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Primary graft dysfunction (PGD) is a syndrome of acute 
organ dysfunction in the early post-lung transplantation 
(LTx) period. Currently, there are no interventions that 
reliably treat or prevent PGD. However, supportive measures 
can significantly impact the outcomes of lung transplant 
recipients suffering from severe PGD. In this review, we 

provide an overview of the diagnosis, epidemiology, and 
pathophysiology of PGD after lung transplantation and 
describe the management of PGD with extracorporeal life 
support (ECLS), including criteria for instituting ECLS, 
cannulation strategies, and recent outcomes in the use of 
ECLS as a bridge to recovery (BTR) from PGD.
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Abstract: Primary graft dysfunction (PGD) is a complex inflammatory syndrome that can lead to 
respiratory failure after lung transplantation (LTx). The pathogenesis of PGD is multifactorial and can be 
driven by attributes of both the donor and recipient, perioperative characteristics, and technical handling 
of the graft. Despite significant advancements in patient and donor selection, perioperative management 
and surgical technique, PGD is still a major contributor to morbidity and mortality after lung transplant. 
Although there are no known durable treatment options for PGD after LTx, an increasing body of evidence 
and experience in high-volume lung transplant centers show that extracorporeal life support (ECLS) is a 
reliable option for both preventing PGD and supporting critically ill patients with PGD. Both veno-venous 
(V-V) ECLS and veno-arterial (V-A) ECLS are proven and feasible strategies for mitigating the morbidity 
and mortality associated with post-LTx PGD. In this evidence-based review, we provide an overview of the 
epidemiology and physiology of PGD as well as a growing body of data that supports ECLS as a major tool 
to manage PGD. We describe the role of ECMO in PGD prevention and management, worldwide outcomes 
of LTx with ECLS support, and outline our step-wise approach to managing this complex respiratory 
syndrome leading up to institution of ECLS. 
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Definition and diagnosis

PGD is defined as opacifications noted on imaging in the 
setting of a decreased ratio of partial pressure of arterial 
oxygen (PaO2) to fraction of inspired oxygen (FiO2), 
commonly referred to as P/F ratio, within the first 72 hours 
post-transplantation without another identifiable cause (1).

Post-transplant patients are assessed for PGD at 4 time 
points, first at the time of reperfusion of the second lung and 
then at 24, 48, and 72 hours after transplant (1). Assessment 
and grading is based on chest radiograph (evidence of 
diffuse pulmonary opacities in at least one of the allografts) 
and on the P/F ratio, ideally measured with a positive end-
expiratory pressure (PEEP) of 5 cmH2O at a FiO2 of 1.0 
(Table 1) (1). All post-transplant patients receive a PGD 
grade. Patients without opacities on chest radiograph are 
classified as PGD grade 0 and are clinically considered to 
not have PGD. Patients with opacities on chest radiograph 
and P/F ratio of >300 are classified as PGD grade 1, 
patients with opacities and P/F ratio of 200–300 as PGD 
grade 2, and patients with opacities and P/F ratio of <200 as 
PGD grade 3. Patients with opacities on chest radiograph 
while on ECLS are automatically classified as PGD grade 3. 
Patients on ECLS without opacities on chest radiograph are 
considered ungradable (Table 1) (1).

PGD is a diagnosis of exclusion. Therefore, patients 

presenting with hypoxia and lung opacities in the immediate 
post-transplant period must undergo a complete workup 
to exclude conditions which may present in a similar 
manner, including hyperacute rejection, volume overload, 
left ventricular dysfunction, pulmonary venous outflow 
tract obstruction, aspiration pneumonia, and transfusion-
related acute lung injury (1). The work up for suspected 
PGD will typically include assessment of cardiac function 
[transthoracic or transesophageal echocardiogram (TEE)], 
airway obstruction from secretions or mucous plugs 
(bronchoscopy), and lung pathology [chest computed 
tomography (CT)] (1).

Epidemiology and pathophysiology

The 2016 consensus statement by the International 
Society for Heart and Lung Transplantation (ISHLT) 
PGD working group describes the incidence of PGD to 
be between 15% and 57% and the incidence of severe 
PGD between 15% and 20% (2). Severe PGD accounts 
for approximately 30% of patient mortality in the first 
month and 50% within the first year of transplant (3,4). 
PGD has been linked to the development of bronchiolitis 
obliterans syndrome, the predominant form of chronic lung 
allograft dysfunction (CLAD) and a major determinant of 
long-term outcomes in lung transplant recipients. Overall, 
despite significant advancements in patient selection, donor 
selection, pre-operative optimization, surgical technique, 
and post-transplant care, PGD is still a major contributor to 
overall morbidity, mortality and poor allograft function in 
lung transplant recipients (3-6).

