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The current global coronavirus disease 2019 (COVID-19)
pandemic has left the medical field in an unprecedented
public health emergency. While the Centers for Medicare
and Medicaid Services (CMS) recommended that solid
organ transplantation not be postponed, many centers
have halted or offered transplantation to only their sickest
patients due to the uncertainty associated with donor to
recipient transmission as well as the lack of universal and
reliable access to donor COVID-19 testing in the early
stages (1). The lung transplantation (LT) population is
particularly vulnerable as the COVID-19 virus specifically
targets the lungs and is associated with increased mortality
in immunosuppressed and patients with significant
comorbidities. Depending on the location of a center, each
transplant program has been affected by the COVID-19
pandemic in a unique way in terms of local incidence,
quality and availability of testing, and institutional and even
statewide mandates at different timepoints of this year.
However, due to the unforeseeable resolution, the lung
transplant community had to adapt its practice to cautiously
provide services to patients in need without compromising
safety. In this article, we report our experience with lung
transplantation during the COVID-19 pandemic in the
mid-Atlantic region of the US.

In the mid-Atlantic region where our center is located,
the number of adult LTs performed between 1/1/2020-
6/30/2020 drastically decreased by 21.4% when compared
2019, with an all-time low of 2-3 weekly transplants in
April (Figure 14) (2). This was directly correlated with the
increase in waiting list inactivations (Figure 1B) and the
decrease in adult deceased donors recovered (Figure 1C) (2).
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Despite the halting of LT services in several centers across
the nation, we were fortunate to continue our lung transplant
practice during the COVID-19 pandemic. This was the
result of a rapid implementation of a series of programmatic
changes. With the support of our entire multidisciplinary LT
team, we were able to continue lung transplantation while
traveling to 18 different states for procurements with no viral
transmission virus to our staff or patients. We believe the
ability to quickly adapt to the evolving pandemic allowed our
program to perform 41 lung transplants between March and
July similar to the same time period in 2019 (Table 1) with a
similar length of stay (22 vs. 29.18 days) and 90-day mortality
(7.3% vs. 8.8%). As the pandemic spread across the nation
our program clinical practices experienced three phases.

Phase 1: the anticipation phase (3/1/2020-
4/30/2020)

In order to adjust the approach to advanced lung diseases
during the pandemic, we analyzed how the pandemic
affected both our local healthcare system and our staff. Based
on Holm and colleagues, we found ourselves to be in the
Anticipation stage during March and April of this year (3).
While the first COVID-19 cases reported in the US were
in January, we experienced only a minimal number of cases
locally. Therefore, our LT team met in early March 2020
and implemented a series of protective measures.

Initial donor and recipient restrictions

Due to COVID-19’s high virulence, all staff and visitors
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Figure 1 Regional trends in lung transplant volume (A), waiting list inactivations (B), adult deceased donor recovered (C), and waiting list

additions (D) in the Mid-Atlantic region.

involved with both I'T" donors and recipients were required
to wear personal protective equipment (PPE) consisting of
masks, gowns and gloves, including our procurement team
regardless to travel to low or high incidence areas. Because
there was not universal donor testing during this time,
our initial decision was to transplant patients with a Lung
Allocation Score (LAS) >50. The ideal donor scenario was
to have a negative COVID-19 test during donor evaluation
with the standard information. If testing was not available,
donors were evaluated for possible exposure such as
geographic location in a COVID-19 hotspot as defined by
the Center for Disease Control and Prevention (CDC) (4),
history of travel to a hotspot within 14 days of death, and
any potential iatrogenic exposure with physical proximity
to a hospital’s COVID-19 patients/ward. Determination
of a county’s hotspot status was defined utilizing the CDC
reporting of the COVID-19 cases (5). At the time of the
lung offer, patient’s physical proximity to the hospital’s
COVID-19 patients/ward was obtained by interviewing the
organ procurement organization (OPO). If the testing or
history indicated COVID-19 exposure, offers were declined
regardless of quality and recipient acuity. In the event of
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lack of access to COVID-19 testing, if a donor was deemed
low risk and the offer was accepted, once the LT implant
was complete, recipients underwent a final bronchoscopy
for evaluation and pulmonary toilet. A bronchoalveolar
lavage (BAL) was obtained and sent for polymerase chain
reaction (PCR) testing for COVID-19. Initially, because
these tests took several hours to finalize, recipients were
transported immediately following surgery into an intensive
care unit negative pressure room as they waited for a
negative test result before being released to the standard
CT-ICU locations with the goal of minimize staff and other
patient exposure. This practice implemented but scarcely
used as only a handful few patients were moved to negative
pressure rooms immediately postoperative until our in-
house as well as donor hospital COVID-19 testing became
more reliable.

