 VV-ECMO runs, rhTM was used as
monotherapy in 5 runs, and a combination of thTM
and AT was used in 8 runs. UFH was administered in
combination with rhTM in only 2 runs (7able 3). The
median dosage of rhTM was 130 units/kg/day. During
the combined total of 193 VV-ECMO days, rh'TM was
used for 139 days but not for the remaining 54 days due
to bleeding events or lack of DIC. The dosage of AT
was 1,500 units/day, and the total number of days of
administration was 45 days. UFH was administered for
only 13 days (Table 4). Nafamostat mesilate (NM) was
administered at a dosage of 20-30 mg/hour while CRRT
was performed as renal support therapy.
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Table 2 Baseline characteristics

Variables

Values (total n=15)

Age (year)

Gender (male/female), n

APACHE Il score at day 0

SOFA score at day 0

Murray score at day 0

JAAM DIC score at day 0

Baseline disease
Interstitial pneumonia, n
Aspiration pneumonia, n
Pneumocystis pneumonia, n
Septic ARDS, n
Drug-induced pneumonia, n
Fungal pneumonia, n

ECMO days/patient

Total ECMO days

Days in ICU

ICU survival, n

Hospital survival, n

CRRT (yes/no)

73 (69 t077)
10/5
28 (25 to 31)
11 (10 to 13)
3 (310 3.27)
5(4to6)

N NN N

9 (7 t0 18)
193
14 (9 to 23)
6
4
18/0

Values are presented as median (25th/75th percentile). n,
numbers; APACHE-II, Acute Physiology and Chronic Health
Evaluation-Il; SOFA, Sequential Organ Failure Assessment;
JAAM DIC, Japanese Association for Acute Medicine-DIC
score; ARDS, Acute respiratory distress syndrome; ECMO,
Extracorporeal membrane oxygenation; CRRT, Continuous renal

replacement therapy.

Table 3 Anticoagulation therapy on VV-ECMO

Anticoagulant n
rhTM only 5
rhTM + AT 7
rhTM + UFH 1

rhTM + AT + UFH 2
Total 15

VV-ECMO, veno-venous extracorporeal membrane oxygenation;
rhTM, recombinant human thrombomodulin; AT, antithrombin;

UFH, unfractionated heparin.
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Coagulation-related parameters

As mentioned above, JAAM DIC scores were >4 points
in 13 patients at the time of VV-ECMO initiation, and
decreased platelet counts, prolonged PT-INR, and
increased FDP were observed at day 0. According to ELSO
guidelines, the use of UFH is recommended to maintain
ACT or aPTT at 1.5 times the normal value. In the present
study, median ACT and aPTT remained within the ranges
of 138-158 seconds and 41.1-48.2 seconds, respectively,
over the course of the 14 days of a VV-ECMO run, a little
longer than normal range, respectively. FDP levels did not
change significantly over time, suggesting that no major
thromboses were formed in the VV-ECMO circuit or
in patients. Other parameters also showed no significant
changes throughout the course of VV-ECMO (Table 5). We
had no missing values of the variables in all patients during
VV-ECMO.

Hemorrbagic and thrombotic events

Bleeding complications were observed in 6 patients (40%)
(Table 6). Severe intracranial hemorrhage occurred in 1
of 2 patients who were administered rh'TM and UFH
concurrently, leading to discontinuation of VV-ECMO.
Gastrointestinal bleeding occurred in 2 patients who were
simultaneously administered rh'TM and AT, but bleeding
was stanched endoscopically in both cases. In cases where
bleeding occurred, anticoagulants were discontinued
temporarily as long as the ECMO flow was maintained, and
restarted after hemostasis was confirmed. The VV-ECMO
circuit and oxygenator were visually inspected on a daily
basis, but no major thrombosis formation was observed

during all 15 VV-ECMO runs.

Discussion

In this retrospective study, we demonstrated that thTM
is an acceptable anticoagulant for patients on VV-ECMO
and can be used as an alternative to UFH. To the best of
our knowledge, this is the first study to report on the use
of rth'TM during VV-ECMO. Moreover, the incidence of
bleeding complications was not as high as those reported
previously, and there were no cases of evident thrombosis.
ELSO guidelines recommend that UFH be considered as
an anticoagulant during VV-ECMO (5). UFH, the most
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Table 4 Dosages and days of anticoagulant administration during VV-ECMO

Yasuda et al. rhTM on VV-ECMO

Anticoagulant (total: 193 days) Dosages/day Days of administration
rhT™M 130 (130-380) units/kg 139
AT 1,500 units 45
UFH 10,000 (5,000-12,500) 13

VV-ECMO, veno-venous extracorporeal membrane oxygenation; rhTM, recombinant human thrombomodulin; AT, antithrombin; UFH,

unfractionated heparin.

