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Abstract

In the United States of America, COVID-19 acute respiratory distress syndrome (ARDS) and
post-COVID pulmonary fibrosis (PCPF) are raising indications for lung transplant (LT). Another
indication for LT is underlying fibrosis with SARS-CoV-2 induced interstitial lung disease
exacerbation or rapid progressing fibrosis. Only a few centers have reported on their long-
term outcomes after LT for COVID-19. Single center retrospective chart review of patients
transplanted for COVID-19 related lung disease. The Henry Ford Health System Institutional
Board Review Board approved this study as minimal-risk research using data collected for
routine clinical practice (#14953). During the study period from January 2021 to June 2023,
12 patients underwent bilateral LT for COVID-19 related lung disease: 6 for COVID-19 ARDS, 4
with worsening of idiopathic pulmonary fibrosis (IPF) and 2 for PCPF. Median survival after LT
in months are 18.5 (IQR 12.9, 26) for ARDS; 20.5 (IQR 13.1, 26) for IPF; and 12.6 months for
PCPF. Hospital discharge survival was 83% for ARDS and 100% for the fibrotic types of lung
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disease. The 30-day and 3-month survival was 100% and 91%, respectively, for all COVID-19
related lung diseases. At the time of data collection, 3 patients in this cohort died (2 in the
ARDS group). Eight patients were alive over 1-year post-transplant (4 ARDS, 3 patients with
IPF prior to COVID-19 and 1 patient with PCPF). LT for COVID-19 related lung disease is
associated with several challenges from patient selection to perioperative management.
Short- and long-term survival is promising but associated with significant morbidity.
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1. Introduction

COVID-19 can cause irreversible lung damage from acute respiratory distress syndrome (ARDS),
or chronic respiratory failure associated with post-COVID-19 de novo fibrosis, sometimes referred
to as post-COVID pulmonary fibrosis (PCPF) [1]. Worsening of an underlying fibrotic lung disease
with acute exacerbation or rapid progressing fibrosis after SARS-CoV-2 have also been described [2].
There has been a rapid increase in the number of lung transplantations (LT) performed for COVID-
19 in the United States of America and some estimations put COVID-19 as the indication for LT in
7% of the total number of LT [3]. Based on data from the Organ Procurement and Transplant
Network in the United States, from the beginning of the pandemic to February 2023, over 450 LT
have listed COVID-19 as the diagnosis indication. COVID-19 ARDS was the indication for LT in 254
patients (254/450, 57%). Limited data exists on long-term outcomes after LT for COVID-19 related
lung disease.

Hospitals in Michigan and neighboring states without a LT program have contacted our hospital
to discuss transfer for LT evaluation of patients with severe refractory hypoxic respiratory failure
secondary to COVID-19 ARDS on extracorporeal membrane oxygenation (ECMO) but unable to
wean.

This ARDS patient population in general compromised a very sick group of otherwise healthy and
younger individuals with a critical but acute illness that despite maximal life support (ventilator
and/or ECMO), the likelihood of recovery was deemed dismal with a very high risk of death and
more complications while supported with machines in the intensive care unit (ICU). Rehabilitation
potential prior to acute illness must has been present. Other absolute contraindications for LT in the
general population of end-stage lung diseases must has not been present. This group of patients
were more frequently supported with ECMO. Many of them were deeply sedated and have
developed critical illness associated weakness.

For the sickest group with COVID-19 ARDS as the indication for LT evaluation, LT was considered
only for individuals <65 years-old, with single organ failure (lungs), body mass index less than 35
kg/m?, 2 consecutive lower respiratory fluid polymerase chain reaction tests negative for SARS-CoV-
2 on specimens obtained by endotracheal aspirate or bronchoscopy 24 hours apart, and enough
clinical data to support an end-stage condition with inability to wean off life support with the
ventilator and/or ECMO. Only patients deemed to have rehabilitation potential were considered
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and when unable to participate in treatment discussion, a family member or legally appointed
surrogate advocated and consented for transplant.

Patients with persistent hypoxic respiratory failure post-acute COVID-19 were evaluated in our
clinic if they were discharged with oxygen therapy, had fibrotic-like lesions on computed
tomography (CT) and a restrictive pattern in lung function. They were followed on a periodic basis
to assess for disease progression.

