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Abstract
Lung transplantation may be appropriate, and may offer benefit only to a carefully selected subset of morbidly ill patients 
afflicted by coronavirus disease-2019. Identifying the appropriate recipient for the allocation of scarce resources, by safely 
navigating through the challenges that are unique to lung transplantation for coronavirus disease-2019–associated acute 
respiratory distress syndrome, demands a conscientious and meticulous approach. Categorizing the respiratory failure in 
coronavirus disease-2019 may facilitate the process of evaluation for the purpose of transplant. The progress in rescue 
transplants over the past two decades has greatly improved our ability to successfully perform high-risk lung transplantation.

Keywords  Lung transplantation · Acute respiratory distress syndrome · Coronavirus disease-2019 · Extracorporeal 
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Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) is a novel virus that caused the first human infection 
in 2019 and then has spread throughout the world, resulting in 
a pandemic of viral infections and acute respiratory distress 
syndrome (ARDS) [1]. The case fatality rates of the ongoing 
pandemic of coronavirus disease-2019 (COVID-19) were esti-
mated to be as high as 7% [2]. Majority of deaths were caused 
by respiratory failure [3]. A subset of carefully selected patients 
among morbidly ill COVID-19 patients could potentially be 
rescued safely by lung transplantation. The scope of this review 
is to improve our understanding on the role of lung transplant 
surgery in COVID-19 ARDS and pulmonary fibrosis.

Categories of end‑stage respiratory failure 
in COVID‑19

COVID-19 patients with suspected end-stage lung dis-
ease are not a homogenous population from a lung trans-
plant standpoint. The evaluation, risk stratification, and 

management would vary significantly depending on the 
patient profile. End-stage respiratory failure in COVID-19 
can be classified into 4 groups as shown in Table 1, based 
on the acuity and severity of illness for the purpose of lung 
transplant risk stratification and evaluation.

Transplant evaluation and risk stratification for patients in 
group 1 are similar to patients with chronic respiratory fail-
ure from other pulmonary diseases [4]. The key difference is 
the trajectory of the illness. Patients who have an end-stage 
respiratory failure due to chronic lung diseases generally 
have a gradual decline in lung function over time. However, 
majority of patients with post-COVID-19 lung fibrosis have 
a gradual improvement in symptoms and oxygen require-
ment. A subset of these patients might have an advanced 
fibrosis and irrecoverable lung injury. Such patients would 
have a prolonged persistence of the respiratory failure with-
out a significant improvement in lung function. They might 
benefit from lung transplantation, depending on the severity 
of disease and quality of life impairment after confirming 
irreversibility of respiratory failure. The timing of evaluation 
is usually not pressing in this group of patients, as the decon-
ditioning that accumulated during the acute phase of illness 
would improve with time, even though the lung function 
does not recover. A delayed evaluation and transplantation 
could favorably impact the outcome of transplant.

Patients in groups 2, 3, and 4 are acutely ill and, hence, 
the timing of evaluation and transplant is vital. The 
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possibility of patient recovering with passage of time should 
be balanced against the risk of developing colonization or 
infection with multidrug-resistant organisms and severe neu-
romuscular and cardiac deconditioning from prolonged criti-
cal illness. Lung transplantation is a rescue procedure in this 
situation and the risk for complications is higher. Perhaps 
patients in group 2 have the highest chance of improving, 
and hence, watchful waiting is a reasonable approach for 
them. Also, group 2 patients provide a window, where a 
conversation about lung transplant can be initiated and a 
close follow-up by transplant team performed. Aggressive 
strategies to optimize nutrition and deconditioning should 
be employed during this period. The high case fatality rate 
of patients in groups 3 and 4 without intervention suggests 
that probability of a favorable outcome is poor after 4 to 
6 weeks of disease. It is appropriate to consider early refer-
ral to lung transplant team in these patients. Potential can-
didates in group 3 should be considered for transitioning to 
extracorporeal membrane oxygenation (ECMO) support as 
early as possible, as it may facilitate awakening and physical 
rehabilitation.

Case fatality rate for patients with COVID‑19 
on life support devices

Majority of patients with COVID-19 have mild illness. 
Patients with severe lung injury might require mechanical 
ventilation and/or ECMO. A subset of critically ill patients 
could recover with supportive care and medical manage-
ment. However, the rest of the patients might develop irre-
versible injury and progressive respiratory failure result-
ing in death. To understand the role of lung transplant in 
COVID-19, it is imperative to know the clinical course 
of patients with severe lung injury requiring life support 
measures.

