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Abstract: The severe acute respiratory syndrome coronavirus 2 pandemic poses unique challenges for lung
transplant recipients. The optimal management of these patients is not known and the risk of transmission
of the SARS-CoV-2 during lung transplantation is a major concern. Clear guidelines for selection of lung
transplant candidates due to chronic pulmonary disease due to COVID-19 are urgently needed. The
objective of this study is to review the available evidence on the diagnosis and treatment of the coronavirus
disease 2019 in lung transplant recipients, as well as current recommendations regarding the screening of
potential organ donors and recipients and the implementation of the COVID-19 vaccine in patients both
on the waitlist and after lung transplantation. We performed an electronic search of the literature in the
PubMed, MedRxiv COVID-19 SARS-Cov-2, LitCovid-NCBI-NLM-NIH, and Medline databases, From
December 2019 to January 22, 2021. The following keywords with and without Boolean operators were
used: “covid-19”, “SARS-CoV-2” in combination with “lung transplantation”, “solid organ transplant”,
and “immunosuppression”. Articles in the English and Spanish languages were extracted. Web sites of the
Center for Disease Control (CDC), International Society for Heart & Lung Transplantation, National
Institute of Health, Infectious Diseases Society of America (IDSA), and the Federal Drug Administration
were reviewed. A total of 168 reports and websites references were used for this review. Lung transplant
recipients with COVID-19 are at increased risk for severe illness and death. Management should be similar
as the general population but immunosuppression must be adjusted. Lung transplant recipients should
receive the COVID-19 vaccine 2 to 3 months after transplantation. Extreme care must be taken to precent
transmission of the SARS-CoV-2 during transplantation. The number of patients with post COVID-19
chronic respiratory failure referred for lung transplantation is expected to increase in the near future. There
is much to be known regarding the management of lung transplant recipients with COVID-19. Protocols are
needed to prevent transmission of the SARS-CoV-2 during transplantation and clear guidelines are needed
to define the criteria for lung transplant in patients with residual severe pulmonary disease post COVID-19

infection.
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Introduction the entire world as one of the most lethal pandemics in

In December 2019, a novel coronavirus, the severe acute recent history. The World Health Organization (WHO)

respiratory syndrome coronavirus 2 (SARS-CoV-2), designated the disease caused by this virus as COVID-19
emerged in the city of Wuhan, China, and spread to on February 11, 2020 (1), and on March 11, 2020 declared
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COVID-19 as a pandemic (2).

Although most patients have a benign course, 14% may
present with severe disease and 5% with a critical illness (3),
characterized by a cytokine release syndrome (CRS) and
multiorgan failure, including adult respiratory distress
syndrome (ARDS) with respiratory failure (4) and death (5).
Risks factors associated with severe illness and death include
age 65 or older, and the presence of co-morbidities like
obesity, diabetes, underlying cardiac, renal or liver disease,
and immunosuppressed state.

On June 25, 2020 the Center for Disease Control (CDC)
added solid organ transplants recipients (SOTr) to the
list of “strongest and most consistent evidence” of high
risk population (6). This is not surprising as many of the
mentioned risk factors are usually present in this population,
along with vulnerability from immunosuppressive regimens
that specifically target the T-cell immunity, which plays
a vital role in viral clearance. Although limited by the
small number of reported cases, the outcome data for
SOTr with COVID-19 is variable with some evidence
suggesting increased risk of severe disease and mortality
(7-13), although others have reported outcomes similar
to the general population (14-17). SARS-CoV-2 infection
presents additional challenges for lung transplant recipients
(LTxR), not only in terms of initial morbidity and mortality
of a virus that directly targets the allograft, but also for the
potential long term sequelae, including an increased risk of
subsequent development of chronic allograft dysfunction
(CLAD), as described following infections by other
respiratory viruses (18-20).

In this review we will summarize the available evidence
regarding COVID-19 and its impact in ITxR, including:

(I) Clinical presentation;

(II) Diagnosis;

(III) Treatment in I'TxR:

(1) Ambulatory management;
(i) Management of hospitalized patients;
(iii) Follow up after hospital discharge.

(IV) Screening of donors and recipients;

(V) The decision to proceed with transplantation;

(VI) Reactivation of patients on the waitlists after SARS-

CoV-2 infection;

(VII) Lung transplantation for SARS-CoV-2 chronic

respiratory failure recipients;

(VIII) Vaccination for patients in the waitlist or post lung

transplantation.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
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ccts.amegroups.com/article/view/10.21037/ccts-20-172/rc).

