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Abstract
Lung transplantation is a life-saving treatment for patients with end-stage lung disease. Although the number of lung 
transplants has increased over the years, the number of available donor lungs has not increased at the same rate, leading to 
the death of transplant candidates on waiting lists. In this paper, we presented our initial experience with the use of extra-
corporeal membrane oxygenation (ECMO) as a bridge to lung transplantation. Between December 2016 and August 2018, 
we retrospectively reviewed the use of ECMO as a bridge to lung transplantation. Thirteen patients underwent preparative 
ECMO for bridging to lung transplantation, and seven patients successfully underwent bridging to lung transplantation. 
The average age of the patients was 45.7 years (range, 19–62 years). The ECMO support period lasted 3–55 days (mean, 
18.7 days; median, 13 days). In seven patients, bridging to lung transplantation was performed successfully. The mean age 
of patients was 49.8 years (range 42–62). Bridging time was 3–55 days (mean, 19 days; median, 13 days). Two patients died 
in the early postoperative period. Five patients survived until discharge from the hospital. One-year survival was achieved in 
four patients. ECMO can be used safely for a long time to meet the physiological needs of critically ill patients. The use of 
ECMO as a bridge to lung transplantation is an acceptable treatment option to reduce the number of deaths on the waiting 
list. Despite the successful results achieved, this approach still involves risks and complications.
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Introduction

Lung transplantation is an effective and safe treatment option 
for patients with end-stage lung disease and is widely used 
worldwide. The condition of patients on the waiting list for 
lung transplantation may deteriorate because their condi-
tion is not favorable for survival until a suitable donor is 

found (1). These patients are generally followed up with 
mechanical ventilatory support in intensive care units 
(ICUs). However, mechanical ventilation may increase the 
risk of acute respiratory failure and hemodynamic insta-
bility; further, ventilator-associated pneumonia and lung 
damage may occur. Even if an optimal strategy is used for 
mechanical ventilation-based therapy, there may be a high 
risk of developing refractory hypercapnia and/or hypoxia 
(2). This may be associated with high mortality before and 
after lung transplantation due to organ failure. Reportedly, 
post-transplant mortality rates were significantly higher in 
patients who were bridged to lung transplantation using 
mechanical ventilation than in those without mechanical 
ventilatory support (3). Extracorporeal life support systems 
provide the only chance to these patients to survive until a 
suitable donor is found. These systems reduce morbidity 
and provide support according to the physiological needs 
of patients. Extracorporeal membrane oxygenation (ECMO) 
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prevents patient deterioration and helps patients attain a bet-
ter condition until a suitable donor is found.

Owing to the increased morbidity and poor survival associ-
ated with hemolysis, infection, hemorrhage, and hemodynamic 
instability resulting from the use of ECMO, at many transplant 
centers, its use during the preoperative period is considered a 
relative contraindication. However, good outcomes obtained 
with ECMO used as a salvage therapy for primary graft dys-
function after lung transplantation increased the interest in 
ECMO again (4). Upon improvements in lung transplanta-
tion results, with appropriate patient selection, ECMO use can 
act as a bridge to transplantation in these patients (5). Recent 
advancements in hollow fiber, polymethylpentene oxygenat-
ors, new-generation centrifugal pumps, more durable circuits, 
and heparin-coated surfaces have increased the use of ECMO 
as a bridge to lung transplantation (6). According to the 2014 
consensus report of the International Association of Heart and 
Lung Transplantation, the use of ECMO as a bridge to lung 
transplantation is recommended in young patients without mul-
tiorgan failure and with good potential for rehabilitation (7).

With the use of ECMO as a bridge to lung transplanta-
tion, the number of patients undergoing lung transplantation 
and achieving overall survival has increased. At many dif-
ferent centers, patients who were bridged to lung transplan-
tation with ECMO have achieved better survival outcomes 
than their counterparts (4–9). In Turkey, bridging to lung 
transplantation is a relatively new concept and data on the 
use of ECMO as a bridge to lung transplantation are very 
limited. In this article, we present our initial experience with 
the use of ECMO as a bridge to lung transplantation.