Lim et al. conducted a meta-analysis of 69 studies from 
across the globe, of patients who received invasive mechani-
cal ventilation (IMV) for COVID-19 [5]. The study ana-
lyzed the outcome of 57,420 patients on IMV. Almost half of 
patients with COVID-19 receiving IMV died. Case fatality 
rate is substantially higher among older patients, with more 
than 70% of patients over 60 years of age receiving IMV 
dying.

A period of ECMO support might help to bridge patients 
until the severe lung injury recovers. However, the expe-
rience so far suggests that the eventual outcome is poor 
in majority of patients who received ECMO. Barbaro 
et al. used the data from the Extracorporeal Life Support 
Organization Registry to evaluate the in-hospital mortal-
ity in patients who received ECMO for COVID-19 [6]. Out 
of the 1035 patients included in the study, only 30% were 
discharged home or to an acute rehabilitation center. The 
in-hospital death in a time-to-event analysis, assessed at 
90 days after ECMO initiation, occurred in 39% of patients 
with data on final disposition. A significant proportion of 
patients were either discharged to another hospital, remained 
in the intensive care unit (ICU), or transferred to long-term 
acute care center during the 90 days follow-up. Majority of 
the patients in this study needed prolonged critical care sup-
port and hospitalization.

Critically ill patients with COVID-19 continue to have 
dismal prognosis with high case fatality rate. Interven-
ing this course of disease with lung transplantation might 
favorably impact the morbidity and mortality. To achieve 
a safe outcome using a resource that is limited in supply, it 
is vital to carefully identify the right candidate and optimal 
timing for the intervention.

History of “rescue” lung transplantation

The first lung transplant was performed in 1963 [7]. The 
outcomes were poor in the initial days of lung transplant 
history. Even though transplants were performed in many 
centers globally over the following 2 decades, majority of 
patients died within 30 days of transplantation [8]. Success-
ful transplantation with good long-term survival began only 
in 1983 [9]. Most of the early transplants were conducted 
as rescue intervention in critically ill patients with severe 
respiratory failure. In addition to differences in surgical 
techniques, immunosuppression, and critical care, less than 
optimal candidate selection could have played a role in poor 
outcomes in early years of lung transplant surgery.

Currently, such rescue transplants are performed for 
only a small subset of patients with acute or chronic lung 
diseases after careful candidate selection and optimization 

Table 1   Categories of respiratory failure in COVID-19

Group 1 Post-COVID-19 pulmonary fibrosis with extensive irrecoverable lung injury and prolonged respiratory failure on 
low flow oxygen for more than 3 to 6 months from symptom onset

Group 2 Post-COVID-19 pulmonary fibrosis with chronic respiratory failure on high flow oxygen or non-invasive ventilation
Group 3 Acutely ill COVID-19 patients with ARDS on invasive mechanical ventilation
Group 4 Acutely ill COVID-19 patients with ARDS on ECMO
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[10]. Using ECMO as a bridge to lung transplant, rather than 
mechanical ventilation, in patients with refractory respira-
tory failure has shown to have better postoperative outcomes, 
perhaps related to the ability to stay awake and participate in 
rehabilitation [11]. Recent analyses suggest that the survival 
outcomes of rescue transplants, with ECMO as a bridge, are 
comparable to national average for lung transplantation in 
the USA [12]. However, over the years, the strategies of can-
didate selection and preoperative management have evolved 
in rescue transplants and it could have contributed to the 
optimization of outcomes.

The Vienna Extra Corporeal Life Support (ECLS) Pro-
gram published a retrospective review of their 20 years’ 
experience in ECMO as a bridge to lung transplantation 
[13]. The analysis highlights the obvious “era effect” in res-
cue transplants. They categorized the 120 patients into three 
groups based on the transplant era. Patients bridged in the 
third era (between 2010 and 2017) have a 1 year survival of 
77.1%, while it was only 34% in the first era (between 1998 
and 2004). In the third era, 34.3% of patients were bridged in 
“awake” state, in comparison to previous eras where patients 
were sedated. Hoetzenecker et al. reported a review of 71 
patients who were bridged to lung transplant using ECMO 
with a 1 year survival of 70% [14]. The median duration of 
ECMO before transplant was 10 days in this study popula-
tion. Twenty-five patients (35%) were extubated while on 
ECMO and 37% were mobilized in this case series. Biscotti 
et al. reported a 1 year survival of 85% in a group of 26 
patients who were awake and ambulated while on ECMO 
before transplantation [12].

