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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 

lung diseases.1,2 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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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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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.6 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.7,8 
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).9‒11

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.12,13 Safety and efficacy of LMWH for anti-
coagulation of extracorporeal circuits have been shown in 
the setting of renal replacement therapy.14,15 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  ×  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:

•	 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.)

•	 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.)

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

•	 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 × 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 discontinued,  
(b) anticoagulation was switched to a different substance, or 
(c) anticoagulation was withheld for ≥1 day.
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2.3  |  Outcome parameters and 
statistical analyses

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

•	 bleeding that required any form of surgical intervention,
•	 intracranial bleeding,
•	 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

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

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

•	 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). χ2-tests were used 
to test for differences between anticoagulation treatment and 

categorical variables while unpaired t-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 

F I G U R E  1   Inclusion and dropout 
of patients as well as type of anticoagulant 
used. ECMO, extracorporeal membrane 
oxygenation; LMWH, low molecular weight 
heparin; LTX, lung transplantation; UFH, 
unfractioned heparin
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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 

Characteristics UFH (n = 22) LMWH (n = 80) P

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−2) 22 ± 4 22 ± 4 .97

Preexisting coagulation 
disorder

9.1% 5.0% .61

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 (1) <.01

Postoperative 2 (5) 3 (2) .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 
anticoagulant

1 (2) 1 (1) .27

ECMO days with first 
anticoagulant

6 (4) 2 (2) <.01

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.

T A B L E  1   Baseline and demographic 
characteristics of patients included
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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.17 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 

Characteristics UFH (n = 22) LMWH (n = 80) P

VA ECMO 31.8% 80% <.01

Hemoglobin (g/L) 109 ± 22 109 ± 16 .9

Platelets (109/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) .45

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 (μmol/L) 11 (23) 31 (42) <.01

Hemodynamicsa 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.
aPoints according to SOFA score. 

T A B L E  2   Baseline characteristics on 
the first day of anticoagulation, that is, the 
first day of the study period
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observe a significant difference in regard to the composite 
outcome (OR 0.40, 95% CI 0.11-1.33; 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.20,21 Additionally, safety and efficacy of LMWH have 
been demonstrated in the setting of anticoagulation for ex-
tracorporeal circuits, namely renal replacement therapy.22,23 
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.16

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.24,25 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 anticoagulation.26 ELSO guidelines suggest 
an initial dose of 7.5-20  IU/kg/hour UFH for anticoagula-
tion of ECMO patients.11 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.27‒29 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 

F I G U R E  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% CIs for ORs). LMWH, low molecular weight heparin; UFH, 
unfractioned heparin
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described before.16,17 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.

ACKNOWLEDGMENTS
JG has received research support from the Austrian Society 
of Anesthesiology, Resuscitation and Intensive Care for the 
research reported in this publication. The funding organiza-
tion was neither involved in the design of the trial, the collec-
tion, and analysis of data nor its interpretation.

DISCLOSURE
JG has received support for congress travels and speaker 
fees from CSL Behring, Mitsubishi Tanabe Pharma and 
Johnson  &  Johnson Medical Products as well as advisory 
board honoraria from Instrumentation Laboratory Company. 
ES has received speaker fees from Baxalta Österreich GmbH, 
Boehringer Ingelheim RCV GmbH & Co KG Austria, 
Daiichi-Sankyo Austria GmbH and Shire Austria GmbH. 
MW has received support for congress travels and speaker 
fees from CSL Behring, Boehringer Ingelheim RCV GmbH 
& Co KG Austria and Mitsubishi Tanabe Pharma. AP, AB, 
PJ, FE, and KH declare that they have no commercial, finan-
cial, or personal conflicts of interest to disclose regarding the 
work presented here.

AUTHOR CONTRIBUTIONS
JG: design of the study, data collection, data analysis, and 
drafting the manuscript. AP: data collection, data analysis, 
and revision of the manuscript. ES: design of the study and 
revision of the manuscript. AB: data analysis and revision of 
the manuscript. PJ: data collection and revision of the man-
uscript. FE: design of the study and revision of the manu-
script. KH: data collection and revision of the manuscript. 

MW: design of the study, data analysis, and revision of the 
manuscript.

ORCID
Johannes Gratz   https://orcid.org/0000-0001-8717-0544 

REFERENCES
	 1.	 Venuta F, Van Raemdonck D. History of lung transplantation.  

J Thorac Dis. 2012;9:5458–71.
	 2.	 Yusen RD, Edwards LB, Dipchand AI, Goldfarb SB, Kucheryavaya 

AY, Levvey BJ, et al. The Registry of the International Society for 
Heart and Lung Transplantation: thirty-third adult lung and heart-
lung transplant report; focus theme: primary diagnostic indications 
for transplant. J Hear Lung Transplant. 2016;35:1170–84.