Materials and methods

In this study, we retrospectively examined the use of ECMO 
as a bridge to lung transplantation between December 2016 
and August 2018 at the Kosuyolu Yüksek Ihtisas Training 
and Research Hospital, Istanbul, Turkey. During this period, 
55 patients underwent lung transplantation, and 34 patients 
who were candidates for lung transplantation died on the 
waiting list. In addition, 13 patients preoperatively required 
ECMO, and 7 patients were successfully bridged to lung 
transplantation (1/4 in 2016, 3/26 in 2017, and 3/25 in 2018). 
The acceptance rate of donors who offered to donate their 
lungs at our center was 23% (55/239). The median waiting 
time for patients who underwent lung transplantation was 97 
(range, 3–427) days, whereas the median waiting list mortal-
ity time was 50 (range, 8–338) days. ECMO was performed 
for 6 of the 34 patients who died on the waiting list. The 
other patients on the waiting list deteriorated due to acute 
exacerbation of the disease or infection at an external center, 
because of which ECMO could not be performed. Therefore, 
these patients were not transferred to our hospital.

The decision to perform ECMO was made by a team 
of thoracic surgeons, intensive care specialists, and trans-
plant chest disease specialists. Pre-ECMO details have been 
provided in Table 1. The main indications for the use of 
extracorporeal support before lung transplantation were 
persistent hypercapnia and/or hypoxic respiratory failure 
 (PCO2 > 80 mmHg, P/F < 80 mmHg). ECMO was performed 
within the initial 48 h in patients in whom no response was 
observed despite optimal mechanical ventilation or in those 
with poor pulmonary reserve who could not be taken off 
mechanical ventilation. Regarding patient selection, not 
only patients on the waiting list but also those with acute 
deterioration at an external center were taken into considera-
tion. Factors such as age, diagnosis of the underlying lung 
disease, comorbidities, absence of multiorgan failure, adap-
tation to post-transplant rehabilitation, neurological status 
and absence of active bacteremia were taken into account 
for patient selection. Patients under the age of 60 were con-
sidered candidates for ECMO as a bridge to lung transplan-
tation; however, patients over the age of 60 who can good 
rehabilitation and have minimal medical and surgical prob-
lems were also considered candidates.

After cardiologic evaluation, 1 patient underwent 
venoarterial (VA) ECMO due to right heart failure and 
hemodynamic instability, whereas 12 patients underwent 
veno-venous (VV) ECMO. Under the ECMO cannulation 
strategy, cannula diameter was selected so as to achieve a 
minimum blood flow rate of 5 L/min. Two patients were 
cannulated with the bicaval dual-lumen cannula. The jugu-
lar and femoral veins were cannulated in 10 patients. Right 
subclavian artery–femoral vein cannulation was performed 
in 1 patient who required VA ECMO and in 2 patients who 
were followed up with VV ECMO due to the development 
of hemodynamic instability.

Extubation was planned in patients with hemodynamic 
and respiratory improvement after the application of ECMO. 
Sedatives and paralytic drugs were not administered to keep 
patients awake and to enable them to perform active physi-
otherapy. Tracheostomy was performed within the initial 
48 h in patients who could not tolerate extubation or who 
needed frequent aspiration and bronchoscopy such as those 
with cystic fibrosis. In non-extubated patients, early trache-
ostomy was performed using mechanical ventilatory support 
to the minimum and satisfying physiological needs such as 
drinking and eating.

The goal of ECMO support was to ensure that patients were 
awake and comfortable; pH was maintained between 7.35 
and 7.45; saturation was maintained at 85–90%; and patients 
were capable of spontaneous breathing, feeding, and mobili-
zation. Patients in whom these goals could not be achieved 
were not included in the lung transplant waiting list. Eryth-
rocyte suspension and platelet transfusion were performed 
to achieve a hemoglobin level of 10–12 mg/dl and platelet 
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count of > 50,000/μl. The target activated clotting time was 
160–180 s in VV ECMO and 180–200 s in VA ECMO during 
coagulation follow-up.