For pulmonary fibrosis with exacerbation or rapid progression after COVID-19, our approach was
in line with those under lung transplant evaluation for idiopathic pulmonary fibrosis (IPF), following
the International Society for Heart and Lung Transplantation (ISHLT) guidelines.

2. Materials and Methods

The Henry Ford Health System Institutional Board Review Board approved this case series as
minimal-risk research using data collected for routine clinical practice (#14953). Informed consent
was waived. SARS-CoV-2 infection was confirmed by nasopharyngeal swab with real-time
polymerase chain reaction and computed tomography scan of the chest showed changes typical of
COVID-19 pneumonia in all cases. During the study period from January 2021 to June 2023, we
conducted a retrospective review of electronic medical records with analysis of demographics,
baseline comorbidities, COVID-19 related data, lung allocation score (LAS), waitlist time, ECMO
support, pre- and post-transplant related characteristics, and outcomes (primary graft dysfunction
[PGD]), postoperative invasive mechanical ventilation days, ICU utilization, hospital length of stay,
discharge disposition, survival, Karnofsky score and last office obtained spirometry with report of
forced expiratory volume in 1-second or FEV1.

2.1 Statistical Analysis

The sample size was equal to the number of patients treated during the study period and no
statistical sample size was calculated. Continuous variables were presented as medians and IQRs.
Categorical variables were expressed as frequency rates and percentages.

3. Results

During the third and fourth waves of the COVID-19 pandemic (between December 2020 and
December 2021 with community circulation of the SARS-CoV-2 delta variant) many requests for
transfers to our hospital did not occur due to several reasons: patients not meeting the minimal
criteria to be considered for evaluation, or clinical improvement, or lack of bed availability at the
receiving hospital, or full ECMO capacity in our hospital at the time of request, or death, or
decompensation prior to transfer. Between December 2020 and July 2022, approximately 78 unique
external referrals for LT evaluation for COVID-19 related lung disease were reviewed by our LT team.
Amongst them, 38 patients completed evaluation: 16 ARDS on ECMO, 12 post-COVID fibrosis or
PCPF, and 10 underlying fibrosis worse after COVID-19 (Figure 1). Twelve of these patients
underwent bilateral LT during the study period.
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Figure 1 Flowchart. Abbreviations: ARDS, acute respiratory distress syndrome; contr,
contraindication; ECMO, extracorporeal membrane oxygenation; H/o, history of; LT,

lung transplant.

Patients with COVID-19 ARDS and PCPF patients were transplanted while being hospitalized,
most from the ICU. Patients’ characteristics and explant pathology with histologic findings are
described in Table 1 and Table 2.
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Table 1 Baseline characteristics and post-LT follow-up.

COVID-19 ARDS

AE-IPF or Rapid IPF Progression
since SARS-CoV-2

Post-COVID Fibrosis

6 patients received BLT

4 patients received BLT

2 patients received BLT

Sex

Median age (years)

COVID-19 diagnosis to LT (days)
Median LAS

Waitlist time median (days)

MCS before LT

4 males, 2 females
43

60.5 (IQR 57, 96)
87.7

100%

e VWECMOin5
patients; 2 with
single double
lumen and 3

femoral-femoral (1

converted to
venopulmoarterial
oxyRVAD)

e 1VVconverted to
VAV ECMO

Femoral-femoral to

femoral artery

4 males
69
62
65.1
158
e AE-IPF (N = 2): 31 days

e |PF rapid progression (N = 2):

299 days

25%
e VVECMO in 1 patient with
single double lumen cannula

2 males

54 and 55

150 and 480 days
81.3 and 89.47

22 and 47 days

Heated high-flow nasal
cannula

and heated high-flow
alternating with BPAP
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Median operation time (hours)
Total ischemia time (hours)

ICU LOS post-BLT median (days)
Post-BLT median duration of
hospitalization (days)

Post-BLT median survival
(months)

e 1 transplanted
from mechanical

ventilator
7.1 8.3
5.5(IQR4.7,6.2) 5.4 (4.5, 398)
28 6
54 30
18.5 (IQR 12.9, 26) 20.5(13.1, 26)

9.3and 9.5
5and 3.5
10 and 13 days

15 and 16 days

11.6 and 14

AE-IPF, acute exacerbation of idiopathic pulmonary fibrosis; ARDS, acute respiratory distress syndrome; BLT, bilateral lung transplant; BPAP bilevel

positive airway pressure; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IQR, interquartile range; IPF, idiopathic pulmonary

fibrosis; LAS, lung allocation score; LOS, length of stay; LT, lung transplant; MCS, mechanical support; oxyRVAD, venopulmoarterial ECMO; VAV, venous-

arterial-venous; VV, venous-venous. Numbers represent median and interquartile 25%-75%. Operation time is from anesthesia start to chest closure.