Initial outpatient pre-transplant evaluation, waiting list,
and long-term follow-up visits

We relied on telemedicine for all initial LT evaluations,
wait list re-evaluations, and follow up outpatient visits. All
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Table 1 University of Pittsburgh Medical Center lung transplant practice changes during the COVID-19 pandemic

Phase 1 (3/1/2020-4/30/2020) Phase 2 (5/1/2020-5/31/2020) Phase 3 (6/1/2020-7/30/2020)
Donor
Location All COVID-19 hotspots were avoided. All COVID-19 hotspots were No restriction in procurement team travel
COVID-19 cases of counties of each avoided. COVID-19 cases of or location of organs assessed for lung
offer were investigated counties of each offer were transplantation
investigated
COVID-19 Screened based on CDC guidelines with the addition of potential iatrogenic exposure (medical staff taking care of the
screening patient, location of the patient in proximity to COVID-19 patients)
COVID-19 Obtained when available but not All donors were required to be tested during the donor evaluation process
testing mandated

Procurement All members on the in-house procurement team were required to wear personal protective equipment at the times
team during harvest

The use of a local procurement team was also introduced to our practice due to the pandemic

Recipient
LAS >50 No restriction in recipient based on LAS
COVID-19 All patients were screened upon arrival to the hospital in accordance to the CDC
screening
COVID-19 All patients received testing upon arrival to the hospital
testing

Post-operative  All recipients went from the ORto a  All recipients were moved to the normal cardiothoracic intensive care unit
negative pressure isolation room until postoperatively as rapid testing was more readily available
post-operative COVID-19 testing
was negative

Outpatient clinic

In-person All patients were screened upon arrival to the hospital for any in person visit in accordance to the CDC

evaluation 1. New lung transplant referrals with 1. New lung transplant referrals 1. All new lung transplant referrals
pulmonary fibrosis requiring any with any diagnosis requiring any regardless of diagnosis or oxygen status
supplemental oxygen supplemental oxygen 2. Any waitlisted patient with an acute
2. New lung transplant referrals with 2. Any waitlisted patient with an change in clinical status
any diagnosis while requiring >4 acute change in clinical status 3. Any patient who received a lung
liters nasal cannula at rest 3. Any patient who received alung  transplant within 2 years
3. Any waitlisted patient with an transplant within the last 2 years

acute change in clinical status
4. Any patient who received a lung
transplant within a year

Telemedicine 1. New lung transplant referrals 1. New lung transplant referrals who 1. Normal status check visits with
with pulmonary fibrosis who do not  did not require a transplant within waitlisted patient with no change in
require any supplemental oxygen the next 6 months clinical status
2. New lung transplant referrals with 2. Normal status check visits with 2. Any lung transplant recipient who
any diagnosis while requiring <4 waitlisted patient with no change in  required surveillance bronchoscopies and
liters nasal cannula at rest clinical status laboratory testing were all screened over
3. Normal status check visits with 3. Any patient who received alung  the phone and tested 48 hours prior to
waitlisted patient with no change in  transplant >2 years arrival to the hospital

clinical status
4. Any patient who received a lung
transplant >1 year

Table 1 (continued)
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Table 1 (continued)

Phase 1 (3/1/2020-4/30/2020)

Phase 2 (5/1/2020-5/31/2020)

Phase 3 (6/1/2020-7/30/2020)

Pulmonary

Pulmonary Function Test Laboratory was converted to have only negative pressure rooms. All staff were required to

function testing wear PPE at the time of testing regardless of status of patient COVID-19 testing

UPMC COVID-19
practice patterns

Lung transplant

evaluation

referrals
2019 104
2020 46

Organ referrals
2019 403
2020 508

Lung transplant
volume (% of
annual volume)

2019 7(8.9)
2020 11 (4.6)

64 120
19 51
384 291
392 452

15 (17.9) 11 (13.1)

15 (20.0) 15 (20.0)

COVID-19, coronavirus disease 2019; CDC, Center for Disease Control and Prevention; LAS, Lung Allocation Score.

patients invited for outpatient clinic visits were screened in
accordance to the CDC guidelines (6). Initial in-person clinic
evaluations were reserved for patients with pulmonary fibrosis
requiring supplemental oxygen, patients with any diagnosis
requiring >4 liters nasal cannula at rest, waitlisted patients
with an acute change in clinical status, and all post-transplant
patients who received a LT within a year. All remaining
patients received outpatient follow-up virtually. Due to the
challenges in performing pulmonary function tests at other
institutions, patients received home micro-spirometers for
continual functional monitoring in the setting of limited access
to the pulmonary function testing (PFT) laboratory (Monitored
Therapeutics Incorporated GoSpiro Home Spirometer,
Dublin, Ohio, USA). Rooms in our hospital PFT laboratory
were converted to negative pressure rooms and respiratory
staff were required to wear PPE during all tests.