In immunosuppressive treatment after transplantation, in 
addition to triplet therapy comprising tacrolimus, mycopheno-
late mofetil, and prednisolone, induction therapy with 20 mg 
basiliximab was administered on the day of transplant and 
post-transplant 4 days.

Results

During the study period, 13 patients underwent ECMO as 
a bridge to lung transplantation. The average age of these 
patients was 45.7 (range, 19–62) years. The most common 
cause for receiving ECMO as a bridge to lung transplan-
tation was idiopathic interstitial pneumonia (IIP) (n = 8). 
Other etiologies included adenocarcinoma (lepidic ade-
nocarcinoma/incidental adenocarcinoma with mixed sub-
types; n = 2), cystic fibrosis (n = 2), and chronic obstruc-
tive pulmonary disease (COPD; n = 1). The ECMO support 
period lasted 3–55 (average, 18.7; median, 13) days. Three 
of the 13 patients were on the waiting list. The condition 
of these 3 patients worsened during the examination for 

Table 1  Patients characteristics 
and details of clinical course

BMI body mass index, ABG arterial blood gases, IIP idiopathic interstitial pneumonia, COPD chronic 
obstructive pulmonary disease, MV mechanical ventilation, RBC red blood cell

Total (n = 13) Successful bridging (n = 7) Failed bridging (n = 6)

Age, years 45.7 (19–62) 49.8 (42–62) 41 (19–59)
Gender, male/female 12/1 7/0 5/1
BMI, kg/m2 23.9 (16.4–29.3) 26.7 (22.8–29.3) 20.8 (16.4–24.2)
Pre-ECMO
 Respiratory failure
  Hypercarbic
  Hypoxic
  Hypercarbic + hypoxic

1
10
2

–
7
–

1
3
2

 ABG
  pH
  PCO2 mm Hg
  PaO2 mm Hg
  Sat %
 Inotropic support

7.34 (7.2–7.46)
55 (35–95)
83.9 (44–172)
91.7 (81–96)
4

7.37 (7.29–7.46)
45.8 (35–51)
83.2 (45–172)
91.5 (81–96)
1

7.31(7.2–7.4)
67 (40–95)
84.6 (44–141)
92 (89–95)

Transplant indication
  Adenocarcinoma
  Lepidic adenocarcinoma
  Mixed subtype adenocarci-

noma
  IIP
  COPD
  Cystic fibrosis

2
1
1
8
1
2

2
5
–
–

–
3
1
2

Median total bilirubin, mg/dl 3.12 (0.6–12.9) 2.99 (0.6–12.9) 3.3 (0.8–8.1)
Deterioration on the waiting list
Deterioration during examination
Emergency listing

3
3
7

2
2
3

2
1
3

V-V/A-V ECMO 12/1 7/0 5/1
Double lumen cannula
Jugular vein–femoral vein
Subclavian artery–femoral vein

2
10
1

2
5

0
5
1

ECMO change 3 0 3
Tracheostomy 9 4 5
Extubation (never reintubated) 3 2 1
MV + ECMO 10 5 5
ECMO duration, days 18.7 (3–55) 18 (3–55) 19.6 (10–32)
RBC transfusions, units 15.2 (1–34) 13.1 (1–34) 17.1 (5–27)
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placement on lung transplant listing, and 7 patients were 
accepted from an external ICU due to an emergency condi-
tion. The 10 patients were urgently connected to mechani-
cal ventilatory support, after which ECMO was performed. 
In 2 patients, ECMO support was initiated in a planned 
manner. After ECMO support, extubation was success-
fully performed in 3 patients; in all 3 patients, IIP was 
diagnosed. Two of these patients had previously been on 
a waiting list for lung transplantation, to which they had 
been successfully bridged. Tracheostomy was performed 
in 9 patients who could not be extubated within 48 h or 
who needed reinvasive mechanical ventilatory support; 2 
of these could not be taken off the mechanical ventilatory 
support, whereas the other 6 did not require continuous 
support of this type (Table 1).

