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Introduction

Due to the ongoing coronavirus disease 2019 (COVID-19)
pandemic, organ transplant specialists remain uncertain of
directions and goals before and after organ replacement
therapy (1). Reports of COVID-19 outcomes in lung
transplant recipients have been limited, comprising a
small number of case series without a consistent approach
between those infected post-transplant and those who
became candidates for a transplant post-infection (2-5).
Nonetheless, the pandemic has inspired new roles for lung
failure specialists who must care for patients who develop
acute respiratory distress syndrome (ARDS) and progressive
pulmonary fibrosis due to COVID-19 (6). Specialists
who can handle organ replacement therapy including
extracorporeal membrane oxygenation (ECMO) and lung
transplantation are an integral part of the multidisciplinary
care team (2,7).

In the midst of the first phase of the pandemic, we
offered our insights regarding the direction of lung
transplantation during the pandemic as specialists at a high-
volume center in a geographical area with high COVID-19
infection rates (8). Herein, we expand our review of
outcomes in lung transplant recipients with COVID-19
infections and offer our phased approach as well as insights
for lung transplantation for post covid lung failure as the
sequelae of COVID-19 infection in light of our large
outcomes data for the recipients with positive covid after
lung transplantation.
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Extended experiences and outcomes in lung
transplant recipients with COVID-19 infections
at Temple University Hospital

We analyzed prospectively collected data from lung
transplant recipients who developed COVID-19-positive
pneumonia and patients considered for lung transplantation
for COVID-19 sequelae at Temple University Hospital.
Patients were considered COVID-19-positive based
on PCR testing or on the consensus opinion of the
multidisciplinary team after considering chest computed
tomography (CT) findings and clinical presentation. The
standard workup included COVID-19 serum biomarkers
and chest CT. Severity of illness was defined according to
the sequential organ failure assessment (SOFA) score and
the recently validated 4C mortality score (9).

As of April 15, 2021, we identified 52 patients who
had received a lung transplant and were diagnosed with
COVID-19 pneumonia after transplantation. Twenty-nine
(56%) underwent lung transplantation prior to 2020; 23
(44%) received a transplant in 2020. Applying the criteria
for hospital admission developed by the Temple University
COVID-19 Treatment and Research Group (10), 47 of
the 52 patients (90%) were admitted to the hospital for an
average of 12 days (range, 1-61 days) (1able I). Following
completion of treatment, 37 patients had been discharged
from the hospital.

The overall mortality rate in lung transplant recipients
with COVID-19 pneumonia was 25% (13/52) and
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Table 1 Patient characteristics

Characteristic

Lung transplant

recipients with COVID-19

pneumonia, n*

All Patients
Date of transplant
Before January 1, 2020
After January 1, 2020
Age, median years (range)
Sex
Male
Female

Time from transplant to COVID
diagnosis, median (range)

Comorbidities
Age >70 years
Renal insufficiency
Poorly controlled diabetes
Obesity (BMI >32)

4C score at the time of admission,
median (range)

SOFA score at the time of admission,
median (range)

Required ICU admission
Chest CT findings with GGO
Category #1
Category #2
Category #3
COVID-19 disease biomarkers

Ferritin (peak), median in ng/mL
(range)

D-dimer (peak), median in pg/mL
(range)

C-reactive protein (peak), median in
mg/dL (range)

Treatment
Pulse steroids

Remdesivir

Anakinra

Intravenous immunoglobulin

52

29 (56%)
23 (44%)
65 (44-81)

37 (T1%)
15 (29%)

1.3 years
(7 days—4.2 years)

36 (69%)
35 (67%)
11 (21%)
4 (8%)

10 (2-15)

3.1 (1-12)

14 (27%)

33 (63%)
7 (13%)
12 (23%)

1,961 (85-18,000)

8,562 (425-59,000)

11.6 (0.3-39.7)

30 (58%)
21 (40%)
5 (10%)

12 (23%)

Table 1 (continued)
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Table 1 (continued)

Lung transplant

Characteristic recipients with COVID-19
pneumonia, n*
Tocilizumab 8 (15%)
Convalescent plasma 5 (10%)
Outcomes
Length of hospital stay, median 12 (1-61)
days (range)
Intubation 14 (27%)
ECMO 5 (10%)
Renal replacement therapy 4 (8%)
Discharged from hospital 37 (71%)
Remained hospitalized 2 (4%)
Death 13 (25%)

Transplant before January 1, 2020 8/29 (28%)
Transplant after January 1, 2020 5/23 (22%)

Mortality by date of transplant (based on total lung transplants
performed)

Transplant before January 1, 2020 8/511" (1.6%)

Transplant after January 1, 2020 5/131 (3.8%)

*, unless otherwise specified; ', underwent lung transplant
2016-2019. BMI, body mass index; 4C score, coronavirus
clinical characterization consortium score; SOFA, sequential
organ failure assessment; ICU, intensive care unit; GGO, ground
glass opacity; ECMO, extracorporeal membrane oxygenation.

included 5 deaths out of 131 lung transplants in 2020
(3.8%), and 8 deaths of 511 lung transplants from 2016
through 2019 (1.6%). Of the 5 patients who underwent
transplantation after January 1, 2020 and died, 3 were
infected with COVID-19 as inpatients in the ICU following
the transplant procedure and died of progressive septic
shock despite all available treatments including ECMO.
Multivariate analysis identified recipient age older than
70 years, stage 3 or greater chronic kidney disease, and
higher SOFA and 4C scores at the time of admission as
significant risk factors for mortality (P<0.05).