Rescue lung transplantation has gradually evolved to a 
sort of semi-elective procedure, with careful patient selec-
tion, optimal timing of ECMO initiation, and methodical 
approach in preoperative patient management.

Challenges of bridging COVID‑19 respiratory 
failure patients to lung transplantation

(1)	 Establish the presence of irrecoverable loss in lung 
function

	   Establishing the presence of significant irreversible 
lung injury is key before pursuing lung transplanta-
tion. The morbidity and mortality risks associated 
with lung transplant surgery and the long-term medi-
cal management needed to successfully maintain the 
graft limit the number of candidates who could benefit 
from this intervention. Studies so far have identified 
that residual radiographic findings are not uncommon 
after COVID-19 [15]. Majority of these changes do 
not have a significant physiological dysfunction [16]. 
Respiratory impairment due to COVID-19 pneumonia 
could improve over time once the acute inflammation 

has settled. However, depending on the extent of acute 
lung injury and post-infection pulmonary fibrosis, the 
severity of residual respiratory failure might vary [17]. 
Three parameters could provide us adequate informa-
tion to form a safe opinion regarding irreversibility. 
They are the severity of respiratory failure at the time 
of assessment, duration since symptom onset, and the 
pattern and severity of radiographic findings. Patients 
with severe hypoxic and hypercapnic respiratory fail-
ure and radiographic evidence of fibrotic changes like 
honey combing, cystic airspace changes, and bronchi-
ectasis are likely to have significant residual respiratory 
failure even after the inflammation subsides [18].

(2)	 Potential for infection transmission
	   Lung transplant for COVID-19-associated pulmo-

nary fibrosis carries the theoretical risk of transmission 
of infection to the lung allograft and the transplant care 
team during surgery and in the postoperative phase. 
Laboratory and epidemiological studies regarding the 
duration of SARS-CoV-2 detection in polymerase chain 
reaction-reverse transcription (RT-PCR), viability of 
the virus, and infectiousness to contacts have been 
conducted and can provide guidance to safely select 
the candidates. So far, majority of such transplants 
are performed in patients who are SARS-CoV-2 nega-
tive by RT-PCR from bronchoalveolar lavage (BAL) 
and nasopharyngeal swab [19]. However, a significant 
proportion of critically ill patients have a prolonged 
detection of ribose nucleic acid (RNA) from respiratory 
specimen [20]. Even though some recovered patients 
continue to have SARS-CoV-2 RNA detected in their 
upper respiratory specimens for up to 12 weeks, a study 
of 285 “persistently positive” persons found no second-
ary infections among 790 contacts [21].

	   RT-PCR is a useful study to confirm the etiology 
of patient’s illness. However, it is an incomplete sur-
rogate to evaluate transmissibility and infectiousness. 
Cycle threshold (Ct) in RT-PCR is a semi-quantitative 
measure and provides a more granular evaluation of 
infectiousness, compared to the dichotomized approach 
of RT-PCR. The identification of replication-compe-
tent virus particles from patient specimen using viral 
culture is a more accurate parameter to define infec-
tiousness. However, viral cultures are only performed 
in biosafety level 3 laboratories, which are limited in 
number.

	   Bullard et al. demonstrated, by analyzing 90 sam-
ples for viral replication, that the Ct value of > 24 and 
symptom-to-test time > 8 days had high specificity to 
identify a specimen that would yield a negative viral 
culture [22]. More evidence is mounting to suggest that 
likelihood of recovering replication-competent virus 
declines 10 days after onset of symptoms [23]. Even in 
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critically ill patients, the probability of detecting infec-
tious virus particles dropped to below 5% after 15 days 
of onset of symptoms [20]. Based on these findings, 
the likelihood of transmission of infection to the lung 
allograft is low beyond 3 weeks after symptom onset. 
Moreover, it is less likely for a COVID-19 patient to be 
considered for lung transplant within 4 to 6 weeks of 
symptom onset.