Pathogenesis of PGD is multifactorial. Donor lungs are 
vulnerable to injury at multiple time points beginning at donor 
brain death, which is associated with an inflammatory cascade 
that is particularly detrimental to lung function (7). Following 
organ recovery, an obligatory period of ischemic cold 
storage followed by organ reperfusion plays a critical role in 
the development of PGD via generation of reactive oxygen 
species (ROS) (5). It is hypothesized that chemokines 
generated from oxidative stress recruit and activate innate 
immune cells, driving antigen presentation and resulting 
in chronic inflammation (6,8). Risk of PGD depends on 
the severity of ischemic injury, measured as warm and cold 
organ ischemic time. Prolonged ischemic time has been 
associated with the need for post-operative ECLS for 
refractory grade 3 PGD (9). To minimize the deleterious 
effects of ischemic time, donor organs are transported 
cold in a preservation fluid at 4 to 8 degrees Celsius 

Table 1 Clinical classification of primary graft dysfunction

Grade at T0, T24, 
T48, T72 (hours)

Opacities on 
CXR

P/F Revision

0 No Any –

1 Yes >300 –

2 Yes 200–300 –

3 Yes <200 –

3 Yes – If on ECLS 

Ungradable No – If on ECLS

Note: (I) Patients not mechanically ventilated should have  
P/F ratio calculated in similar manner as those being ventilated; 
(II) inhaled nitric oxide or other pharmacologic agents that may 
improve oxygenation should not change grading methods; 
(III) P/F ratio should ideally be measured on positive end 
expiratory pressure of 5 cmH2O at FiO2 of 1.0 while patients 
are on mechanical ventilation; (IV) T0 starts at reperfusion of 
second lung. Adapted from 2016 ISHLT consensus statement 
on Primary Graft Dysfunction (1). CXR, chest X-ray; P/F, partial 
pressure of arterial oxygen to fraction of inspired oxygen; FiO2, 
fraction of inspired oxygen; ECLS, extracorporeal life support.
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and limit the duration of cold ischemic time to less than  
8 hours (10). Recent research has challenged this convention 
by relaxing the preservation temperature to 10 degrees 
Celsius and widening the cold ischemic time to greater than  
8 hours (11). The donor lungs are transported while 
inflated with an FiO2 between 0.3 to 0.5 to facilitate 
aerobic metabolism—a practice that may also increase the 
production of reactive oxygen species (10,12). Allograft 
ischemia is further potentiated by hypoperfusion, as 
bronchial arteries are typically not re-anastomosed during 
transplant. New evidence is emerging supporting warmer 
preservation temperatures, up to 10 degrees Celsius, 
that can not only improve organ function by producing 
cytoprotective metabolites but can also prolong preservation 
time up to 16 hours without deleterious effects (11).

PGD is also driven by non-ischemic mediators of graft 
injury. Both recipient and donor characteristics have 
been implicated. Recipient characteristics linked with an 
increased risk of PGD include female gender, African 
American descent, diagnosis of idiopathic pulmonary 
fibrosis or sarcoidosis, primary pulmonary hypertension 
(PH), and body mass index greater than 25 (13-15). Donor 
characteristics linked to PGD include age greater than 65, 
blood transfusion (greater than or equal to 3 units of packed 
red blood cells (PRBCs) shortly before organ donation, 
and chronic tobacco or alcohol use (16-22). These donor 
and recipient characteristics are thought to represent acute 
and chronic stressors that contribute to the development of 
PGD by potentiating inflammation (23-25).

Role of ECLS in PGD

The first  reports of ECLS for PGD date back to 
1978, when Dr. Cooper and his colleagues in Toronto 
performed a single right lung transplantation on a 19 year-
old burn victim supported preoperatively with ECLS. 
ECLS was continued intraoperatively and then extended 
postoperatively for 96 hours to allow organ recovery from 
reperfusion injury. The patient was successfully weaned off 
ECLS and was ambulatory without supplemental oxygen by 
postoperative day 10 (26).