Lung transplantation in patients with post-
COVID lung failure

Our program has received an increasing number of requests
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for consultations regarding patients at outside institutions
who had COVID-19 pneumonia and developed ARDS
requiring further management. Almost all were already
supported by mechanical ventilation in the ICU; some
were critically ill and supported with prolonged ECMO.
Currently, the indications we use for lung transplantation
for post-COVID lung failure are, (I) at least 3 weeks from
the initial onset of COVID-associated symptoms and 2
COVID-negative nasal swab tests post-infection; (II) single
organ failure (lung failure only); (III) age younger than
70 years; (IV) acceptable physical viability if the patient
is on ECMO; and (V) the standard criteria of the Temple
University Lung Transplant Program. Physical viability is
the most challenging criteria to assess. Indeed, after duly
evaluating patients using all available telemedicine tools,
we had to decline most for transplant due to their severely
deconditioned status.

Since September 2020, 15 patients with lung damage
caused by COVID infection have been approved by the lung
transplant selection committee and listed for transplant.
Three of the patients were supported by ECMO at the time
of listing, progressed to septic shock, and died while waiting
for lungs. Three are currently on the waiting list, and nine
underwent lung transplantation while all the patients were
already discharged from the hospital and stayed at home as
of August 15, 2021.

Discussion

As a high-volume transplant center handling a unique
cohort of patients and given our extensive experience
with artificial respiratory support, we appreciate our new
role in caring for patients with post-COVID lung failure.
However, as the pandemic continues without promise of a
definite end, we think it is critically important to navigate
such challenging practice correctly and eventually save more
patients even with limited donor organs and availability
of health care professionals during the pandemic. To that
end, lung transplantation in patients with post-COVID
lung failure should be carefully developed, and the current
mortality of patients infected after lung transplantation
requires our simultaneous attention. There have been a few
reports of patients who were critically ill and profoundly
deconditioned on prolonged ECMO post-COVID-19 who
underwent lung transplantation with successful outcomes
(3,4). Those excellent outcomes could have been achieved
by a very experienced transplant team but we need to be
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mindful that they are the exceptions at this phase of the
COVID-119 disease treatment that should not be extended
in an unfounded fashion and performed by the teams
without experiences.

An evolving but phased approach to lung
transplantation for post-COVID lung failure

When moving to perform lung transplantation for post-
COVID lung failure, we advise phase-to-phase steps while
simultaneously monitoring admission and mortality rates
of COVID-positive lung transplant recipients (Figure I).
The indications for and optimal timing of potential
therapeutic options, and evolving approaches with ECMO
and transplantation need to be in line with the improving
outcomes of medical treatments for COVID-19. We
monitor the mortality rate of the COVID-19-positive lung
transplant recipients as the primary metric for our phased
approach to the new practice of transplantation for post-
COVID lung failure due to our firm belief that all treatment
options, from upfront medical treatment through ECMO
and lung transplantation, should be consistent with progress
that improves outcomes during the entirety of treatment
for COVID-19 disease. This is our central message in this
editorial regarding a consistent approach between those
infected post-transplant and those who became candidates
for a transplant as the sequelae of COVID-19 infection
whereas many questions remain unanswered, particularly
regarding effective and timely testing and treatments
including a COVID-19-specific vaccination, anti-viral
therapies, and inhibition of potentially deadly cytokine
storm inflammatory cascades in the patients with heavily
suppressed immune system.

Encouragingly, the most recent 3-month mortality rate
among the COVID-positive transplant recipients at our
institution improved from 52% (between 03/2020 and
06/2020) to 15% (03/2020 and 06/2021). Based on this
improvement, we have been able to continue to evaluate
referred patients with post-COVID lung failure for
consideration for lung transplantation and list them when
appropriate.

During this long-lasting pandemic full of uncertainty and
excessive expectations, it is crucial that the lung-failure and
lung-transplant specialists, who play pivotal roles on the
front lines, lead the entire team as they tackle the challenges
associated with COVID-19 using a data-driven approach.
"This is how we will win the battle against COVID-19.
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‘Evolving’ directions towards transplant
¢ In line with the improving outcomes for COVID-positive
lung transplant recipients: 25-50% reduction in M m——
mortality in the quarterly metrics.
e Simultaneously transform the role of ECMO either as a
bridge to recovery (BTR) or transplant (BTT).

response.

(Maybe/high risks)
Why not transplant?
* Lungs may recover (weeks-months)
* Patients need time for physical recovery following
3 intense medical and/or ECMO treatment.
* Concerns regarding the negative impact of the strong
immune induction required for transplant on the viral

Figure 1 Consideration of lung transplantation for the sequelaec of COVID infection. ECMO, extracorporeal membrane oxygenation;

ARDS, acute respiratory distress syndrome; BTR, bridge to recovery; BTT, bridge to transplant; COVID, coronavirus disease.
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