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ABSTRACT
SARS‑CoV‑2 mostly affects the respiratory system with clinical patterns ranging from the com-
mon cold to fatal pneumonia. During the first wave of the COVID-19 pandemic, owing to the
high number of patients who were infected with SARS‑CoV‑2 and subsequently recovered, it
has been shown that some patients with post−COVID-19 terminal respiratory failure need lung
transplantation for survival. There is increasing evidence coming from worldwide observations
that this procedure can be performed successfully in post−COVID-19 patients. However, owing
to the scarcity of organs, there is a need to define the safety and efficacy of lung transplant for
post−COVID-19 patients as compared to patients waiting for a lung transplant for other
pre-existing conditions, in order to ensure that sound ethical criteria are applied in organ alloca-
tion. The Milan’s Policlinic Lung Transplant Surgery Unit, with the revision of the National
Second Opinion for Infectious Diseases and the contribution of the Italian Lung Transplant
Centres and the Italian National Transplant Centre, set up a pivotal observational protocol for the
lung transplant of patients infected and successively turned negative for SARS‑CoV‑2, albeit
with lung consequences such as acute respiratory distress syndrome or some chronic interstitial
lung disease.
The protocol was revised and approved by the Italian National Institute of Health Ethics Commit-
tee. Description of the protocol and some ethical considerations are reported in this article.
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CORONAVIRUSES are enveloped RNA viruses that cause
respiratory diseases of varying severity, ranging from

cold-like symptoms to fatal pneumonia. Death occurs most fre-
quently as a consequence of acute respiratory distress syndrome
(ARDS) or from subsequent pulmonary fibrosis.
As of early 2022, the new SARS-CoV-2 coronavirus pan-

demic has caused almost 5 hundred million infections and more
than 6 million deaths worldwide [1]. In Italy, approximately
14.5 million infections and >159,000 COVID-19 related deaths
were reported [2].
During the early months of the pandemic it was readily

assumed that some patients, who had been suffering from
COVID-19 lung infection and, subsequently, tested negative
for the presence of the virus, might suffer post−COVID-19
0
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terminal respiratory failure and require lung transplantation as a
treatment.
However, transplantation for COVID-19-associated ARDS

poses ethical dilemmas. Transplantation for irreversible lung
disease is strongly characterized by a global shortage of donor
organs; patients may die while on a waiting list and, conse-
quently, recipients should be accurately selected [3].
Although in Italy patients with acute lung injury due to infec-

tions are generally not considered for transplantation, in 2020,
there was already evidence that lung transplantation—the only
© 2022 Elsevier Inc. All rights reserved.
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Table 1. Recipients Characteristics

Mean age (y) 38.25
Sex: M/F 3/1
Blood group (%) 0 (50)

A (25)
B (25)

F, female; M, male.
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option for survival in some patients with severe unresolved
COVID-19−associated ARDS—could be done successfully
[4].
End-stage lung disease from COVID-19 is however a new

entity: patients may benefit from transplant but there are limited
data, especially on the long-term outcomes.
In order to monitor the outcomes of these transplants, the

Milan’s Policlinico Lung Transplant Surgery Unit, with the revi-
sion by the National Second Opinion for Infectious Diseases,
and with the contribution of the Italian Lung Transplant Centres
and the Italian National Transplant Centre, set-up an observa-
tional pilot protocol for lung transplantation in patients with
ARDS or interstitial pulmonary fibrosis after the end of the
COVID-19 infections. A fundamental assumption for the safety
of the transplant is that the patient is negative for virus detection.
Table 2. Urgent Patient Post-COVID

Total ARDS Fibrosis

Urgent requests Total 4 2 2
ECMO support 4 2 2
Ventilated 0 0 0

Transplants 3 1 2
Drop out (clinic improvement) 1 1
Mean waiting time to transplant (d) 11.33 18 0
Transplant outcome Exitus 1 0 1

Alive with graft
functioning

2 1 1

Follow-up (mo) 8.5 15 2

ARDS, acute respiratory distress syndrome; ECMO, extracorporeal mem-
brane oxygenation.
MATERIALS AND METHODS

The aim of the Italian protocol is to evaluate the safety and efficacy of
lung transplantation in patients with ARDS (group 1) and post
−COVID-19 interstitial pulmonary fibrosis (group 2) on the basis of
follow-up of treated patients. These 2 clinical settings represent the 2
different pathogenetic pictures of lung damage in patients affected by
COVID-19: ARDS is characterized by a rapid progression of vascular
endothelial damage that evolves in a few weeks into terminal respira-
tory failure; and fibrosis has a less rapid progression and is due to a pro-
gressive involvement of the pulmonary interstitium. From a clinical
point of view, patients with ARDS require respiratory and/or mechani-
cal assistance earlier than patients with respiratory failure derived from
fibrosis [5]. Post−COVID-19 ARDS cases, with extracorporeal vascu-
lar support and/or invasive respiratory support, fall under the national
emergency protocol while post−COVID-19 interstitial pulmonary
fibrosis candidates fall under the transplant center allocation policy.