Table 2 Histopathology of explanted lungs.

Other
Indication for LT uIP DAD DAH OP  NSIP insterstitial Bronchopneumonia Granuloma

fibrosis

1 COVID-19 ARDS X X X

2 COVID-19 ARDS X X X X X

3 COVID-19 ARDS X X X

4 COVID-19 ARDS X X

5 COVID-19 ARDS X X X

6 COVID-19 ARDS X X

7 AE-IPF X

8 AE-IPF X

9 IPF worsen X
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10 IPF worsen X
11 Post-COVID fibrosis X X X X X
12 Post-COVID fibrosis X X X

AE, acute exacerbation; ARDS, acute respiratory distress syndrome; DAD, diffuse alveolar damage; DAH, diffuse alveolar hemorrhage; IPF, idiopathic
pulmonary fibrosis; LT, lung transplant; NSIP, non-specific interstitial pneumonia; OP, organizing pneumonia; PAH, pulmonary arterial hypertension;
UIP, usual interstitial pneumonia.
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Out of 16 patients with COVID-19 ARDS on ECMO, 6 patients underwent bilateral LT. In the case
of transplanted patients with COVID-19 ARDS, venous-venous ECMO was instituted in 5 patients: 3
with the goal of bridging to transplant; and in 2 patients ECMO was used as bridge to recovery, but
due to dependence on mechanical support without evidence of lung recovery ECMO ultimately
allowed for evaluation and transplantation. All patients bridged with ECMO received a
tracheostomy to allow for lowering sedation. Attempts to wean sedation were frequently
associated with worsening respiratory status and ventilator dyssynchrony, worsening hypoxia and
hemodynamic instability.

The median time from onset of COVID-19—ARDS to LT in this study was 60.5 days. All patients
were supported with invasive mechanical ventilation and/or ECMO with a median time to LT of 48.5
days (IQR 40, 70). For those on ECMO (5/6, 83.3%), the median time from ECMO to LT was 32 days
(IQR 4, 23.5).

Twelve patients with PCPF were fully evaluated in the LT clinic. Only 2 patients were transplanted
to date (5 and 16 months after acute COVID-19 diagnosis), whereas 2 patients are active in the LT
wait list by the time of data census. The two transplanted patients were hospitalized with severe
refractory hypoxemia requiring heated high-flow oxygen in one patient and heated high-flow
alternating with BPAP in the other. They both had radiographic evidence of fibrotic-like changes on
CT scan with lack of clinic radiologic improvement with prolonged systemic corticosteroids
treatment in case of organizing pneumonia. In one patient the radiographic findings were more
consistent with irreversible fibrosis with presence of bilateral macrocystic lesions of the apices with
diffuse traction bronchiectasis. The other patient had less extensive traction bronchiectasis and
diffuse interstitial thickening. Interestingly, this patient with less fibrotic-like changes developed
severe pulmonary hypertension not explained by presence of chronic thromboembolism.

Out of 10 patients with underlying pulmonary fibrosis (idiopathic or connective tissue disease
related), 4 received LT for either rapid progressive fibrotic interstitial lung disease (ILD) post-COVID
or for acute ILD exacerbation due to COVID-19. Two patients with idiopathic pulmonary fibrosis or
IPF had an acute exacerbation as demonstrated by presence of ground-glass opacities on CT chests
and significant worsening hypoxemia that required hospitalization. Another 2 patients with
worsening IPF without acute exacerbation had rapid disease progression: increase in their
outpatient oxygen flow and decline in lung function. Their chest high-resolution CT scans revealed
evidence of a definite usual interstitial pneumonia (UIP) pattern with progression.