(3)	 Physical deconditioning
	   Patients with COVID-19 ARDS-associated respira-

tory failure are acutely ill needing critical care man-
agement with deep sedation, prolonged ventilation, 
paralysis, prone ventilation, and ECMO [3]. The criti-
cal illness and the interventions performed can sig-
nificantly increase the risk for cardiorespiratory and 
neuromuscular deconditioning. In our experience, we 
have noticed that majority of patients with COVID-19 
ARDS have significant degree of hypoxemic failure and 
discontinuation of sedation or paralysis has been chal-
lenging. This situation further aggravates the burden of 
deconditioning. The changes could accumulate within 
a relatively short period of immobility [24]. Lethargy 
and myalgia are common symptoms during the acute 
phase and while recovering from COVID-19, and it 
can exacerbate frailty in these patients. There is a lack 
of understanding regarding the prevalence and extent 
of sarcopenia and neuropathy in severe COVID-19 ill-
ness. Frailty can have serious consequences in lung 
transplant surgery. It is associated with greater risk for 
prolonged postoperative respiratory failure and mortal-
ity [25].

(4)	 Multi-organ failure
	   COVID-19 is a multi-system disorder that can poten-

tially have short-term and long-term sequelae. Signifi-
cant dysfunction of an organ system, other than lung, 
is a contraindication for lung transplantation. SARS-
CoV-2 virus and the associated immune dysregula-
tion have been reported to cause multi-organ damage, 
including cardiac injury and acute kidney injury (AKI) 
[26]. Numerous studies have reported a wide incidence 
of AKI in COVID-19 [27]. In one study of hospital-
ized patients, nearly 90% of patients on the ventilator 
developed AKI. About 15% of hospitalized patients 
required renal replacement therapy in this study [28]. 
The cardiac dysfunction can be caused by variety of 
mechanisms. The virus can lead to a direct myocardial 
injury or precipitate damage by triggering inflamma-
tion, leading to signs of heart failure. Hypoxia and lung 
injury could indirectly lead to heart failure due to pul-
monary hypertension and right heart dysfunction [29, 
30]. Cytokine storm associated with severe COVID-19 
can result in endothelial cell death, vascular thrombo-
sis, and disseminated intravascular coagulation [31].

(5)	 Surgical risk
	   Autopsy studies and explant reports during lung 

transplant surgeries have revealed that severe COVID-
19 is associated with extensive mediastinal and pleural 
inflammation and adhesions [19, 32]. These changes 
would significantly increase the risk of intraoperative 
bleeding and massive blood transfusion requirement. 
The prevalence of pulmonary hypertension is high in 
this group of patients and it could further escalate the 
burden of bleeding complications [33]. Patients need-
ing ECMO or mechanical ventilation bridge to lung 
transplant have greater operative morbidity and mortal-
ity risk [10, 14].

(6)	 Informed decision-making
	   The successful outcome from lung transplantation 

requires a life-long commitment from the recipient [4, 
34]. After transplant surgery, a long-term medical man-
agement with immunosuppression, infection prophy-
laxis, and close surveillance is needed for graft and 
patient survival. Potential postoperative complications, 
including prolonged respiratory failure, prolonged hos-
pitalization, renal failure, stroke, and physical decon-
ditioning, can contribute to significant morbidity [35]. 
The outpatient evaluation of patients with chronic lung 
diseases gives recipients adequate time to process the 
information and allows for an informed consent for the 
process of transplantation. However, there can be sig-
nificant limitation in informed decision-making process 
in acutely ill patients undergoing lung transplantation.

(7)	 Risk of nosocomial spread of infection from recipient
	   There are broader implications of undertaking 

COVID-19 lung transplant that could extend beyond 
the recipient management. There is a degree of uncer-
tainty in the risk of cross transmission within the hos-
pital from transplant recipient reinfection and viral 
shedding in the immunosuppressed state. The authors 
believe that the risk is small, considering the time from 
diagnosis and the establishment of SARS-CoV-2–spe-
cific immunity in the recipient. The time demands for 
stringent infection control measures would compete 
with the time demands for meticulous assessment 
and care requirements for an immediate postoperative 
patient.

