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1 | INTRODUCTION

Lung transplantation is the only potentially life-saving ther-
apy in a selected number of patients with typical end-stage

Abstract

Extracorporeal membrane oxygenation (ECMO) is gaining importance in the
perioperative management of lung transplant patients. To date, the ideal substance
for anticoagulation of ECMO patients is still a matter of debate. In this study, we
describe our experience with the use of low molecular weight heparin (LMWH) in
comparison with unfractioned heparin (UFH) in lung transplant patients undergo-
ing perioperative ECMO support. We retrospectively analyzed data from all lung
transplant patients who underwent perioperative ECMO support at our institution
between 2013 and 2017. Bleeding events served as primary outcome parameter.
Secondary outcome parameters consisted of thromboembolic events. 102 patients
were included in this study, of which 22 (21.6%) received UFH for anticoagulation,
and 80 (78.4%) received LMWH. There was no difference between the two groups in
regard to serious bleeding events (22.7% in the UFH group vs 12.5% in the LMWH
group, P = .31). However, the proportion of patients experiencing thromboembolic
events was significantly higher in the UFH group than in the LMWH group (50% vs
20%, P = .01). After adjusting for baseline differences between the two groups, we
still observed a difference with respect to thromboembolic events. These data remain

to be validated in future prospective, randomized trials.
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lung diseases.' Extracorporeal membrane oxygenation
(ECMO) is gaining importance in the intra- and periop-
erative management of lung transplant patients, for exam-
ple, as preoperative bridge-to-transplant or postoperative
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bridge-to-recovery in case of primary organ malfunction or
prophylactic prolongation in high-risk patients.3_5 Common
complications of ECMO therapy include bleeding events as
well as thromboembolic events.® A number of factors play
a role in disturbing the fragile balance between bleeding
and thrombosis during ECMO support and can thus lead to
hemorrhagic as well as thromboembolic complications.”*
To date, the ideal strategy for anticoagulation during ECMO
therapy remains unclear; however, the Extracorporeal Life
Support Organization (ELSO) guideline on anticoagula-
tion primarily suggests the use of unfractioned heparin
(UFH).>!!

In intensive care medicine, low molecular weight hep-
arins (LMWH) have replaced UFH in most indications
due to a number of beneficial characteristics, such as pre-
dictable pharmacokinetics and no need for routine drug
monitoring.lz’13 Safety and efficacy of LMWH for anti-
coagulation of extracorporeal circuits have been shown in
the setting of renal replacement therapy.'*'* Data on the
use of LMWH for anticoagulation during ECMO remain
scarce with a single study evaluating LMWH in prophy-
lactic dosage for anticoagulation of 60 nonsurgical ECMO
patients.16

At our institution, LMWH has been the substance of
first choice for anticoagulation of ECMO patients since
2010. As per local protocol, it is given in a half-therapeutic
dose regimen split into 2 X 0.5 mg enoxaparin/kg body-
weight/day. However, UFH is still being used at the
discretion of the attending intensive care physician. Thus,
the aim of our study was to retrospectively compare the
risk of hemorrhagic and thromboembolic events in lung
transplant patients undergoing perioperative ECMO
anticoagulated with LMWH versus those anticoagulated
by means of UFH.

2 | PATIENTS AND METHODS

This investigator-initiated, retrospective, observational
cohort study was conducted at the Medical University of
Vienna, Austria, a tertiary care center. The study was per-
formed in accordance with the Declaration of Helsinki, ap-
proved by the ethics committee of the Medical University
of Vienna (EK1017/2017) and registered at the German
Clinical Trials Register (DRKS00013593). The design and
conduct of the study followed the STROBE checklist for
cohort studies.

2.1 | Procedures

Patients included in this study underwent one of four types of
perioperative ECMO support:

 WILEY-L®
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e preoperative ECMO (ie, the ECMO was implanted pre-
operatively at the intensive care unit [ICU] as bridge-to-
transplant and successfully discontinued in the operating
room at the end of lung transplantation.)

e pre- and postoperative ECMO (ie, the ECMO was im-
planted preoperatively at the ICU as bridge-to-transplant
and the patient was readmitted to the ICU postoperatively
with ongoing ECMO support.)

e prolonged ECMO (ie, the ECMO was implanted intraoper-
atively and the patient was admitted to the ICU postopera-
tively with ongoing ECMO support.)

e postoperative ECMO (ie, patient requiring de novo ECMO
implantation in the early postoperative period.)