Methods

We performed an electronic search of the literature
in the PubMed, MedRxiv COVID-19 SARS-Cov-2,
LitCovid-NCBI-NLM-NTH, and Medline databases,
From December 2019 to January 22, 2021. The following
keywords with and without Boolean operators were
used: “covid-19”, “SARS-CoV-2” in combination with
“lung transplantation”, “solid organ transplant”, and
“immunosuppression”. Articles in the English and Spanish
languages were extracted. Web sites of the Center for
Disease Control (CDC), International Society for Heart
& Lung Transplantation, National Institute of Health,
Infectious Diseases Society of America (IDSA), and the
Federal Drug Administration were reviewed.

Clinical presentation

The typical symptoms of COVID-19 have been well
established (21), and include cough, fever, dyspnea,
myalgias, fatigue, gastrointestinal symptoms, headaches,
anosmia and dysgeusia. Table 1 describes most common
clinical presentation for LTxR with proven COVID-19
compared with the general population and other SOTr.
Based on a compilation of several reports (7,11,12,14,22-31),
It appears that dyspnea and hypoxemia are more prevalent in
LTxR and SOTr when compared with the general population
and the case fatality ratio appears to be significantly higher
in ITxR when compared with other SOTr or the general
population (32), although it will likely improve as our
knowledge in the management of COVID-19 increases. In
many of the reports drugs no longer considered effective (i.e.,
hydroxychloroquine) were used, while others with potential
benefit (i.e., remdesivir) were not available.

There is very scant information regarding changes
in spirometry in ITxR infected with SARS-CoV-2. Our
experience and anecdotal reports suggest it remains stable
in mild cases, even with radiological abnormalities (24,28).
Most institutions avoid aerosolizing procedures including
spirometry in suspected or proven COVID-19 to prevent
exposure to the house staff making it difficult to determine
the impact of COVID-19 on pulmonary function tests.
Our Lung Transplant Center is following patients’ home
spirometry to determine clinical progress post COVID-19
infection and/or exposure. In our experience, more severe
cases usually show significant decline in spirometry.
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Table 1 Clinical data most commonly reported in Lung transplant recipients compared with the general population and other solid organ

transplants with SARS-CoV-2 infection. “n="indicates number of patients in whom data was reported

General population SOTr* (9,12,13)

Clinical data LTxR (7,11,12,14,22-31)
Severe disease 63%, n=171
Fever 56%, n=171
Dyspnea 53%, n=171
Cough 53%, n=171
Hypoxemia 61%, n=136
Gl symptoms 35%, n=171

Abnormal imaging* 77%, n=108°

Case fatality rate 26%, n=174
Hospital admission 87%, n=127
ICU admission 32%, n=171
Mech. Vent 22%,n=171

19% (3) 71%, n =851
43% (21) 72%, n=710
29% (21) 58%, n=728
50% (21) 80%, n=713
19%* 73%, n=300
31% (21) 69%, n=489

69% (31) 82% (9,12), =482
2.6-7.1%" 19%, n=851
14% (21) 78%, n=1054
2% (21) 26%, n=851
5% (21) 35%, n=851

¥, includes lung transplant patients: 17 from Pereira (9), and 30 from Kates (12) studies. *, exact incidence is unclear, 19% estimated based
on percentage with moderate to severe cases described in the literature (3), who are presumably hypoxic. *, based on data on symptomatic
patients at the time they first seek medical attention. §, imaging description specifically reported in 83/136 patients. Mild cases may not
have had imaging performed or studies were normal. ¥, lowest (United States) and highest in Western Europe (ltaly) case fatality rate
according to Johns Hopkins Coronavirus Resource Center (32). LTxR, lung transplant recipients; SOTr, solid organ transplants recipients;
Gl, gastrointestinal; ICU, intensive care unit; Mech. Vent, mechanical ventilation.

Diagnosis of COVID-19 disease in lung transplant
recipients

The diagnosis of COVID-19 in LTxR is made in a similar
fashion as in the general population. At our institution, we
follow the Infectious Diseases Society of America (IDSA)
guidelines (33) that recommends SARS-CoV-2 nucleic
acid amplification test (NAAT), also known as the reverse-
transcription polymerase chain reaction (RT-PCR), in
symptomatic individuals in the community suspected of
having COVID-19, even when the clinical suspicion for
COVID-19 is low. Sources for screening specimen include
nasopharyngeal (preferred source at our institution), mid
turbinate, nasal swabs, oropharyngeal swabs and saliva.