Phase 2: regrouping (5/1/2020-5/31/2020)

Our first donor experience during this phase was an offer
to a patient with dermatomyositis and a LAS score of 92.5.
Even with pre-formed HLA antibodies, he was offered
a set of lungs that were a great size and quality match
10 days after listing. Because this was an out of state
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offer, we investigated the prevalence of COVID-19 in
the region that the donor was located. There were only
38 COVID-19+ cases in the county where the donor was
located. Our excitement was met with some anxiety as
the donor was situated in the same unit as a COVID-19+
patient and shared the same clinical care team. Therefore,
we held a multidisciplinary meeting to fully weigh the risks
and benefits. With our colleagues from pulmonary medicine
and infectious disease, we discussed a case-by-case basis on
the potential COVID-19 exposure in each donor instance as
well as the clinical acuity of our recipient and clinical factors
that may impede their chances at another suitable pair of
lungs. We decided to proceed and our team procured the
lungs safely due to the patient’s high acuity and a negative
crossmatch in the setting of an extensive reactive antibody
profile. Once transplanted, the recipient was transported to
a negative pressure room for 24 hours until the COVID-19
testing via BAL at our institution was negative. The patient
has now been discharged and is doing well.

Re-evaluation of donor and recipient programmatic
changes

As COVID-19 testing became more readily available, we
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Figure 2 Monthly lung transplant evaluation referrals from January to July in 2018 through 2020 at the University of Pittsburgh Medical

Center.

began phase 2 by removing our LAS restriction on our
transplant waitlist. All recipients received rapid COVID-19
testing once they arrived at the hospital with results in
1-3 hours. Virtually all donor offers included COVID-19
testing and we experienced no pushback either from
the donor hospitals or the hosting OPOs. Because of
these improvements, while we still avoided donors from
COVID-19 hot-spot areas, we were more liberal with
donors located in non-isolated units or that shared same
clinical care team or were located in a higher incidence
region. We continued to scrutinize donor exposure history
including high-risk travel based on COVID-19 incidence.
While we liberated our donor restrictions and allowed
for use of COVID-19 negative lungs procured from areas
with a high incidence of COVID-19 infections, we were
still careful on maintaining the safety of our procurement
team. Therefore, in order to minimize their exposure to
COVID-19, we also utilized local procurement teams in
2 out of 15 procurements in the month of May when the
location of the donor hospital was located in areas with a
high incidence of COVID-19 infections.

Re-evaluation of outpatient pre-transplant evaluation,
waiting list, and follow-up visits

Due to the low COVID-19 incidence locally, our outpatient
service restrictions were also loosened. After completing
the first 11 transplants during the anticipation phase,
we continued the use of telemedicine for low acuity LT
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referrals who presumably would not require a transplant
within 6 months and any post-lung transplant patient
>2 years from transplantation. However, in the setting of a
waiting list consisting of roughly 20 patients, we broadened
the in-person outpatient clinic new evaluations to any
patient who required supplemental oxygen at rest. In-
person post-transplant maintenance visits with PETS, chest
radiography, surveillance bronchoscopy, and laboratory
testing were performed to any recipient who had their
surgery within the last two years. We received much needed
support from other outpatient laboratory test sites as they
provided low-traffic time slots for our immunosuppressed
patients.

Phase 3: looking towards the future (6/1/2020-
7/30/2020)

By June, most OPOs and hospitals we traveled to for
donor procurements were capable of performing timely
COVID-19 testing. Therefore, we liberated travel
restrictions and began accepting organs from hot-spot areas
where the incidence was still relatively high and continued
to utilize local procurement teams when possible to
minimize exposure for our staff. We maintained the practice
of screening and testing all recipients when they arrived at
the hospital.

In the midst of the pandemic, since March, we recognized
that our LT evaluation referrals have decreased significantly
in comparison to the two previous years (Figure 2).
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In an effort to build our waiting list, all referrals were
seen in person after assessing COVID-19 risk. While
some routine wellness clinic visits were performed via
telemedicine, all patients who required a bronchoscopy for
surveillance or for any clinical suspicion were all screened
for COVID-19 over the phone and tested 48 hours prior to
their visit at partner clinics and hospitals.

Programmatic limitations

Due to the level of uncertainty we were working under, we
implemented a set of stopping rules for our lung transplant
program. These rules were defined to recognize events that
could prevent us to continue performing transplantation
in a safe manner. Our first stopping rule was the use of
mechanical ventilators and extracorporeal membrane
oxygenation (ECMO) circuits at 75% of hospital capacity.
The second stopping rule was if the number of COVID-19
patients requiring ECMO support exceeded 10 as this was the
number of negative pressure rooms available in our CT-ICU.

While careful programmatic reflection is necessary, we
believe the current pandemic does not require a complete
halt of all lung transplantation as non-action can also equate
the harm for lack of appropriate care to our sickest patients.
Ultimately, each lung transplant program will need to
assess the impact that COVID-19 has upon their institution
resources.
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