Only bilateral LT were performed in the total cohort of 12 recipients, regardless of underlying
lung disease or acuity. Veno-arterial ECMO was the preferred method for cardiopulmonary support
in the operative room in 83% of patients (n = 10). One patient’s transplant was completed off
cardiopulmonary bypass and another individual required conversion to cardiopulmonary bypass
from VA ECMO due to bleeding from the pulmonary artery. Although all patients were successfully
decannulated from ECMO in the operative room, PGD grades 2 and 3 were common in 2 out of 6
patients in the ARDS group (33%) versus 1 patient (17%) in the non-ARDS group.

Except for 1 patient with COVID-19 ARDS and history of recurrent infections with multidrug
resistant respiratory organisms and bacteremia, standard induction immunosuppression with
basiliximab, mycophenolate and corticosteroids were used. Standard prophylaxis and maintenance
anti-rejection drugs using a combination of a calcineurin inhibitor, cell-cycle inhibitor and
corticosteroids were used following our institution protocol for the care of LT recipients.
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Median follow-up in months based on LT indication are 18.5 (IQR 12.9, 26) for ARDS; 20.5 (13.1,
26) for fibrotic lung disease worse after COVID-19; and 12.6 months for PCPF. Hospital discharge
survival was 83% for ARDS (1 patient died in the hospital 6 weeks after LT), and 100% for the fibrotic
type of lung disease. The 30-day and 3-month survival was 100% and 91%, respectively, for all
COVID-19 related lung diseases. By June 2023, 2 of the ARDS transplanted patients died (2/6, 33%),
1 patient with IPF prior to COVID-19 died (1/4, 25%) whereas the 2 patients transplanted for PCPF
are alive. Eight patients were alive over 1-year post-transplant (5 patients with ARDS, 3 patients
with history of IPF prior to COVID-19 and 1 patient with PCPF). Lung function test and functional
capacity were very reassuring in these patients based on FEV1 and Karnofsky score one-year post-
LT as seen in Table 3.

Table 3 One-year post-LT outcomes.

Post-LT Last FEV1 .
o Karnofsky Vital
LT indication follow-up (L); %best ACR, AMR
L. score Status
(days) predictive
1 COVID-19 ARDS 785 3.38; 99 80 Al Alive
2 COVID-19 ARDS 63 NA NA Died
3 COVID-19 ARDS 641 2.99; 99 80 Alive
4 COVID-19 ARDS 856 2.46; 92 90 Al, Al, Al Alive
5 COVID-19 ARDS 389 0.56; 25 NA Died
6 COVID-19 ARDS 471 2.6;78 90 Al, Al, A2 Alive
7 AE-IPF 761 3.14; 99 90 Al Alive
8 AE-IPF 814 2.55; 96 80 Alive
9 IPF worsen 493 3.14; 100 80 Al Alive
10 IPF worsen 314 NA NA Died
11  PCPF* 335 NA 50 A3, AMR Alive
12 PCPF 425 1.83; 97 80 Alive

AE, acute exacerbation; ARDS, acute respiratory distress syndrome; IPF, idiopathic
pulmonary fibrosis; LT, lung transplant; AE-IPF, acute exacerbation of IPF; PCPF, post-
COVID pulmonary fibrosis; FEV1, forced expiratory volume in 1 second; ACR, acute
cellular rejection; AMR, antibody mediated rejection; *alive patient with tracheostomy
in place; NA, data not available.

The median length of stay post-LT for ARDS was 54 days. The median post-LT length of stay was
22.5 days (IQR 14, 115) for the group with underlying IPF before COVID-19, and 15 and 60 days in
the two patients with PCPF, respectively. Two transplanted patients were discharged to an inpatient
rehabilitation unit (both with underlying COVID-19 ARDS as the indication for LT), while 10 patients
returned home from the hospital after transplantation.

The cause of death in the 3 patients are described. A 37-year-old man transplanted for COVID-
19 ARDS died 6 weeks after LT due to septic shock from several infectious complications and
necrotizing pancreatitis. A 36-year-old post-partum woman transplanted for COVID-19 ARDS died
13 months after LT with chronic hypoxic/hypercarbic respiratory failure secondary to end-stage
bronchiolitis obliterans. A 71-year-old man transplanted for IPF with rapid progression after COVID-
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19 died 11 months post-LT under hospice care. He developed recurrent pneumonias, critical illness
myopathy and persistent respiratory failure since the time of transplant and was ventilator
dependent via tracheostomy.