Experience so far in post‑COVID‑19 lung 
transplant

The preliminary understanding regarding the safety and fea-
sibility of lung transplantation in COVID-19 emerges from 
limited experience with transplants in ARDS. Han et al. 
and Chen et al. published the initial reports on lung trans-
plantation in COVID-19 from China [36, 37]. The reports 
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were preliminary with only a limited follow-up as shown 
in Table 2. All 5 patients in these 2 reports were supported 
on ECMO and mechanical ventilation prior to transplant. 
The patients were SARS-CoV-2 PCR negative at the time 
of transplantation. The average number of days on ECMO 
prior to transplant was 13.2 days. One patient in the case 
series died in the operating room due to ventricular fibril-
lation and other complications. Intraoperative challenges 
including bleeding and chest cavity shrinkage were reported 
among the recipients.

Bharat et al. published the first case series of three con-
secutive patients with COVID-19 who underwent bilat-
eral lung transplantation from the USA [19]. The surgical 
complexity was high in all recipients with loss of medias-
tinal tissue planes, extensive pleural inflammation, vascu-
lar and pleural adhesions, and reactive lymphadenopathy. 
All patients were on prolonged support with ECMO and 
mechanical ventilation before transplant. Two patients were 
awake and participated in physical rehabilitation before 
being considered for lung transplantation. Recipients were 
negative for SARS-CoV-2 RNA by PCR from bronchoalveo-
lar lavage fluid prior to transplant surgery. All three recipi-
ents survived to discharge and were stable on room air at 
5 months, 4 months, and 3 months follow-up.

Lang et al. published a report of lung transplantation in 
COVID-19–associated ARDS in a PCR-positive patient 
[38]. The recipient was repeatedly positive in RT-PCR test-
ing for SARS-CoV-2 from nasopharyngeal swabs and in 
bronchoalveolar samples, even up to 53 days since the ini-
tial positive testing. However, the RT-PCR cycle threshold 
were high with values greater than 33. Vero cell culture was 
used, which turned to be negative for viable virus particles. 
The patient was supported for 45 days on ECMO prior to 
transplant. Prolonged ICU stays and neuromuscular decon-
ditioning complicated the postoperative course.

Hawkins et al. performed a review of all cases of lung 
transplantations that were conducted in patients with respira-
tory failure due to COVID-19 and published before Decem-
ber 15, 2020 [39]. The review had 21 patients, out of which 
17 patients were transplanted using ECMO as bridging strat-
egy. Transplants were conducted on an average of 71 days 
after hospitalization. The overall postoperative mortality was 
low in this series with only 2 patients reported to have died. 

However, the presence of publication bias against reporting 
of poor outcomes should be taken into consideration.

A twelve-patient case series of lung transplant in COVID-
19–associated ARDS from six high-volume transplant cent-
ers around the world also highlighted the technically chal-
lenging nature of the surgery and feasibility of good early 
post-transplant outcomes [40].

Conclusion

Patients with severe respiratory failure due to COVID-19 
have heterogeneous clinical characteristics. Categoriz-
ing these patients will further refine the process of candi-
date selection. Rescue transplantation is associated with 
greater resource utilization and higher risk for procedure-
related morbidity and mortality. A majority of patients with 
COVID-19 ARDS do not benefit from lung transplanta-
tion due to the presence of clinical factors that might pro-
hibitively increase the risk for complications. There are 
challenges that are unique to lung transplant surgery for 
COVID-19 ARDS. Uncertainty still exists with regard to 
the appropriate timing of ECMO placement and transplan-
tation. There is an unpredictable and heightened surgical 
risk due to pulmonary hypertension, pleural and mediastinal 
adhesions, and frailty. Organ allocation to such procedures 
involves the risk of prolonging the wait-time period, wors-
ening the wait-list mortality rates, and quality of life meas-
ures among patients with other lung diseases. With careful 
patient selection and appropriate preoperative management, 
the outcomes of transplant surgery in COVID-19–associated 
respiratory failure could be comparable to current standards 
in lung transplantation.
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Table 2   Initial reports on lung transplants in COVID-19

First author No. of 
patients

Age Bridging strategy Days on ECMO Days from 
diagnosis to 
transplant

Days of 
follow-up 
after surgery

Mortality

Weili Han [36] 2 66, 70 ECMO and mechanical ventilation 13; 12 28; 34 5; 2 0
Jing-Yu Chen [37] 3 66, 58, 73 ECMO and mechanical ventilation 15; 7; 19 35; 33; 38 Death on day 

1; 22; 12
1
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