	 3.	 Hoetzenecker K, Schwarz S, Muckenhuber M, Benazzo A, 
Frommlet F, Schweiger T, et al. Intraoperative extracorporeal 
membrane oxygenation and the possibility of postoperative prolon-
gations improve survival in bilateral lung transplantation. J Thorac 
Cardiovasc Surg. 2018;155:2193–206.

	 4.	 McRae K, de Perrot M. Prinicples and indications of extracor-
poreal life support in general thoracic surgery. J Thorac Dis. 
2018;10:S931–46.

	 5.	 Moreno Garijo J, Cypel M, McRae K, Machuca T, Cunningham 
V, Slinger P. The evolving role of extracorporeal membrane oxy-
genation in lung transplantation: implications for anesthetic man-
agement. J Cardiothorac Vasc Anesth. 2019;33:1995–2006. https​://
doi.org/10.1053/j.jvca.2018.10.007.

	 6.	 Thomas J, Kostousov V, Teruya J. Bleeding and thrombotic com-
plications in the use of extracorporeal membrane oxygenation. 
Semin Thromb Hemost. 2018;44:020–9.

	 7.	 Murphy DA, Hockings LE, Andrews RK,Aubron C, Gardiner EE, 
Pellegrino VA, et al. Extracorporeal membrane oxygenation— 
hemostatic complications. Transfus Med Rev. 2015;29:90–101.

	 8.	 Raiten JM, Wong ZZ, Spelde A, Littlejohn JE, Augoustides JGT, 
Gutsche JT. Anticoagulation and transfusion therapy in patients 
requiring extracorporeal membrane oxygenation. J Cardiothorac 
Vasc Anesth. 2017;31:1051–9.

	 9.	 Combes A, Brodie D, Chen Y-S, Fan E, Henriques JPS,  
Hodgson C, et al. The ICM research agenda on extracorporeal life 
support. Intensive Care Med. 2017;43:1306–18.

	10.	 Sy E, Sklar MC, Lequier L, Fan E, Kanji HD. Anticoagulation 
practices and the prevalence of major bleeding, thromboembolic 
events, and mortality in venoarterial extracorporeal membrane 
oxygenation: a systematic review and meta-analysis. J Crit Care. 
2017;39:87–96.

	11.	 Extracorporeal Life Support Organization. ELSO anticoagulation 
guideline [Internet]; 2014 [cited 2019 Aug 18]. Available from: 
http://www.elso.org/resou​rces/guide​lines.aspx

	12.	 Beitland S, Sandven I, Kjærvik LK, Sandset PM, Sunde K,  
Eken T. Thromboprophylaxis with low molecular weight heparin 
versus unfractioned heparin in intensive care patients: a systematic 
review with meta-analysis and trial sequential analysis. Intensive 
Care Med. 2015;41:1209–19.

	13.	 Cook D, Meade M, Guyatt G, Walter S, Heels-Ansdell D, 
Warkentin TE, et al. Dalteparin versus unfractioned heparin in crit-
ically ill patients. N Engl J Med. 2011;364:1305–14.

	14.	 Palamaner Subash Shantha G, Kumar AA, Sethi M, Khanna RC, 
Pancholy SB. Efficacy and safety of low molecular weight heparin 

https://orcid.org/0000-0001-8717-0544
https://orcid.org/0000-0001-8717-0544
https://doi.org/10.1053/j.jvca.2018.10.007
https://doi.org/10.1053/j.jvca.2018.10.007
http://www.elso.org/resources/guidelines.aspx


646  |      GRATZ et al.

compared to unfractioned heparin for chronic outpatient hemo-
dialysis in end stage renal disease: systematic review and meta- 
analysis. Peer J. 2015;3:e835. https​://doi.org/10.7717/peerj.835

	15.	 Joannidis M, Kountchev J, Rauchenzauner M, Schusterschitz N, 
Ulmer H, Mayr A, et al. Enoxaparin vs. unfractioned heparin for 
anticoagulation during contiunous veno-venous hemofiltration: 
a randomized controlled crossover study. Intensive Care Med. 
2007;33:1571–9.

	16.	 Krueger K, Schmutz A, Zieger B, Kalbhenn J. Venovenous extra-
corporeal membrane oxygenation with prophylactic subcutaneous 
anticoagulation only: an observational study in more than 60 pa-
tients. Artif Organs. 2016;41:186-92.