4, Discussion

Although experts have issued guidelines on transplant candidacy for the uncommon indication
of ARDS, the lack of good understanding on long-term outcomes and the optimal transplant
candidate remains elusive. LT for ARDS poses several challenges and is reserved for the minority of
carefully selected patients dependent on extracorporeal life support as in most cases have been
performed off ECMO [4, 5]. Studies prior to the COVID-19 pandemic showed promising survival of
high-risk transplanted patients from the ICU including those bridged to transplantation on ECMO [6,
7]. Compared to the population of patients that did not require ECMO bridge, LT for COVID-19 was
associated to very good short- and long-term outcomes when the transplant occurred in a large
program size and with use of ambulatory ECMO [8-11]. Most of these studies have used venous-
venous ECMO as a bridge to LT. Familiarity and increased availability of ECMO, better understanding
of patient-machine interactions, care standardization, as well as technological advances have been
proposed as the reasons for improved outcomes post-LT with ECMO as a bridge to LT [12, 13]. The
2021 ISHLT Consensus document for the selection of LT candidates lists ARDS as an indication for
lung transplant in carefully selected patients [14]. Based on the experience with LT for COVID-19,
experts recommend careful selection of patients for LT in cases of irreversible, end-stage COVID-19
lung disease based on clinical grounds and evidence of extensive fibrotic lung disease as
demonstrated on computed tomography [4].

Our experience with high-risk transplantation for non-COVID-19 patients shows similar outcomes
to larger volume centers. From 2015 to date, we have transplanted 23 patients off ECMO. The 30-
day survival rate was 100%, 3-month survival was 100%, and 1-year survival was 87%, outcomes
very comparable to the general LT population at large. This includes 13 patients (13/23; 56%) placed
on ECMO as a bridge to decision that eventually received bilateral LT.

Long-term outcomes after LT for COVID-19 related lung disease remains unknown with only a
few centers across the United of States of America reporting on their outcomes [15, 16]. When
compared to hospitalized patients transplanted for restrictive lung disease, Razia et al described 11
patients with COVID-19 ARDS with comparable 1-year survival rate post-LT of approximately 90%
[15]. Another study queried the Organ Procurement and Transplant Network database and
described similar outcomes and 6-month survival in 227 patients transplanted for COVID-19 related
lung disease when compared to 454 matched controls. Eighty-seven percent (293/334, 87%) of
these patients were either on mechanical ventilation and/or ECMO [17].

Most LTs for COVID-19 ARDS have been bilateral LT due to the frequent presence of pulmonary
hypertension and superimposed bacterial pneumonias. In the largest single center series of COVID-
19 ARDS, Kurihara et al described the outcomes of 30 patients transplanted for this indication in
Chicago, 57% of them were supported on ECMO [16]. Patients were not ambulatory although able
to participate to some degree with physical therapy. We have previously published a detailed report
of the first 5 patients transplanted for COVID-19 ARDS at our institution with their short-term
outcome [18]. Compared to the COVID-19 ARDS cohort from Chicago, only 1 patient did not require
ECMO and was transplanted off the ventilator, whereas the other 5 patients with COVID-19 ARDS
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required ECMO and the ventilator as a bridge to transplant (BTT). Only 2 COVID-19 ARDS patients in
our cohort were able to consent for transplantation and participated in pulmonary rehabilitation,
which was limited to exercises in bed.

None of our COVID-19 ARDS patients were ambulatory, similar to previous case series of lung
transplanted patients with COVID-19 ARDS [17-19]. Although common complications of critical
illness acquired weakness (both myopathy and neuropathy) were common, most of our patients
improved over time with rehabilitation treatment after lung transplant.

Our COVID-19 ARDS survival post-LT is consistent with other reports. The increased hospital
length of stay after transplant is also consistent with other centers’ reports of higher morbidity in
patient transplanted for this indication [15, 16].

Most patients with PCPF showed improvement in lung function over a variable period that
extended from 3 to 17 months post-acute COVID-19. Lung improvements were demonstrated both
radiographically and with lung function test as it has been previously described [19-22] after severe
COVID-19 pneumonia. Older males, long hospital stay, use of positive mechanical ventilation and
higher burden of reticulations and consolidation on CT scan at the time of admission were found to
be the main risk factors associated to pulmonary sequelae in survivors of severe COVID-19 [22, 23].