While approximately 5% of recipients in the UNOS 
registry are reported to require ECLS post-LTx (8), this 
number is likely to increase in the future as higher-risk 
candidates become prioritized on the waitlist (27). There 
are currently no consensus guidelines for using ECLS 
post-transplantation, and frequency and threshold for 

instituting ECLS post-implantation varies widely from 
institution to institution. A number of high-volume centers 
have described their approach to ECLS deployment in this 
setting (28-32). There are two main indications for ECLS 
post-transplantation: (I) treatment of severe PGD; or (II) 
prevention of PGD. Because extracorporeal membrane 
oxygenation (ECMO) is the terminology used in nearly all 
the reports in reference to PGD, we will refer to ECLS as 
ECMO for the remainder of the discussion.

ECMO as a BTR for severe PGD (treatment of PGD)

Patients with grade 1 and 2 PGD can typically be 
conservatively managed with fluid restriction, diuresis, lung-
protective ventilation, and empiric antibiotics. However, 
patients with refractory hypoxemia may benefit from the 
addition of pulmonary vasodilator therapy, such as inhaled 
nitric oxide (iNO) or epoprostenol. One center recommends 
high-frequency jet ventilation, a steady administration of 
prostacyclins or surfactant into the lungs (29). However, 
when supportive medical therapy and ventilatory support 
fails, patients may require initiation of ECMO as a BTR. 
The deployment of ECMO relies on a rapid and accurate 
assessment of the primary underlying issue: (I) PGD 
without cardiac or hemodynamic instability; (II) primary 
cardiac dysfunction and/or hemodynamic instability 
without PGD; or (III) a mixed picture of cardiopulmonary 
dysfunction.

ECMO for PGD without cardiac or hemodynamic 
instability
Criteria for ECMO institution
Despite the lack of uniform criteria for initiating ECMO 
for severe PGD, specific clinical recommendations can 
still be offered based on the currently available literature. 
Some providers consider initiating ECMO for worsening 
general trends in laboratory and clinical parameters, such as 
progressive hypoxemia despite optimized ventilatory support, 
worsening intraoperative and postoperative P/F ratios, new 
iNO requirements, worsening radiographic imaging, and 
frothy pulmonary edema on bronchoscopy (33). Others 
initiate ECMO based on specific and set clinical criteria, 
such as P/F less than 100 (34), peak inspiratory pressures 
reaching 35 cmH2O, or FiO2 exceeding 0.6 required to 
maintain adequate oxygenation (35). All efforts are focused 
on protecting the allograft from the injurious effects of 
aggressive ventilation and oxidative stress from high FiO2, 
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allowing the lungs time to rest and recover.
Type of ECMO and cannulation strategy
Although veno-arterial (V-A) ECMO is most commonly 
employed intraoperatively during implantation, veno-
venous (V-V) ECMO is the preferred strategy for PGD 
without hemodynamic dysfunction or right ventricular (RV) 
compromise (30,35-37). The Duke group recommends 
V-V ECMO even when there are signs of early right heart 
dysfunction and elevated pulmonary arterial (PA) pressures, as 
they believe that improving gas exchange will resolve hypoxia- 
and acidosis-driven pulmonary vasoconstriction (35). In the 
absence of hemodynamic fluctuations or PH, surgeons 
may elect to transition from intraoperative V-A ECMO to 
either central V-V ECMO [authors’ institutional experience 
with right atrial (RA) to PA cannulation] or to peripheral 
V-V ECMO by one of three methods: (I) bilateral femoral 
venous cannulation (30); (II) femoral vein-internal jugular 
(IJ) venous cannulation (35); or (III) dual-lumen single site 
cannulation of the internal jugular vein (right or left) (35).  
The choice of cannulation depends on patient factors, 
including anatomy (patency and accessibility of femoral or 
internal jugular veins), physiology (degree of hypoxia and 
need for higher flows), and rehabilitation plans, as well as 
on surgeon experience and preference.
Advantages and pitfalls of V-V ECMO
One major advantage of V-V ECMO is that it maintains 
the physiologic direction of well-oxygenated, pulsatile 
blood flow through the pulmonary vascular bed, allowing 
the lung parenchyma time to recover from hypoxic and 
ischemic insult (38). The advantage of central V-V (RA to 
PA) ECMO over peripheral V-V ECMO is that central 
V-V ECMO can unload the RV in the event of hypoxia-
driven RV dysfunction while maintaining circulation 
through the left side of the heart. Despite these advantages, 
large cannulae in low pressure venous systems can impede 
flow leading to venous stasis, narrowing, or occlusion 
and subsequent deep venous thrombosis, complicating 
patient recovery and increasing the need for systemic 
anticoagulation. Also, central V-V ECMO requires partial 
chest closure, increasing the risks of bleeding, infection, and 
prolonged sedation and/or paralysis with resultant extended 
bedrest.