Table 5 Changes over time of coagulation-related parameters for VV-ECMO

ECMO run days

P value
0 3 7 10 14
Number of patients 15 15 13 7 5 -
Platelet counts (x10%/uL) 6.6 (4.1-11.7) 7.2 (3.4-8.5) 7.6 (2.7-10.2) 5.8 (3.2-7.9) 5.0 (4.7-5.2) 0.33
PT-INR 1.22 (1.14-1.33) 1.08 (1.05-1.13) 1.13 (1.05-1.20) 1.14 (1.09-1.21) 1.11 (0.99-1.16) 0.32
aPTT (sec) 48.2 (38.3-66.6)  43.4 (33.1-49.4)  41.2 (34.2-59.0)  41.1(38.2-53.2)  44.5 (39.7-46.4) 0.17
ATII (%) 75.5 (53.7-87.0)  97.4 (81.0-126) 81.7 (74.0-106.0) 62.5(61.5-84.4) 101 (73.7-109.0) 0.34
FDP (ug/mL) 21.1(10.9-31.9)  13.6 (6.9-22.1) 10.1 (7.8-15.8) 18.0 (9.7-20.4) 10.9 (9.5-18.6) 0.15
PIC (pg/mL) 1.3 (0.6-1.6) 1.55 (0.67-2.47) 0.9 (0.6-2.2) 1.5 (0.8-3.1) 1.4 (0.7-2.8) 0.15
TAT (ng/mL) 6.4 (4.1-8.9) 6.25 (4.3-10.1) 7.4 (6.2-13.9) 6.1 (5.8-33.2) 6.2 (5.1-9.4) 0.23
ACT (sec) 158 (143-172) 149 (138-151) 137 (130-150) 144 (141-149) 142 (139-145) 0.88

VV-ECMO, veno-venous extracorporeal membrane oxygenation; PT-INR, prothrombin time-international normalized ratio; aPTT, activated
partial thromboplastin time; AT-lll, antithrombin Ill; FDP, fibrinogen/fibrin degradation products; PIC, plasmin-a2-plasmin inhibitor complex;

TAT, thrombin-antithrombin complex; ACT, activated clotting time.

Table 6 Bleeding complications during VV-ECMO

Anticoagulation therapy

Site of bleeding

rhTMonly rhTM + AT  rhTM + UFH
Intracranial, n - - 1
Gastrointestinal, n - 2 1
Surgical site, n 1 - 1

VV-ECMO, veno-venous extracorporeal membrane oxygenation;
rhTM, recombinant human thrombomodulin; AT, antithrombin;
UFH, unfractionated heparin.

common anticoagulant used in patients on VV-ECMO
worldwide, can be titrated easily and reversed when
necessary. According to ELSO guidelines, UFH therapy
should target an ACT of 1.5 times the normal value (roughly
180-220 seconds) (5). However, ACT was reported to
be influenced by hemodilution and thrombocytopenia,
and low dosages of UFH did not correlate with ACT and
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aPTT (6). Moreover, target values of coagulation variables,
as well as their dosages in anticoagulation therapy, vary
among institutes (7-9).

The results of the present study demonstrate that
anticoagulation therapy using rh'TM on VV-ECMO is
acceptable in clinical settings. Bleeding complications were
comparable with those observed in previous studies, and
increases in FDP were small throughout the course of VV-
ECMO, suggesting that no major thromboses formed
during anticoagulation therapy.

rh'TM was developed in Japan and has been widely
used as an anticoagulant to manage DIC since 2008. It
binds directly to and inactivates thrombin. Moreover, a
complex of thrombin and rhTM strongly promotes the
anticoagulative activity of protein C. A phase III RCT of
rhTM demonstrated that rhTM can significantly improve
DIC and alleviate bleeding symptoms in DIC patients,
compared with UFH (10). Hayakawa et 4/. reported that the
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administration of rhTM significantly reduced mortality in
patients with septic DIC (13). Currently, a phase III RCT
is being conducted worldwide to evaluate the efficacy of
rhTM in patients with sepsis and DIC, although a recent
study found no effect of thTM on mortality (14).

In the present study, AT was administered in
combination with rh'TM in 9 patients (60%). ELSO
guidelines suggest that AT-III activity be maintained
within the normal range when UFH is administered, as
the effect of UFH may otherwise be reduced (5). AT is
also frequently used for treating DIC. In an RCT of AT
in patients with severe sepsis, although the overall analysis
failed to detect a beneficial effect of AT therapy, a subgroup
analysis of patients treated without concomitant UFH
showed a significant reduction in mortality (15). Gando
et al. reported that, relative to the control group, AT
therapy improved recovery rates from DIC (16). In Japan,
the use of AT is considered when AT-III activity falls below
70%; 9 patients in the present study met this criterion and
were administered AT for 5 days in accordance with the
manufacturer’s instructions.

In the present study, UFH was used only in 3 of 15
patients (20%) during VV-ECMO. In our institute, VV-
ECMO has been performed for severe respiratory failure
since 2013. Initially, UHF was used as the standard
anticoagulant in accordance with ELSO guidelines, with
additional anticoagulants (e.g., thTM and AT) administered
when patients were diagnosed with DIC. However, 1 patient
developed severe brain hemorrhage as a complication of
VV-ECMO with UFH and rh'TM, requiring termination of
VV-ECMO. Since that incident, our institute has stopped
using UFH as an initial anticoagulant for VV-ECMO when
patients meet the JAAM DIC criteria; these patients are
instead administered rhTM for DIC throughout the course
of VV-ECMO.