It may happen that a patient in serious clinical conditions, who does
not meet all the requirements for access to the emergency program,
urgently needs a transplant. In this case requests must be approved by
the board for exceptions to the national protocol for pulmonary emer-
gencies and the second national opinion for infectious diseases; if
patients require invasive ventilatory assistance or extracorporeal
vascular support because of their severe fibrosis, even after the acute
phase, they will be managed according to the national emergency lung
protocol.

Transplantation outcomes are compared with a third arm (control
group) consisting of patients with ARDS or fibrosis not secondary to
SARS-CoV-2 infection, and submitted to either elective or emergency
lung transplantation.

Regardless of the clinical picture of COVID-19 lung injury, accord-
ing to the indication in force in 2020, the absence of an active pre-
transplant infection should be documented by polymerase chain reac-
tion negativity for SARS-CoV-2 in 2 bronco alveolar lavage speci-
mens collected at least 24 hours apart. If the patient is not being
intubated, a nasopharyngeal swab is sufficient. Monitoring is aimed
primarily at documenting or excluding any recurrence of SARS-CoV-
2 infection; assessment of perioperative mortality; and lung transplant-
specific follow-up (ie, at the moment of discharge at 1, 3, 6 months,
and 1 year). The probability of transplant success and the risks associ-
ated with the procedure and complications overlap with those of stan-
dard transplantation.

Patients have to sign an informed consent for enrollment and have to
be referred to the National Transplant Centre, with a brief case report
highlighting the presence of inclusion criteria and the absence of exclu-
sion criteria. In September 2020, this protocol was approved by the
Ethics Committee of the Istituto Superiore di Sanit�a (Italian National
Institute of Health), Rome, Italy. <H1>Results

From April 2020 to September 2021, the Italian National Transplant
Centre received 4 lung transplant requests for recipients who had recov-
ered from COVID-19 and met the enrollment criteria of the urgent lung
transplant program (4 patients on extracorporeal membrane oxygen-
ation): 2 patients with ARDS and 2 patients with interstitial fibrosis.
Demographic characteristics are shown in Table 1. Of these 4 patients,
3 underwent transplantation; 1 request was discontinued by the Trans-
plant Centre after 6 days because of clinical improvement in the
patient's ARDS. Of the patients who underwent transplantation, 2 had a
favorable outcome, 1 died on postoperative day 62 from klebsiella
pneumoniae carbapenemase multi-drug resistant sepsis unrelated to the
underlying pathology. The mean waiting time to transplantation was
11.33 days. None of the transplanted patients presented with SARS-
CoV2 reactivation respectively after 15 and 2 months of follow-up
(Table 2).
DISCUSSION

In Italy, organ transplantation is part of the so-called Essential
Levels of Care, that is, performances and services that the
National Health Service is required to provide to all citizens,
making them available throughout the entire national territory.
Italian, foreign European Union and non−European Union

patients, assisted by the Italian National Health Service and
requiring organ transplantation, are registered on a waiting list
after receiving a positive opinion from their regional transplant
center on the basis of criteria established by the transplant cen-
ter itself based on the international literature and its own exper-
tise. These individuals can be put on the waiting list for dead
donor transplants.
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Lung transplantation is an elective therapy for end-stage
respiratory failure secondary to a number of severe chronic dis-
eases, that is, cystic fibrosis, pulmonary emphysema, chronic
obstructive pulmonary disease, bronchiectasis, pulmonary
hypertension or other rare diseases. Waiting list mortality [6] is
a serious problem and the ultimate goal for the entire transplant
system is surely to provide end-stage lung failure patients with
well-functioning donor organs at the right time.
The allocation of lungs and the choice of the recipient are

debated issues at international level because of the scarcity of
these organs. There is a need to identify the most suitable recipi-
ent in order to avoid a futile transplant [7,8].
The standard allocation of lungs in Italy is organized on a

regional basis, that is, the lungs are used by the transplant center
of the same region where the donor is registered. The transplant
center owning the organ chooses the most suitable recipient on
the basis of its own local policies according to various principles
that consider group identity/compatibility, donor/recipient size
match, and list seniority. Some transplant centers assign the
organ to the recipient according to the lung allocation score
(LAS), that is, an algorithm that, considering several clinical
parameters, provides an estimate of patient severity and trans-
plant success [9]. Even the Lombardy region, the only Italian
region that has more than 1 transplant center, adopts LAS as a
criterion for organ assignment [10].
Lungs that cannot be allocated in the donor region (because