ECMO for PGD with cardiac or hemodynamic 
instability (cardiopulmonary dysfunction)
Criteria for ECMO institution
Post-LTx PGD complicated by RV dysfunction can occur 

in recipients with or without pre-existing PH. In addition to 
hypoxia, clinical signs may include hemodynamic instability 
upon weaning from intraoperative extracorporeal support 
[ECMO or cardiopulmonary bypass (CPB)], increasing 
inotrope requirements, increasing pulmonary arterial 
pressure, RV dysfunction on TEE, ventricular tachycardia, 
premature ventricular contractions, lactic acidosis, and 
decline in mixed venous oxygen (SvO2) (38). However, 
careful evaluation of other etiologies of hemodynamic 
instability (e.g., hemorrhagic, cardiogenic, anaphylactic, 
or distributive shock), with particular attention to TEE 
to rule out new valvular abnormalities or wall-motion 
abnormalities, should be carried out prior to diagnosis of 
PGD with cardiac dysfunction.
Type of ECMO and cannulation strategy
For those with cardiac and/or hemodynamic instability with 
PGD, V-A ECMO is the support of choice. There are two 
possible cannulation strategies, each with advantages and 
disadvantages: (I) continuation of or transition (from central 
CPB) to central V-A ECMO (right atrium to aorta); or (II) 
transition from central to peripheral femoral V-A ECMO.
Advantages and pitfalls of central vs. peripheral femoral 
V-A ECMO
Central V-A ECMO with an ‘open’ chest not only 
eliminates the need for another operative site and procedure 
(peripheral femoral V-A ECMO), but also diminishes 
some of the physiologic and mechanical derangements 
on the edematous  a l lograf ts  f rom primary chest  
closure (39). Though there is a theoretical concern for 
mediastinal infection in patients with partial chest closures, 
several studies have not demonstrated a difference in deep 
wound infection in patients with open chests (40,41). 
Additionally, central V-A ECMO maintains antegrade 
flow of oxygenated blood to the coronaries and brain, 
avoiding the Harlequin syndrome associated with femoral 
V-A ECMO (27). Furthermore, femoral V-A ECMO is 
associated with significant vascular complications including 
limb-threatening arterial and venous insufficiency from 
stenosis and/or thrombosis (42). On the other hand, central 
cannulation with an open chest frequently requires sedation 
and/or paralysis while femoral cannulation may not. In the 
end, the decision between central versus peripheral femoral 
V-A ECMO is made based upon the patient’s anatomy 
(including size of the femoral vessels and risk of vascular 
insufficiency) and physiological needs (as central ECMO’s 
larger cannula size provides higher flow), alongside surgeon 
preference and experience.
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ECMO for prevention of PGD and/or to facilitate cardiac 
remodeling

Prevention is the best intervention. In addition to 
preoperative planning and acknowledgment of donor and 
recipient factors, intraoperative choices can prevent or 
reduce the risk of PGD. Ongoing work with portable and 
non-portable ex vivo lung perfusion platforms have made 
notable benefits on graft function in the short term, though 
the impact of these devices in the long-term still have not 
demonstrated superiority to conventional preservation 
methods. The high costs of these devices also restrict their 
use. Thus, long term follow up is needed to clarify the 
effectiveness and role of EVLP in prevention of PGD (43).

The use of CPB during lung transplantation has also 
been linked to an increased risk of PGD. A large meta-
analysis of 13 studies over four decades, as well as a 
multicenter prospective study by the Lung Transplant 
Outcomes Group examining the risk factors for PGD, 
found the use of CPB to be an independent risk factor 
for PGD (OR 3.4; 95% CI: 2.2–5.3; P<0.001) (13,14). 
A more recent study including 10 high-volume centers  
(>40 LTx/year) around the globe compared intraoperative 
mechanical circulatory support (CPB and ECMO) with off-
pump LTx. ECMO was associated with a lower incidence 
of PGD compared to CPB (28.9% vs. 42.7%), but a higher 
incidence than off-pump LTx (12%) (44). There are no 
prospective randomized trials comparing ECMO to CPB. 
Several single-center retrospective studies have shown 
lower transfusion rates, decreased renal impairment, and 
reduced need for reintubation with intraoperative ECMO 
as compared to CPB (45-47). For these reasons, alongside 
recent improvement in ECMO technology, ECMO has 
replaced CPB in most centers as the intraoperative support 
strategy of choice during lung transplant surgery.