The decision for ECMO support was made on an in-
dividual basis by attending intensive care physicians and
thoracic surgeons. According to the indication of ECMO
therapy, a venoarterial or venovenous system was implanted
either surgically or percutaneously. A heparin-coated sys-
tem was used in all cases. During implantation of ECMO,
all patients received a bolus of UFH. Subsequently, anti-
coagulation with subcutaneous enoxaparin or intravenous
UFH was started at the intensivist's discretion in consul-
tation with the thoracic surgeons according to the patients'
individual risk of bleeding. Generally, anticoagulation was
started either immediately (preoperative ECMO) or within
24 hours after surgery, given there was adequate hemostasis
(prolonged or postoperative ECMO). As per local protocol,
LMWH was given in a fixed half therapeutic dose regimen
of 2 x 0.5 mg enoxaparin/kg bodyweight/day without guid-
ance by antiXa values. Dosing of UFH was guided by at
least twice daily measurements of activated partial throm-
boplastin time (APTT) aiming for goal values of 1.5 times
the baseline value.

2.2 | Data collection

All patients who underwent lung transplantation at our
institution between 2013 and 2017 were screened for
the use of perioperative ECMO. According to the anti-
coagulation used, patients who underwent perioperative
ECMO support were divided into two groups: those an-
ticoagulated by means of subcutaneous administration of
LMWH and those anticoagulated by UFH administered
intravenously.

Baseline demographic and clinical data were recorded on
the day when anticoagulation for ECMO support was started
with either subcutaneous LMWH or continuous intravenous
UFH. Patients were followed and relevant parameters
recorded daily until (a) ECMO was
(b) anticoagulation was switched to a different substance, or
(c) anticoagulation was withheld for >1 day.

discontinued,
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2.3 | Outcome parameters and
statistical analyses

Organs

The incidence of serious bleeding events served as primary
outcome parameter. Serious bleeding events were defined as

e bleeding that required any form of surgical intervention,
e intracranial bleeding,
e uncontrollable bleeding that led to death.

Thromboembolic events and a composite outcome of
hemorrhagic together with thromboembolic events served
as secondary outcome parameters. Thromboembolic events
were defined as

e arterial thromboembolic events, including myocardial in-
farction and cerebral stroke,

e venous thromboembolic events, including deep vein
thrombosis and pulmonary embolism,

e circuit-related thrombosis (including oxygenator exchanges).

After completion of data collection, we decided to con-
duct post hoc analyses of packed red blood cells (PRBCs)-
requirements. Because of significantly different ECMO
durations and timings (ie, pre- vs postoperative ECMO ther-
apy) in the two groups, post hoc time-specific analyses of
recorded variables were carried out for the first five days of
the study period in both groups and outcomes corrected for
timing of ECMO therapy by logistic regression. All post hoc
analyses are marked as such in the results section.

Distributions of all metric variables were assessed visu-
ally by quantile-quantile plots. Normally distributed variables
are described as mean + standard deviation (SD), whereas
non-normally distributed metric variables are summarized
by median and interquartile range (IQR). y*-tests were used
to test for differences between anticoagulation treatment and

FIGURE 1
of patients as well as type of anticoagulant

Inclusion and dropout

categorical variables while unpaired 7-test or Mann-Whitney
tests, respectively, were applied to metric variables according
to data distributions. Logistic regression models were esti-
mated to assess effects of anticoagulation treatment adjusted
for ECMO timing. All tests were two-sided and P values less
than .05 were considered statistically significant. Statistical
analyses were performed with the statistical software R ver-
sion 3.50 (R Development Core Team, 2018), and GraphPad
Prism Version 6.0 (GraphPad Software, Inc, LaJolla, CA,
USA).

3 | RESULTS

In this study, 123 lung transplant patients who underwent
perioperative ECMO support between 2013 and 2017 were
screened for inclusion. Figure 1 shows a flowchart depict-
ing the inclusion and dropout of patients, as well as the
type of anticoagulation. All patients in the UFH group
received continuous infusions of UFH throughout the
study period.

Table 1 shows baseline and demographic characteristics
of the patients included. The two groups were similar regard-
ing sex, age, weight, preexisting coagulation disorders, indi-
cation for lung transplantation, as well as ECMO and ICU
mortality. However, the median length of ICU stay was lon-
ger in the UFH group. Patients in the UFH group had a longer
total duration of ECMO therapy, as well as a longer preopera-
tive period of ECMO support. Importantly, the study period -
defined by ECMO days with first anticoagulant used - was
also longer in the UFH group.