Patients who did not undergo transplantation

In 6 of the 13 patients, bridging to lung transplantation was 
not successful. The average age of these patients was 41 
(range, 19–52) years. Their diagnoses included cystic fibro-
sis (n = 2), IIP (n = 3), and COPD (n = 1). The ECMO sup-
port period lasted 10–32 days (average, 19.6 days; median, 
21 days). Two patients were on the waiting list, whereas 
4 were accepted from an external ICU. Two patients with 
cystic fibrosis died of sepsis on the 21st and 28th days of 
ECMO support. Both of these patients received prophylactic 
antibiotics according to the previous colonization.

In 1 patient who was followed under ECMO for 28 days, 
VV ECMO was converted to VA ECMO due to hemody-
namic instability on the 25th day of ECMO support. In 1 of 
the 2 patients with interstitial lung disease, VA ECMO was 
performed directly because of pulmonary hypertension and 
right heart failure. The other patient developed right heart 
failure within the initial 24 h of VV ECMO implantation. 
Therefore, VV ECMO was converted to VA ECMO. These 2 
patients died on the 11th and 16th days due to acute cardiac 
failure. The 1 patient who was diagnosed with interstitial 
lung disease was placed on VV ECMO and followed up 
without the requirement for mechanical ventilation from the 
1st day; this patient died on the 32nd day due to cerebral 
hemorrhage. The patient with COPD died of cardiac arrest 
of unknown cause on the 10th day of follow-up with VV 
ECMO.

Remarkably, patients who did not undergo transplant 
were younger than those who did. The main difference 
between the two groups with similar preoperative features 
was the use of a double-lumen cannula. The main cause of 
failure was prolonged immobility on ECMO, particularly in 
the 2 young patients with cystic fibrosis.

Patients who underwent transplantation

In 7 out of the 13 patients, bridging to lung transplantation 
was performed successfully. Two of these patients under-
went double-lumen cannulation through the right internal 
jugular vein. In these patients, tracheostomy was performed 
because extubation could not be performed within 48 h and 
there was no requirement for mechanical ventilation. Jugu-
lar vein–femoral vein cannulation for VV ECMO was per-
formed in the other 5 patients.

The average age was 49.8 (range, 42–62) years. Bridging 
time was 3–55 days (average, 19 days; median, 13 days). IIP 
was diagnosed in 5 patients. One patient was diagnosed with 
lepidic-type adenocarcinoma, and 1 who was diagnosed with 
IIP had undergone lung transplantation; however, the defini-
tive pathology in this patient was reported to be mixed-type 
adenocarcinoma.

Clamshell incision was performed in all patients. For 
hemodynamic stability during the perioperative period, 
VV ECMO was converted to central VA ECMO because 
the aorta and right atrium could be directly visualized. 
Bilateral lung transplantation was performed in 6 patients 
and single (right) transplantation in 1 patient. The average 
ischemia time was 262 (range, 180–360) min for single lung 
transplantation and 414 (range, 290–520) min for bilateral 
lung transplantation. The average number of red blood cell 
(RBC) transfusions was 11.2 (range, 6–26) units during the 
perioperative period and postoperative day 1. All patients 
exhibited good respiratory parameters and hemodynamic 
stability after lung transplantation; thus, ECMO support 
was terminated. The characteristic features of donor lungs 
are presented in Table 2.

Overall, 5 of the 7 patients survived to discharge from 
the hospital. Two patients died during the early postopera-
tive period. Both patients were more than 60 years old. 
The first patient with idiopathic pulmonary fibrosis had 
bilateral lung transplantation on the 3rd day of ECMO 
support. There were no complications at the intraopera-
tive and early postoperative period. Bacteremia was not 

Table 2  Donor characteristics

Donor age, year 29.4 (16–52)

Cause of death
 Intracerebral hemorrhage
 Subarachnoid hemorrhage
 Head injury
 Dilated cardiomyopathy
 Hanging (suicide)

2
2
1
1
1

 ≥ 20 pack-year smoking 4/7
 Donor intubation, day 4.1 (1–8)