While only 30% to 40% of patients require mechanical 
circulatory support during lung transplantation for 
either cardiac, pulmonary, or cardiopulmonary support, 
emerging evidence suggests that routine use of ECMO 
intraoperatively can diminish or prevent PGD (48). By 
reducing blood flow through the allograft vascular bed, fluid 
extravasation and further impairment of pulmonary function 
can be decreased. Therefore, in some practices (including 
authors’), controlled reperfusion of the allograft by ‘slow’ 
ECMO wean intraoperatively after implantation has become 
standard practice (49-52). In fact, the lung transplant team 
at the Medical University of Vienna in Austria now not only 
performs all lung transplantations on central V-A ECMO, 

but also extends ECMO to the postoperative setting 
(transitioning from central to peripheral femoral V-A) for 
a period of hours to days to facilitate prolonged controlled 
reperfusion of the allograft. They report excellent outcomes 
with a decrease in the frequency of grade 3 PGD (1.3% 
versus 15% to 20% ISHLT reported rates in the same time 
period) with a global 2-year survival rate of 86% (53).

The concomitant use of intra- and post-operative 
V-A ECMO is also advocated for prevention of PGD in 
patients with pulmonary arterial hypertension (PAH) or 
WHO group 3 PH undergoing bilateral lung transplant. 
Patients with PH undergoing LTx carry a high risk of 
early procedural morbidity (3.5-fold increased risk of 
PGD) (13,16) and mortality (54) attributed to PGD. 
The mechanism of PGD in PH is likely multifactorial, 
including pulmonary edema secondary to endothelial 
injury as well as left ventricular deconditioning in PH 
requiring acclimatization to a new ‘normal’ preload after 
transplantation. Tudorache and colleagues from Hanover, 
Germany published their experience with prophylactic 
extension of V-A ECMO post-transplant for PH. The 
median duration of mechanical ventilation (P<0.0001), 
intensive care unit length of stay (P<0.0005) and median 
total length of stay post-transplantation (P<0.0023) were 
all shorter in the group who had V-A ECMO extended 
post-operatively. The 90-day survival was 100% in the V-A 
ECMO extension group compared to 85% in the group 
that did not receive extended ECMO, though this finding 
did not reach statistical significance (55).

Outcomes of PGD with ECMO support

The ISHLT registry reports a 1- and 5-year survival rate 
of 85% and 59%, respectively, for those undergoing lung 
transplant, with some individuals surviving up to 10 years 
post-transplant (56). However, outcomes for patients who 
experience PGD requiring ECMO are inferior.

Survival outcomes

Early morbidity and mortality for PGD is high. Several 
studies have reported 30- and 90-day mortality from severe 
PGD to be roughly between 23% to 35% (13,57,58). 
Similarly, long term survival is diminished in those with 
severe PGD with 1-year survival ranging between 35% to 
73% (59,60). While there are no prospective randomized 
trials comparing outcomes of severe PGD managed with and 
without ECMO, several series have specifically examined 
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the impact of ECMO on both short and long-term 
outcomes. For example, the Pittsburgh group reviewed their 
experience with ECMO for PGD and compared it those 
who did not require ECMO. The ECMO group’s 30-day  
survival was 56%. The 1- and 5-year survival in patients 
requiring ECMO was significantly lower than those who 
did not require ECMO (40% and 25% vs. 82% and 52%, 
respectively) (30). Hartwig and colleagues published their 
experience exclusively with V-V ECMO for severe PGD. 
The 30-day graft survival for the ECMO group was 82% 
compared to 97% for those who did not require ECMO. 
The 3- and 5-year survival was 49% for patients receiving 
ECMO while the no-ECMO group had survival rates of 
74% and 61%, respectively (35). Bellier and colleagues from 
the Foch Hospital in France reported a 90-day mortality 
of 50% in patients receiving ECMO (36). Boffini and 
colleagues from the University of Torino in Italy examined 
the impact of post-transplant ECMO on outcomes over 
an 11-year period. ECMO after lung transplantation was 
an independent predictor of in-hospital mortality (44% 
ECMO vs. 8% without ECMO). The 1- and 5-year survival 

were also significantly impacted by post-transplant ECMO 
[hazard ratio (HR) 5.5, P<0.001 and HR 3.5, P<0.001 for 1- 
and 5-year, respectively] (61).