Table 2 shows the baseline parameters recorded on the first
day patients received anticoagulation during ECMO (ie, the first
day of the study period). Significantly more patients underwent
venoarterial ECMO support in the LMWH group. Patients in the
LMWH group had lower platelet, fibrinogen, and antithrombin

LTX with perioperative ECMO
support (n=123)

Screening

Excluded
No anticoagulation (n=21)

Data recorded for statistical
analysis (n=102)

Analysis

used. ECMO, extracorporeal membrane
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oxygenation; LMWH, low molecular weight
heparin; LTX, lung transplantation; UFH,

unfractioned heparin

UFH group (n=22)
200 ECMO days |

LMWH group (n=80)
l 252 ECMO days

Anticoagulation
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Characteristics UFH (n = 22) LMWH (n = 80) P g;llz?ritlgfstits ofB]:aSz:rrlltes ?Zjlj:;:l%raphic
Male sex 54.5% 53.8% 1.00
Age (years) 41 + 14 40 + 15 72
Weight (kg) 64 + 17 61 +17 46
BMI (kg m ) 22 +4 22 +4 97
Preexisting coagulation 9.1% 5.0% .61

disorder
Indication for LTX .87
CF 22.7% 23.7%
Fibrosis 36.4% 26.3%
PPH 22.7% 28.8%
COPD 4.5% 8.7%
Other 13.7% 12.5%
Length of ICU stay (days) 36 (30) 24 (19) <.01
ICU mortality 22.7% 8.8% 13
ECMO mortality 9.1% 2.5% .20
ECMO days
Total 7 (12) 4 (3) <.01
Preoperative 7(7) 0(D) <.01
Postoperative 2(5) 3() 21
Timing of ECMO support <.01
Preoperative 36.4% 15%
Pre- and postoperative 45.5% 11.3%
Prolonged 13.6% 70%
Postoperative 4.5% 3.7%
ECMO days before first 1(2) 1(1) 27
anticoagulant
ECMO days with first 6 (4) 2(2) <.01
anticoagulant

Note: Values are given as percentage, mean + SD, or median (IQR) as appropriate. Significant P values have

been marked in bold.

Abbreviations: BMI, body mass index; CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease;

ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; LTX, lung transplantation; PPH,

primary pulmonary hypertension.

levels, as well as higher creatinine and bilirubin levels. Patients
in the LMWH group received a mean cumulative dose of 48 mg
enoxaparin/day (0.8 mg/kg/24 hours), whereas patients in the
UFH group received a mean cumulative dose of 15 586 IU UFH/
day, equivalent to 649 IU/hour (10 IU/kg/hour). We observed no
local complications, such as relevant hematomas or infections
associated with the use of LMWH.

3.1 | Bleeding events

Fifteen of the 102 included patients (14.7%) experienced
a total of 18 serious bleeding events, as defined in the
Methods section. All events consisted in surgical interven-
tions due to bleeding. No intracranial bleeding or uncon-
trollable fatal bleeding occurred during the study period.

When comparing the incidence of serious bleeding events
between the two groups the difference did not show sta-
tistical significance (22.7% in the UFH group vs 12.5% in
the LMWH group, P = .31). The mean number of bleeding
events per patient was 0.4 (+0.8) in the UFH group ver-
sus 0.1 (£0.3) in the LMWH group (P = .18). The mean
number of bleeding events per patient per ECMO day was
0.03 (£0.09) in the UFH group versus 0.03 (+0.10) in the
LMWH group (P = .32).

3.2 | Thromboembolic events

A total of 42 thromboembolic events occurred in 27 of the
102 included patients (26.5%), of which the majority of
40 events consisted of circuit-related thrombosis. While no
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TA B LE 2 Bz'iseline cf?aracteris.tics on Characteristics UFH (n = 22) LMWH (n = 80) P

the first day of anticoagulation, that is, the

first day of the study period VA ECMO 31.8% 80% <.01
Hemoglobin (g/L) 109 + 22 109 + 16 9
Platelets (10°/L) 196 (252) 94 (97) <.01
PT (%) 65 + 15 61 + 19 .34
aPTT (s) 38+9 41+9 .16
TT (s) 16 (6) 15 (5) A5
Fibrinogen (g/L) 5.0(2.7) 2.8 (1.5) <.01
AT (%) 81 +21 66 + 19 <.01
Creatinine (nmol/L) 48 (20) 63 (38) .01
Bilirubin (pmol/L) 11 (23) 31 (42) <.01
Hemodynamics® 4 (1) 4 (1) 20

Note: Values are given as percentage, mean + SD, or median (IQR) as appropriate. Significant P values have

been marked in bold.