The lack of laboratory targets to evaluate the adequacy
of anticoagulation, such as ACT and aPTT in the case of
UFH, is a concern when using rh'TM with VV-ECMO.
rhTM does not directly inhibit coagulation factors and has
little influence on ACT and aPT'T. Thus, these laboratory
variables are not useful for confirming the adequacy of
anticoagulation. We carefully monitor thrombus formation
in the VV-ECMO circuit and signs of thrombus formation
in patients, such as elevated FDP. In the present study,
however, none of the patients showed a marked increase
in FDP levels during the course of VV-ECMO, and there
was no evidence of major thrombus formation in the VV-
ECMO circuit.
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Another concern is that the half-life of rhTM is 20 hours,
and no reversal drugs, such as protamine for UFH,
have been developed (17). Therefore, we anticipated a
difficulty in controlling bleeding complications. Bleeding
complications were noted in 6 of the 15 VV-ECMO
runs (40.0%). Among the complications was severe
intracranial hemorrhage in a patient who was administered
UFH in combination with rh'TM. The combination of
rhTM and UFH may increase bleeding risk, but the risk
of these anticoagulants administered together was not
assessed in the present study due to the limited sample
size. Other cases of bleeding were managed by stanching
and discontinuation of anticoagulants, allowing for
continuation of VV-ECMO. Bleeding and thrombotic
complications on ECMO are common and have a
significant impact on patient outcomes (18). Combes
et al. reported that bleeding events occurred in 46% of
the patients with VV-ECMO (3). One meta-analysis that
reviewed 12 studies with 1,763 adult patients on ECMO
found a bleeding complication rate of 33% (19). In a large
retrospective review of 21,845 pediatric cardiac patients
requiring ECMO, hemorrhagic complications occurred
in 8,480 patients (39%) (20). Panigada er a/. reported that
3 patients (25%) complicated major bleeding, which was
lower than 40% in our results. However, the mean platelet
counts in their study were relatively high during VV-
ECMO, compared with our results (21). Similar to their
results, there were no significant differences on clinical
data between bleeding group and no-bleeding group in the
present study. In the database of ELSO, incidence rates of
cannulation-site, surgical-site, gastrointestinal, and cerebral
hemorrhagic events in adults with respiratory failure were
14%, 11%, 6%, and 4%, respectively (22). In our patients,
while no evident bleeding events were observed at the
cannulation site, and bleeding at surgical sites was noted
in only 1 patient, the rate of gastrointestinal bleeding
events was relatively high. The bleeding complication
rate (40%) in the present study seems to be similar to the
previous studies reported, however our sample size is so
limited that the bleeding risk of rh'TM during VV-ECMO
must be further evaluated by accumulating more data. In
our patients, no evident thrombotic events were found,
but Rastan er al. showed there is a high rate of clinically
unrecognized venous thromboembolism and systemic
thromboembolic events, suggesting that the incidence
of thrombotic events in ECMO may be underreported
when relying on clinical evaluation alone (23). CRRT
was performed at some point during all VV-ECMO runs.
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During CRRT, NM was administered in the CRRT circuit
as an anticoagulant. Given that the half-life of NM is
reported to be roughly 5-8 minutes (24), the possibility of
NM influencing the systemic anticoagulative effect cannot
be completely excluded.

Our results suggest that thTM may also provide an
option for anticoagulation management in patients with
heparin-induced thrombocytopenia (HIT) or heparin
resistance. In patients with HI'T, anticoagulation therapy
is usually performed using argatroban or bivalirudin (8).
rhTM can be considered a potential alternative in
anticoagulation therapy during ECMO in this patient
population.

The present study has some limitations worth noting.
First, this study used a single-center retrospective design,
and unknown confounders may have affected our results.
Second, large-scale, prospective RCTs will be needed to
confirm that rh'TM is an acceptable anticoagulant for VV-
ECMO. Third, since we did not examine the volume of
transfusion during VV-ECMO, the impact of transfusion
rates on bleeding events is unclear. Finally, in recent years,
the complication of venous thrombosis after VV-ECMO
has been reported (25). Although none of our patients
showed markedly elevated FDP levels, we did not screen
for thrombus formation after VV-ECMO by contrast-
enhanced computed tomography (CT). It is not clear that
our results can be applied to other institutes or patients
with other underlying diseases. The present study should be
considered as a preliminary report, thus further randomized
controlled studies are needed to confirm the acceptability
and safety of rh'TM on VV-ECMO in place of UFH.

Conclusions

The present study analyzed 15 patients with severe
respiratory failure who were administered rh'TM as
an anticoagulant during VV-ECMO and found that
anticoagulation therapy with rhTM is an acceptable option
which allows for effective and safe VV-ECMO.
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