	17.	 Trudzinski FC, Minko P, Rapp D, Fähndrich S, Haake H, Haab M, 
et al. Runtime and aPTT predict venous thrombosis and thrombo-
embolism in patients on extracorporeal membrane oxygenation: a 
retrospective analysis. Ann Intensive Care. 2016;6:66. https​://doi.
org/10.1186/s13613-016-0172-2

	18.	 De A, Roy P, Garg VK, Pandey NK. Low-molecular-weight hep-
arin and unfractioned heparin in prophylaxis against deep vein 
thrombosis in critically ill patients undergoing major surgery. 
Blood Coagul Fibrinolysis. 2010;21:57–61.

	19.	 Shorr A, Williams M. Venous thromboembolism in critically ill 
patients. Thromb Haemost. 2009;101:139–44.

	20.	 Ucar EY, Akgun M, Araz O, Tas H, Kerget B, Meral M, et al. 
Comparison of LMWH versus UFH for hemorrhage and hospital 
mortality in the treatment of acute massive pulmonary thromboem-
bolism after thrombolytic treatment. Lung. 2015;193:121–7.

	21.	 Merli G, Spiro TE, Olsson CG, Abildgaard U, Davidson BL,  
Eldor A, et al. Subcutaneous enoxaparin once or twice daily 
compared with intravenous unfractioned heparin for treatment 
of venous thromboembolic disease. Ann Intern Med. 2001;134: 
191–202.

	22.	 Lazrak HH, René É, Elftouh N, Leblanc M, Lafrance JP. Safety 
of low-molecular-weight heparin compared to unfractioned hepa-
rin in hemodialysis: a systematic review and meta-analysis. BMC 
Nephrol. 2017;18:187.

	23.	 Pon TK, Dager WE, Roberts AJ, White RH. Subcutaneous enox-
aparin for therapeutic anticoagulation in hemodialysis patients. 
Thromb Res. 2014;133:1023–8.

	24.	 Matar CF, Kahale LA, Hakoum MB, Tsolakian IG, Etxeandia-
Ikobaltzeta I, Yosuico VED, et al. Anticoagulation for perioperative 
thromboprophylaxis in people with cancer. Cochrane Database Syst 
Rev. 2018. https​://doi.org/10.1002/14651​858.CD009​447.pub3.

	25.	 Van Matre ET, Reynolds PM, MacLaren R, Mueller SW, Wright 
GC, Moss M, et al. Evaluation of unfractioned heparin versus 
low-molecular-weight heparin and fondaparinux for pharmaco-
logic venous thromboembolic prophylaxis in critically ill patients 
with cancer. J Thromb Haemost. 2018;16:2492–500.

	26.	 Duranteau J, Taccone FS, Verhamme P, Ageno W. European guide-
lines on perioperative venous thromboembolism prophylaxis: in-
tensive care. Eur J Anaesthesiol. 2018;35:142–6.

	27.	 Mazzeffi M, Greenwood J, Tanaka K, Menaker J, Rector R, Herr 
D, et al. Bleeding, transfusion, and mortality on extracorporeal life 
support: ECLS working group on thrombosis and hemostasis. Ann 
Thorac Surg. 2016;101:682–9.

	28.	 Aubron C, DePuydt J, Belon F, Bailey M, Schmidt M, Sheldrake 
J, et al. Predictive factors of bleeding events in adults undergo-
ing extraxorporeal membrane oxygenation. Ann Intensive Care. 
2016;6:97. https​://doi.org/10.1186/s13613-016-0196-7.

	29.	 Francischetti IMB, Szymanski J, Rodriguez D, Heo M, Wolgast 
LR. Laboratory and clinical predictors of 30-day survival for pa-
tients on Extracorporeal Membrane Oxygenation (ECMO): 8-year 
experience at Albert Einstein College of Medicine, Montefiore 
Medical Center. J Crit Care. 2017;40:136–44.

	30.	 Pannucci CJ, Laird S, Dimick JB, Campbell DA, Henke PK. A 
validated risk model to predict 90-day VTE events in postsurgical 
patients. Chest. 2014;145:567–73.

How to cite this article: Gratz J, Pausch A,  
Schaden E, et al. Low molecular weight heparin 
versus unfractioned heparin for anticoagulation during 
perioperative extracorporeal membrane oxygenation: 
A single center experience in 102 lung transplant 
patients. Artif Organs. 2020;44:638–646.  
https​://doi.org/10.1111/aor.13642​

https://doi.org/10.7717/peerj.835
https://doi.org/10.1186/s13613-016-0172-2
https://doi.org/10.1186/s13613-016-0172-2
https://doi.org/10.1002/14651858.CD009447.pub3
https://doi.org/10.1186/s13613-016-0196-7
https://doi.org/10.1111/aor.13642