Abbreviations: aPTT, activated partial thromboplastin time; AT, antithrombin; LMWH, low molecular
weight heparin; PT, prothrombin time; SOFA, sequential organ failure assessment; TT, thrombin time; UFH,
unfractioned heparin; VA ECMO, venoarterial extracorporeal membrane oxygenation.

“Points according to SOFA score.

myocardial infarction or deep vein thrombosis were observed,
one ischemic cerebral stroke on day 7 of ECMO treatment
and one pulmonary embolism on day 4 of ECMO treatment
occurred in the UFH group. About 50% of the patients in the
UFH group suffered from at least one thromboembolic event,
whereas only 20% of the patients in the LMWH group expe-
rienced thromboembolic events (P = .01). The mean number
of thromboembolic events per patient was 0.9 (+1.2) in the
UFH group versus 0.3 (+£0.6) in the LMWH group (P = .03).
The mean number of thromboembolic events per patient
per ECMO day was 0.11 (+0.16) in the UFH group versus
0.06 (0.14) in the LMWH group (P = .01).

3.3 | Composite outcome and post
hoc analyses

The composite outcome of at least one bleeding or thrombo-
embolic event occurred in a higher percentage of patients in
the UFH group (59.1%), compared with the LMWH group
(31.3%; P = .02). The mean number of both bleeding and
thromboembolic events per patient per ECMO day was 0.14
(£0.19) in the UFH group versus 0.09 (+£0.16) in the LMWH
group (P = .06).

The post hoc analysis of transfusion requirements
during the study period showed a mean administration of
0.84 PRBCs/24 hours/patient in the LMWH group, whereas
in the UFH group 0.43 PRBCs/24 hours/patient were admin-
istered (P = .11).

Post hoc analyses of the combined outcome “seri-
ous bleeding event or >2 PRBCs/24 hours” showed no

significant difference between the two groups (13.9%
LMWH vs 9.6% UFH; P = .89). The total duration of
ECMO therapy as well as the studied period of anticoagu-
lation during ECMO support differed significantly between
the two groups (Table 1). This was due to differences in
timing of ECMO (Table 1), as preoperative ECMO ther-
apy (ie, bridge-to-transplant) was associated with longer
ECMO durations while waiting for a compatible organ.
The runtime of ECMO therapy is a well described factor
in the probability of complications, including thromboem-
bolic events.!” Therefore, we decided to perform post hoc
corrections for these relevant baseline differences between
the two groups. First, we limited analysis to the first five
days of the study period and second, we corrected for dif-
ferences in timing of ECMO (eg, pre- vs postoperative) by
means of logistic regression.

Table 3 shows relevant laboratory values and hemody-
namic characteristics during days 2-5 of anticoagulation
compared between the two study groups. Apart from the
aPTT, only creatinine levels showed significant differences
throughout the period of five days.

Figure 2 shows the effects of anticoagulation therapy on
the studied outcomes limited to the first five days of anticoag-
ulation and adjusted for timing of ECMO by means of logistic
regression. No difference occurred in regard to serious bleed-
ing events (OR 0.77, 95% CI 0.12-6.46; P = .79), also when
including transfusion >2 PRBCs/24 hours (OR 0.97, 95% CI
0.30-3.27; P = .96). Comparing thromboembolic events still
showed a significant difference (OR 0.22, 95% CI 0.05-0.79;
P = .02) after correction for baseline discrepancies. However,
after adjustment for ECMO duration and timing, we did not
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FIGURE 2 Effects of anticoagulation therapy on outcomes
adjusted for ECMO timing and limited to the first five days of
treatment. Odds ratios show effects of LMWH compared to UFH
(95% Cls for ORs). LMWH, low molecular weight heparin; UFH,
unfractioned heparin

observe a significant difference in regard to the composite
outcome (OR 0.40,95% CI0.11-1.33; P = .14).

4 | DISCUSSION

To the best of our knowledge, this is the first study to com-
pare the use of LMWH with UFH for anticoagulation in
perioperative ECMO support of lung transplant patients.
We observed no differences in regard to risk of bleeding or
transfusion requirements. However, patients who received
LMWH subcutaneously had a lower risk of thromboembolic
events compared to those anticoagulated by means of intra-
venous UFH.