Donor P/F ratio 374 (278–406)
Donor lung ischemic time 248.8 (180–350)
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identified when offered suitable donors, but the production 
of preoperative blood culture was positive. The patient 
died on the 20th postoperative day due to sepsis. The sec-
ond patient with COPD had bilateral lung transplantation 
was performed on the 13th day of ECMO support. Mas-
sive blood transfusion was required perioperatively due to 
intense adhesions. ECMO support was terminated at the 
end of the operation due to good respiratory parameters 
and hemodynamic stability. However, the patient devel-
oped primary graft dysfunction in the 20th h, for which 
postoperative VV ECMO was performed. ECMO sup-
port was discontinued on postoperative day 6. The patient 
was taken to a hospital on postoperative day 9. Oxygen 
administration at a rate of 2 L/min was required during 
the follow-up period. Acute graft rejection and infection 
were ruled out. Right diaphragm elevation was detected, so 
diaphragmatic plication was performed; mesenteric artery 
ischemia developed postoperatively. Colon and partial 
small bowel resection was performed due to ischemia. The 
patient died 45 days after lung transplantation.

One-year survival was achieved in 4 patients, whereas 1 
died due to sepsis in the 4th month. In this patient with IIP, 
single lung transplantation was performed on the 55th day 
of VV ECMO due to intensive intraoperative bleeding. In 
the 4th month of follow-up, the lesion was radiologically 
compatible with aspergillosis, and bronchoscopic speci-
men culture showed Aspergillus spp. growth in the donor 
lung. In the patient with acute deterioration, bronchoal-
veolar lavage culture identified Pseudomonas aeruginosa, 
and the patient died of sepsis. The patient was incidentally 
diagnosed with mixed-type adenoma and died due to brain 
metastasis in the 13th month. There was no radiological 
relapse in the patient with transplanted lung (Table 3).

Discussion

Among patients on the waiting list for lung transplanta-
tion, mortality rate is high due to the small number of 
suitable donors and the rapid deterioration of patient 

condition. These patients generally require mechanical 
ventilatory support in ICUs. High-pressure, high  FIO2 sup-
port is required for this mechanical ventilation. Ventilatory 
support increases the risk of microbial airway colonization 
and leads to loss of respiratory muscle strength. Moreover, 
prolonged ventilation may result in pneumonia. Owing to 
ventilator-related complications in cases with prolonged 
mechanical ventilatory support, the use of ECMO as a 
bridge to lung transplantation can be considered a relative 
contraindication (3).

However, the use of ECMO as a bridge to lung trans-
plantation ensures that patients remain suitable candi-
dates for such transplantation. Owing to the lack of donor 
organs, it can be considered that lung transplantation is not 
appropriate in patients with severe respiratory and hemo-
dynamic decompensation. Although bridging strategies for 
lung transplantation increases the risk of major complica-
tions, hospital mortality and cost, the recent achievement 
of good results following the use of ECMO as a bridge to 
lung transplantation, particularly the awake strategy, has 
encouraged their co-use (10). A report published by the 
United Organ Sharing Network showed that the use of 
ECMO as a bridge to lung transplantation has increased 
by 150% between 2010 and 2012 compared with its use 
before 2010 (11). Moreover, in a study by Typograf et al. 
involving 70 patients, the 1-year survival rate was 88% 
upon successful bridging to lung transplantation and 87% 
in all transplant recipients (12). Likewise, many studies 
have reported no difference in the long-term survival of 
patients between those with and without ECMO bridging 
in lung transplantation (6, 8, 9, 13, 15). However, the use 
of ECMO as a bridge to lung transplantation is associated 
with increased primary graft dysfunction and prolonged 
hospitalization. The need for blood transfusion increases 
with the development of systemic inflammatory response 
in addition to coagulopathy with the prolongation of 
ECMO time. Therefore, the risk of primary graft dysfunc-
tion increases. High-volume transplant clinics (with > 50 
transplants annually) are more likely to cope with these 
problems due to the more aggressive use of postoperative 
ECMO (4–6). The use of ECMO during the early period of 
primary graft dysfunction is a potential treatment option to 
save donor lungs with acceptable survival and complica-
tion rates (16).