These international studies demonstrate the reproducible 
finding that while ECMO BTR is a feasible option in a 
cohort with an otherwise dismal outlook, the short- and 
long-term outcomes are poorer compared to patients who 
do not require ECMO. A summary of representative studies 
on ECMO as a BTR from PGD is presented in Table 2.

Impact of timing of ECMO deployment on outcomes

The timeliness of instituting ECMO for PGD has been 
associated with favorable survival outcomes. The report 
from Nelems and colleagues from Toronto General Hospital 
in 1978 may be the first study advocating ‘early’ ECMO 
support for PGD, by extending intraoperative support 
to the postoperative setting (26). Since then, a variety of 
contemporary reports have supported early institution of 
ECMO for PGD. Meyers and colleagues described their 
experience with ECMO for PGD and concluded that early 

Table 2 ECMO as a bridge to recovery from PGD

Authors, year of 
study

Total number of patients 
(N); incidence of ECMO

Type of ECMO and timing
ECMO for PGD survival 
outcomes

No ECMO survival 
outcomes

Meyers et al., 
2000

N=444; incidence: 2.7% V-A ECMO: N=3 femoral access,  
N=9 central access

58.33% to discharge Not reported

Wigfield et al., 
2007

N=286, incidence: 7.9% V-A ECMO: Early: ECMO <24 h from 
transplant, N=17; Late: ECMO >24 h 
from transplant, N=5

Early: 30-day: 74.6%, 1-year: 
54%, 3-year: 36%. Late: 0% 
to discharge

30-day: 97.5%; 
1-year: 88.6%; 3-year: 
73.8%

Bermudez et al., 
2009

N=763; incidence: 7.6% V-A ECMO: N=26. V-V ECMO: 
N=32, ECMO started within 7 days 
of transplant

V-A ECMO: 30-day: 58%; 
1-year: 42%; 5-year: 29%. 
V-V ECMO: 30-day: 55%; 
1-year: 39%; 5-year: 22%

30-day not reported; 
1-year: 82%; 5-year: 
54%

Hartwig et al., 
2012

N=498; incidence: 5.6% V-V ECMO: N=28 30-day: 82%; 3-year: 49%; 
5-year: 49%

30-day: 97%; 3-year: 
74%; 5-year: 61%

Ius et al., 2018 N=319; ECMO incidence: 
16%, CBP incidence: 14%

V-V ECMO: N=52; CBP: N=46 90-day: 81%; 1-year: 81% CBP group: 90-day: 
70%, 1-year: 56%

Boffini et al., 
2019

N=195; incidence: 12.8% V-V ECMO: N=25 HR, ECMO vs. no ECMO: 
1-year, 5.5 (95% CI: 3–10); 
5-year, 3.5 (95% CI: 2–6)

–

Bellier et al., 
2019

N=211; incidence: 11.4% V-A ECMO: N=23; V-V ECMO: N=1 90-day: 50% Grade 1 & 2 PGD:  
90-day: 89% & 91%

Harano et al., 
2021

N=1,049; incidence: 9.15% V-A ECMO: N=18; V-V ECMO: N=78 90-day: 67.3%; 1-year: 50%; 
5-year: 31.5%

Not reported

ECMO, extracorporeal membrane oxygenation; PGD, primary graft dysfunction; V-A, veno-arterial; V-V, veno-venous; CBP, 
cardiopulmonary bypass; HR, hazard ratio. 
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institution of ECMO increases the likelihood of success (62). 
Wigfield and colleagues reported outcomes of early (<24 h 
post transplantation) versus late (>24 h post transplantation) 
institution of ECMO. The early ECMO group had a 
survival rate of 67% and 49% at 1 and 5 years, respectively. 
In contrast, the late group had 100% mortality with a mean 
survival of 33 days (33). A more recent retrospective cohort 
study from the University of Pittsburgh focusing on time 
to initiation of ECMO for refractory PGD found that time 
to initiation of ECMO more than 48 hours post-transplant 
was independently associated with an increased risk of in-
hospital, 1-year, and 3-year mortality (63).