These results are in line with large-scale clinical trials and
meta-analyses in general ICU patients who showed reduced
rates of thromboembolic events as well as an overall benefi-
cial clinical effect of LMWH compared to UFH for throm-
boprophylaxis.12’13’18’19 Safety and potential superiority of
subcutaneously administered LMWH compared to intrave-
nous UFH have also been described for therapeutic anticoag-
ulation.?*?! Additionally, safety and efficacy of LMWH have
been demonstrated in the setting of anticoagulation for ex-
tracorporeal circuits, namely renal replacement therapy.zz’23
At our institution, LMWH has been the preferred substance
for anticoagulation of ECMO patients for more than eight
years. However, data on the use of LMWH for anticoagula-
tion during ECMO therapy are scarce with one single-center,
observational study showing feasibility of prophylactic anti-
coagulation with enoxaparin during the course of venovenous
ECMO in nonsurgical patients.l()

Reasons for reluctance to use LMWH for anticoagula-
tion in the setting of ECMO can only be subject of specula-
tion. In the clinical context of our study, one reason might
be the theoretical concern of its irreversibility compared
to UFH in the immediate perioperative period. However,

we observed no difference between groups with regard to
serious bleeding events (LMWH 12.5% vs UFH 22.7%,
P = .31). This mirrors the results of recent publications
on the use of enoxaparin, including a Cochrane review
on its perioperative use, showing a reduction of bleeding
rates.”** Reduced bleeding rates add to a number of other
well described benefits with the use of LMWH, such as re-
duced rates of heparin-induced thrombocytopenia, reduced
activation of thrombocytes and improved bioavailability,
ease of administration as well as reduced need for labora-
tory monitoring. 12.13.18-21.24.25

In our study, patients in the LMWH group received a
mean dose of 0.8 mg/kg enoxaparin daily, which is closer to
the recommended prophylactic dose than the dose suggested
for therapeutic anticoag.gulation.26 ELSO guidelines suggest
an initial dose of 7.5-20 IU/kg/hour UFH for anticoagula-
tion of ECMO patients.'" In our study, patients in the UFH
group received a mean dose of 10 IU/kg/hour. APTT levels
were significantly higher in the UFH group, ranging between
46 and 59 seconds compared to a baseline level of 38 sec-
onds. Thus, patients in the LWMH group received lower
than recommended dosages for therapeutic anticoagulation,
whereas patients in the UFH group were within the intended
range. Still, thromboembolic events occurred less frequently
in the LMWH group.

Due to its retrospective nature, important limitations of
this study need to be recognized. First of all, limited data
quality did not allow for further analyses that would have been
of interest. For example, while aPTT levels were recorded on
a daily basis, we could not collect antiXa levels or ECMO
flow rates in a reliable manner. Undeniably, flow rates play a
relevant role in regard to the thromboembolic risk of ECMO
patients. Second, relevant baseline differences occurred be-
tween the two groups. A significantly higher proportion
of patients in the LMWH group (80%) were on venoarte-
rial ECMO support, compared to the UFH group (31.8%,
P < .01). In previous studies, venoarterial ECMO was asso-
ciated with a higher risk of bleeding compared to a venove-
nous mode.>’ % Although one could, therefore, argue that
patients in the LMWH group were at higher risk for bleed-
ing, we observed no difference in bleeding between the two
groups. Another discrepancy between the two groups arose
from different ECMO timings: a higher proportion of patients
in the UFH group underwent preoperative ECMO. This can
be explained by a preference to use UFH in the preoperative
bridge-to-transplant situation. Compared to preoperative pa-
tients, the postoperative phase is associated with a number of
changes in the coagulation system due to surgery-related fac-
tors, such as inflammatory response or the intraoperative use
of procoagulant drugs.30 Furthermore, the different ECMO
timings also led to significantly longer ECMO runtimes in
the UFH group. The association between ECMO runtime and
risk of thromboembolic as well as bleeding events has been
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described before.'®!” However, after post hoc correction for
the differences in ECMO timing and runtime, we still found
a significantly lower risk of thromboembolic events in the
LMWH group. Although we tried to correct for the differ-
ences by means of post hoc analyses, our results need to be
viewed in the light of their retrospective nature and demand
validation by future prospective, randomized trials. Despite
its limitations, we still think that this study adds valuable in-
formation to the field of anticoagulation of ECMO patients.

5 | CONCLUSION

In summary, this single center retrospective cohort study
showed no difference in regard to bleeding risk between the
use of LMWH and UFH for anticoagulation of perioperative
ECMO patients. However, the use of LMWH was associated
with a lower risk of thromboembolic events. Our data sug-
gest that subcutaneous LMWH is a safe and viable alternative
to intravenous UFH for anticoagulation during perioperative
ECMO support in lung transplant patients.
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