The use of ECMO as a bridge to lung transplantation 
is contraindicated in the presence of a neurological defi-
cit, multidrug-resistant infection, and multiorgan failure. 
Although the presence of bacteremia is not a contraindi-
cation, transplantation should not be performed without 
treating the infection. One of our patients died of sepsis 
due to bacteremia, despite an uneventful operation and 
early intensive care. Patients receiving ECMO are indis-
putably at high risk of developing nosocomial infection, 

Table 3  Outcomes

Lung transplantation type, single/bilateral 1/6

Number of RBC transfusions on perioperative period 
and first postoperative day, units

11.2 (6–26)

Severe PGD 3/7
ECMO after lung transplantation
 ICU days of surviving patients 8.14 (3–12)
 Hospital days of surviving patients 24.6 (15–41)
 Hospital mortality % 28.5 (2/7)
 One year survival % 57.1 (4/7)
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with 6.1% of neonates and 20.5% of adults acquiring a 
culture-proven infection during ECMO (17). Currently, 
the Extracorporeal Life Support Organization Infectious 
Disease Task Force does not recommend routine antimi-
crobial prophylaxis during ECMO, although, to date, no 
systematic reviews of prophylaxis in ECMO have been 
performed. Practice has varied from multidrug therapy for 
the entire run of ECMO to selective gram-positive cover-
age and to the absence of antibiotic use beyond surgical 
prophylaxis for cannulation. Based on the consensus of 
infectious disease experts and the subsequent conclusion 
and recommendation of the task force that there are no 
data to support the routine use of continued antibiotics for 
patients on ECMO support, solely for prophylaxis with-
out specific culture or physiological evidence of ongoing 
infection, it has been reported that the common practice 
of continuous administration of prophylactic antibiotics 
may likely only increase the risk of infection with resistant 
strains and that of potential yeast overgrowth (18). How-
ever, the recommendation of avoiding the routine use of 
antibiotic prophylaxis for patients on extracorporeal sup-
port does not necessarily apply to cardiothoracic patients 
with transthoracic cannulation via open chest, a group 
of patients with a documented increased risk of infec-
tion, specifically mediastinitis (19, 20). Because of the 
increased incidence of fungal infections in patients under 
ECMO support and high mortality observed among these 
patients, cautious but aggressive use of antifungal prophy-
laxis is particularly recommended for high-risk patients. 
At our center, in accordance with these recommendations, 
all infection prevention precautions are implemented on 
the basis of prior or current microbiological status for both 
patients with ECMO as a bridge to lung transplantation 
and those with the other indications of ECMO. Antibiotic 
use in this group is based on the clinical judgment of the 
team and multiple factors including the duration of open 
chest, overall immune and nutritional status, previously 
known colonization with multidrug-resistant microorgan-
isms, and the perceived risk of contamination of the open 
wound. Weekly screening cultures from different sites are 
taken for early prevention and initiation of antibiotherapy 
when necessary. If a patient has been previously colonized 
or infected before ECMO cannulation, we empirically use 
antipseudomonal beta-lactams, glycopeptides, or their 
combination according to the history of causative agents of 
infection in the patient. If the patient is being maintained 
on open chest, we routinely use echinocandins for 14 days.

The risk of bleeding requiring surgical intervention after 
lung transplantation was reported to be 12.6–15% (21,22). 
This risk increases in the presence of preoperative ECMO. 
The major intraoperative problem was severe bleeding due to 
pleural adhesions. Massive blood transfusions can have seri-
ous side effects that may be life-threatening. They may lead 

to decreased platelet count and concentration of coagulation 
factors. Bleeding becomes more marked in cases of infection, 
shock, and disseminated intravascular coagulation. Replac-
ing coagulation factors and platelets helps control bleeding. 
Platelet suspension should be considered if the platelet count 
is < 50,000/μl or < 100,000/μl and continues to drop rapidly.

During the preoperative period, one of the major prob-
lems is the requirement of erythrocyte suspension. We have 
frequently encountered hemolysis in these patients due to the 
high flow rate of ECMO. When delivering oxygen to patients 
receiving ECMO, low flow is required because the hemo-
globin value increases. Our targeted hemoglobin level was 
12 mg/dl, but it could not be achieved in the initial days of 
ECMO administration. We found that as patients were sup-
ported by erythrocyte suspension, their physiological needs 
were met. This reduced the need for mechanical ventilatory 
support in addition to ECMO. We used erythrocyte sus-
pension for the success of ECMO bridging despite the risk 
of future antibody formation. Leukocyte-depleted packed 
RBCs were used for transfusion.