In the particularly vulnerable population of patients with underlying ILD, COVID-19 has been
reported to be associated to severe illness and death [24, 25] likely related to the variable lung
reserve and sometimes immunosuppressed state depending on its association with autoimmunity
or not. UIP, lower FVC and DLco at baseline were also associated with worse outcomes in COVID-19
infection [25]. Acute exacerbation of ILD is not uncommon with an acute viral infection. In a
multicenter study, COVID-19 in IPF patients was associated with disease severity and high
hospitalization and mortality rate [26].

Another important aspect that negatively impacted this population during the COVID-19
pandemic has to do with interruptions or limited access to in-person evaluations and testing’s
affecting the ability to timely diagnose and treat, detect disease progression, or diagnose acute
complications. Like with immunosuppression, those on antifibrotics are also in need of frequent
blood tests to monitor for drug related toxicity. Furthermore, for those on immunosuppressants
(especially cell cycle inhibitors) there is a blunted immune response to immunization negating the
benefits of vaccines to prevent COVID-19.

Ethical principles must be carefully considered in the selection of these unique patients. Many
are sedated and unable to participate in decision making, including understanding the complexity
of transplant and associated lifestyle changes. In some situations, the decision to proceed is made
by the patient’s surrogate, which can lead to a myriad of psychological sequelae. In addition, the
benefit of working with patients and their support system in an ambulatory setting is lacking in these
acutely ill individuals and therefore the ability to adapt to many lifestyle modifications following
transplant is difficult to predict.

The use of surrogates to make decisions to proceed with evaluation and transplantation, and the
ethical principles of beneficence were invoked by the lung transplant teams when deciding
candidacy. The question of ECMO bridging in non-awake, non-ambulatory patients for evaluation
and listing continues to spark controversy, and consensus is lacking. Most experts would discourage
this practice, reserving ECMO BTT for patients with chronic lung diseases fully or nearly fully
evaluated, deemed candidates for transplant and allowing awake and ambulatory ECMO to
continue with physical therapy to reduce physical deconditioning. Older patients compared to the
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younger patients with ARDS that underwent LT, normally present with several other comorbid
conditions that increase the risk of several other complications, and in which body deconditioning
should be avoided.

Other ethical principles, such as utility, justice, and efficiency need to be addressed [27]. Acute
illness in these younger patients who were healthy at baseline may possess a different rehabilitation
potential. With the new composite allocation score or CAS and the continuous distribution that in
the United States replaced the LAS, understanding long term outcomes in patients with the highest
acuity supported with ECMO is of paramount importance to allocate resources to those in greatest
need and with the highest chances of survival and associated good quality of life post-LT.

During this study, we did not observe an increase in waitlist mortality in the non— COVID-19
cohort at our center; however, this needs to be studied in other centers with a different supply of
donor lungs. All the patients transplanted for COVID-19 related lung disease had high LAS and many
were on mechanical support including ECMO, representing a medical urgency. The younger age of
the sickest patients in this group is another example of justice as an ethical principle being applied.

5. Limitations

This is a single center retrospective chart review study describing our experience with a small
number of patients and a limited follow-up. Other important variables were not explored in this
study including quality-of-life post-LT and re-hospitalizations. These are important clinical outcomes
especially considering the high prevalence of PGD, weakness associated with severe illness and
prolonged post-LT hospitalization.

6. Conclusions

LT for COVID-19 related lung disease have their own inherent challenges in each stage from
candidate selection and perioperative management. Their long-term outcome is unknown due to
limited available data. Prior to COVID-19, LT for an acute illness, like ARDS, was uncommon. The
decision to proceed with LT evaluation should be made by a multidisciplinary care team that
specializes in ARDS management and LT. LT for ARDS, is recommended to be performed in centers
with experience in high-risk transplantation (including experience on ECMO) due to the challenging
perioperative and postoperative care with expected prolonged ICU stay.

LT reports for post-COVID fibrosis or PCPF are scarce, as we have seen very few cases of post-
COVID fibrosis in need of LT. When given enough time, most of these patients will recover lung
function without the necessity of oxygen therapy for the rest of their lives.

Although we are unable to draw major conclusions with a small number of patients, short and
long-term survival is promising but associated with significant morbidity. There are significant
differences between these group of patients with COVID-19 related lung disease, and we
recommend reporting them separately as opposed to grouping them as one single entity.
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