While the definition of early and late ECMO timing 
varies from report to report, most studies support the 
institution of ECMO as soon as signs of graft failure 
become evident rather than using it as a last resort when 
all else has failed. Early institution of ECMO can limit the 
extent of ventilator-induced allograft injury by reducing 
barotrauma and exposure to oxygen free radicals.

Functional outcomes

Most studies of ECMO for PGD have focused on survival 
statistics, but a few studies have addressed the long-term 
impact on graft function. Virtually no studies have examined 
the quality-of-life following ECMO for PGD. Two studies 
demonstrated a significantly reduced forced expiratory 
volume in one second (FEV1) in patients who received 
ECMO (34,35), yet another found no difference in FEV1 
at 1 or 2 years in those who were successfully weaned from 
ECMO compared to those who did not receive ECMO (30). 
Future studies should examine the long-term graft function 
and quality of life following ECMO BTR for PGD.

How we do it: V-A and V-V ECMO for PGD

At the University of California, San Francisco, the authors’ 
approach to post-LTx recovery is hallmarked by two simple 
guiding principles: (I) preventing PGD; and (II) ‘early’ 
treatment of PGD. To this end, we manage our patients 
immediately post-LTx by following the decision tree 
described in Figure 1. Beginning in 2013, our intraoperative 
mechanical support of choice was switched from full CPB 
to central V-A ECMO for most cases. Upon completion 

of the final anastomosis, the patient undergoes controlled 
reperfusion with obligatory ECMO wean over 10 to  
15 minutes with the lungs ventilated at an FiO2 of 0.4, 
PEEP of 5–6 cmH2O, and tidal volumes of 6 cc/kg. During 
this reperfusion period, the surgeon continues to monitor 
and assess the allograft function (via oxygen saturation 
and ventilation, peak airway pressures, and bronchoscopic 
findings), hemodynamics, and RV function. Hypoxia, frothy 
pulmonary edema on bronchoscopy, lung parenchymal 
swelling, and elevated airway pressures are valuable clinical 
indicators of respiratory failure after lung transplantation. 
Trends in arterial blood gases are closely monitored as 
ECMO is weaned.

For the prevention of PGD

If the patient has a pre-existing diagnosis of PH (primary 
PH or WHO group 3 severe PH) or is on ECMO as a 
bridge to transplant for severe RV dysfunction, we strongly 
consider extending intraoperative V-A ECMO to the 
early postoperative period to allow prolonged controlled 
reperfusion and to facilitate LV remodeling.

For the treatment of PGD

Intraoperatively, once the period of controlled reperfusion 
is complete and the patient has been weaned off V-A 
ECMO, a P/F less than 150 in the absence of hemodynamic 
instability warrants strong consideration for V-V ECMO as 
a BTR from PGD. We prefer a dual lumen single cannula 
placed in the right internal jugular vein. Conversely, 
in patients with P/F less than 150 with the presence of 
hemodynamic instability and/or RV dysfunction, V-A 
ECMO is extended to the postoperative setting to support 
graft recovery, hemodynamics, and RV unloading. In 
contrast to the Vienna group practice, we frequently will 
continue central V-A ECMO with partial chest closure, 
as opposed to conversion to peripheral femoral V-A 
ECMO support. In our experience, central V-A ECMO 
and delayed chest closure do not increase post-transplant 
surgical-site infection or mortality (41). Finally, if the 
patient demonstrates a P/F greater than 150 without any 
hemodynamic instability or RV dysfunction, intraoperative 
separation from ECMO is performed.
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Conclusions

This review highlights the feasibility of instituting early 
ECMO after lung transplant, summarizes the data 
available from major centers around the world, and 
provides a step-wise approach to bringing a patient from 
the immediate post-implantation period to the intensive 
care unit. Although this review is limited to observational 
retrospective and prospective studies, the data presented 
above summarize the currently available knowledge of 
worldwide practices. A randomized controlled trial has yet 
to be performed in this field of study but the current data 
validates V-A and V-V ECMO as support modalities for 
severe PGD. Modern practices for lung transplantation 
vary widely, but there is growing evidence that ECMO 
is accepted as a major tool for surgeons treating PGD. 
While it is important for surgeons to familiarize themselves 
with the different indications and strategies for instituting 
ECMO, emphasis should be placed on developing uniform 
strategies for approaching PGD in lung transplant 

recipients.
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