All patients receiving ECMO should receive physio-
therapy including those who cannot be taken off mechani-
cal ventilator. Femoral cannulation does not interfere 
with the physical activities of the patient. As far as pos-
sible, “awake” ECMO strategies should be used (10–23). 
Awake VV ECMO is used to prevent sedation and inva-
sive mechanical ventilatory support to protect respiratory 
muscles and facilitate active mobilization (24). In addi-
tion to early mobilization, normal eating and drinking are 
important for coping with psychological and physiological 
problems. In the majority of patients, VV ECMO is suffi-
cient to meet physiological needs. However, in the presence 
of severe pulmonary hypertension, patient condition may 
deteriorate due to right heart failure. In such cases, con-
version to VA ECMO can be performed or, even from the 
beginning, VA ECMO should be considered. Right heart 
failure during ECMO administration and positive fluid bal-
ance during follow-up indicate poor prognosis of success-
ful bridging. Ideal patients are those who are young and on 
the waiting list for lung transplant. We successfully bridged 
3 of the 4 patients on our waiting list. One-year survival 
was achieved in 2 patients, and they are being continually 
followed up.

More data are needed to support the optimal time for 
applying ECMO. It should be used not only to provide res-
piratory invasive support but also to provide physiologi-
cal support. It may enable the prevention of cardiac arrest 
due to sudden deterioration of condition. The duration of 
ECMO support is the most common factor potentially affect-
ing post-transplant mortality and morbidity. Crotti et al. 
divided patients into two groups in terms of the ECMO sup-
port period using a threshold of 14 days. The patients were 
observed to have worse mortality and survival if the period 
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lasted for > 14 days (25). Moreover, in a study by Inci et al., 
the median waiting period was 21 days; remarkably, bet-
ter survival was observed in patients with a waiting period 
of > 14 days (26). Patients receiving ECMO as a bridge to 
lung transplantation should be routinely reassessed to ensure 
that they do not meet any exclusion criterion for lung trans-
plantation, to ensure optimal benefits, and to avoid futile 
transplantations.

Limitations

The present study has several limitations. Our study was 
retrospective, and it is ethically impossible to perform a pro-
spective study on this issue. In addition, we did not include 
patients who were receiving ECMO but who were not 
included in the waiting list. The condition of these patients 
did not allow transplantation at an external center. Moreover, 
owing to the limited experience of patients bridged to lung 
transplant via mechanical support in Turkey, our sample size 
is limited. We also did not compare our study patients with 
those not receiving ECMO. Furthermore, the median wait-
ing period for transplant was only 4 months in all patients. 
During the study period, we performed 55 lung transplants 
and lost 34 patients on the waiting list. We believe that such 
a comparison would be misleading because most of our 
patients were borderline cases for ECMO support. In the use 
of ECMO as a bridge to lung transplantation, the ventilation 
strategy applied to patients was not defined (in terms of posi-
tive end-expiratory pressure, tidal volume, and inspiratory 
pressure). The ventilation strategy varied daily according to 
patient conditions and the efficiency of the ECMO oxygen-
ator. In almost all patients, the native lung did not participate 
in the oxygenation. ECMO support had to be provided with 
a full flow rate. Furthermore, mechanical ventilatory sup-
port was avoided whenever possible. Based on our limited 
experience, we prefer the use of ECMO as a bridge to lung 
transplantation, but we avoid using it in patients in a very 
poor condition. We do not consider it ethical to refuse bridg-
ing with ECMO, particularly in young patients.

Conclusion

Patients awaiting lung transplant are at high risk of mortal-
ity. The use of ECMO as a bridge to lung transplantation 
in the modern era of lung transplantation has become more 
acceptable with the excellent results reported in recent lit-
erature regarding patients in rapid decline. However, appro-
priate patient selection such as those on the waiting list for 
lung transplantation, young patients, and well-rehabilitated 
patients, is important to achieve optimal benefits.
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