the transplant center is not present or because it does not have
suitable recipients), are offered to neighboring regions accord-
ing to a continuous strip model, thus giving priority to the geo-
graphic criterion that guarantees the containment of ischemia
times [11].
The use of LAS in the choice of the most suitable recipient

considers each patient in their individuality, since it also consid-
ers the probability of posttransplant survival, reducing the risk
of losing organs by transplanting patients in too critical condi-
tions, and allowing the identification of the most correct timing
to receive the organ. Lung emergency patients, differing from
liver patients presenting an acute liver failure, are the result of
progression of an underlying pathology leading to terminal
respiratory failure requiring intubation or extracorporeal mem-
brane oxygenation. Therefore, LAS could reduce the number of
patients arriving in the terminal phase as it is effective in identi-
fying the most appropriate time to transplant while still on the
regular list.
In Italy, since November 2010, a nationwide urgent lung

transplantation program has been implemented and patients on
a waiting list—dependent on mechanical ventilation and/or
extracorporeal lung support—could be transplanted on an
urgent basis [12,13]. The emergency waiting list is considered
active for a maximum period of 14 days and gives the patient
the right to access the transplant thanks to the first compatible
organs that become available throughout Italy. Strict inclusion
and exclusion criteria (ie, age <50 years old, body mass index
(BMI) <30, absence of multiorgan failure) are adopted to mini-
mize the cases of graft failure [14]. Nevertheless, ethical con-
cerns arise when lungs are allocated on an urgent basis, because
elective patients might suffer from a longer wait on the list [15].
Careful evaluation and strict selection of recipients are crucial
to improve the clinical impact of the program.
The availability of transplantable organs always falls far short

of the needs of people waiting for a transplant, which creates
imbalances. In Italy, the allocation of lung on a regional basis
must respond to the principles of fairness and transparency and
has to be based on scientifically valid criteria that can be docu-
mented for all involved. Physicians selecting the recipient of a
donated organ are making decisions about how a scarce public
resource should be used. Such a decision should be determined
by criteria based on need, effectiveness and fairness publicly
stated and publicly defended [16].
Organ transplantation is constantly facing new therapeutic

indications; in some new circumstances it is impossible to be
certain a priori that transplantation will give the same results as
in established indications, but this possibility could not be
excluded if the theory strongly supports it. The best ethical
approach in these cases seems to be to carefully select recipients
(so as not to divert resources from patients with established
indications), to frame them within standardized protocols in
order to define as soon as possible whether patients, with the
new indication, should be fairly treated like all others in access-
ing transplantation.
The different phases of the COVID-19 pandemic have

required adjustments in transplantation treatment strategies
[17]. Globally, depending on the specificity of individual
regions, programs have had to adjust risk-benefit calculations in
the effort to apply principles of distributive justice by focusing
on maximizing benefits often under conditions of worsening
resource constraints. Treating people according to a principle of
justice means treating people with the same need for a scarce
resource equally [18].
According to our experience, the post−COVID-19 lung

transplant protocol does not negatively affect patients already
on the waiting list by allowing only the inclusion of a new ther-
apeutic condition for which the available data have already
proven favorable.
CONCLUSIONS

At the beginning of the COVID-19 pandemic, the number of
patients affected by the virus progressing to severe and cata-
strophic lung damage, despite the best available medical treat-
ment, began to increase worldwide. Transplantologists have
started to explore the possibility of lung transplantation as a
life-saving intervention and a large number of transplants have
been performed with encouraging results. Italy has developed a
specific observational protocol for post−COVID-19 lung trans-
plantation, defining inclusion and exclusion criteria and an ade-
quate monitoring system to assess the safety and effectiveness
of the procedure. Most candidates with post−COVID-19 termi-
nal respiratory failure fall into the national lung emergency pro-
tocol. The probability of success of such a transplant, as well as
the risks associated with the procedure and complications, are
completely overlapping with those of standard transplantation.
Lung transplantation is a resource-intensive treatment and,
especially in post−COVID situations, the overall assessment by
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government health care agencies and transplant providers is cru-
cial, along with the decision-making and consent process with
the patient [19]. The Italian protocol has received a favorable
opinion by the Italian National Institute of Health Ethics Com-
mittee and as a national experience could contribute to the
development of internationally standardized guidelines. In gen-
eral, when approaching the issue of new indications, the Italian
transplant network aims to carefully select new cases in order to
define, as soon as possible, whether patients with the new indi-
cation have the right to be treated like all others in accessing
transplantation.
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