In addition, we also perform NAAT testing under the

following circumstances:

(I)  All hospitalized patients regardless of symptoms.
The IDSA guidelines (33) recommends testing all
immunocompromised asymptomatic individuals
who are being admitted to the hospital regardless
of exposure to COVID-19.

(II) Before any surgical procedure or aerosol-
generating procedure unless there is a negative test
within the previous 48 hours.

© Current Challenges in Thoracic Surgery. All rights reserved.

(III) Patients with a known or suspected contact with a

confirmed case of COVID-19.

In LTxR the differential diagnosis of COVID-19
pneumonia include acute allograft rejection, aspiration
pneumonia, and acute lung injury from a variety of
exposures, in addition to potential opportunistic infections
common to any immunosuppressed patient. Chest imaging,
including computed tomography of the chest (CTC), is non-
specific (34) and can mimic that of COVID-19 pneumonia.
The potential coexistence of other conditions with
COVID-19 pneumonia at any time during its course must
be kept in mind. The conventional approach of diagnostic
bronchoscopy with bronchoalveolar lavage (BAL) and trans-
bronchial biopsies poses risk of exposure to the health care
providers and therefore needs to be assessed on a case by case
basis. A positive test establishes the diagnosis, but a negative
test result should not rule out SARS-CoV-2 infection when
there is clinical suspicion given the high incidence of false
negative tests. Repeat testing as well as complete isolation is
warranted until a diagnosis is established.

Table 2 outlines the testing guidelines by International
Society of Heart and Lung Transplant (ISHLT).

At our institution, a nasopharyngeal swab testing for a
comprehensive respiratory virus panel is also performed.
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Table 2 Comparison of ISHLT guidelines (35) and Mayo Clinic Florida approach for COVID-19 testing

Situation ISHLT recommendation (35)

Our approach

Asymptomatic patient
without known contact with
confirmed case of COVID-19

invasive procedure and prior to
transplantation

Asymptomatic patient with
contact with confirmed case
of COVID-19

Home quarantine for 2 weeks

only if symptoms develop

Close monitoring for symptoms

Patients with symptoms
suspicious for COVID-19

For patients with negative test consider chest

CT scan

RT-PCR testing before undergoing any

Unless mandated by local guidelines, testing

RT-PCR testing according to local guidelines

Same as ISHLT

All patients admitted to the hospital

Home quarantine for 2 weeks

“Drive-through” RT-PCR testing

Close monitoring for symptoms, changes on SpO, or
home spirometry

Mild symptoms: “drive-through” RT-PCR testing

Severe symptoms: evaluation at emergency room with
RT-PCR and extended viral testing

For patients with negative test perform chest CT scan

RT-PCR, reverse-transcription polymerase chain reaction; ISHLT, International Society of Heart and Lung Transplant.

¢

i

Figure 1 CT scan of the chest of a patient with left lung transplant due to pulmonary fibrosis with ground glass infiltrates only in the

allograft.

In patients with two negative tests, or one negative test
and worsening clinical status, a diagnostic bronchoscopy
is performed to rule out other possible etiologies and to
repeat the RT-PCR test on the BAL samples. Although an
initial study (36) suggested BAL samples had a much higher
sensitivity than nasal swabs, a well-designed study (37)
reported an excellent correlation between negative swab
tests and BAL samples, and, just as important, an alternative
etiologic agent was found in 22 patients.

The most common findings on both chest-X-ray (CxR)
and CTC are consolidation and ground-glass opacities,
with bilateral, peripheral, and lower lung zone distributions
(38-40). Patients with single lung transplantation may show

© Current Challenges in Thoracic Surgery. All rights reserved.

these findings only in the allograft (see Figure I). As shown
in Figure 2, sometimes these radiologic changes persist
even after the patient has shown a complete recovery. In a
patient with a positive RT-PCR test, we discourage the use
of CTC unless there are reasons to believe it will change
the management of the patient, like in cases of worsening
respiratory status when an alternative cause (i.e., nosocomial
infection, pulmonary embolism) is strongly suspected and
less cumbersome or invasive testing are non-diagnostic.
Because of its lack of specificity imaging studies are of
limited benefit in the diagnosis of COVID-19.

We follow the Fleischner Society consensus statement (41)
regarding the use of imaging in patients with suspected or
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Figure 2 Typical chest-X-ray of a double lung transplant recipient with SARS-CoV-2 pneumonia and hypoxemic respiratory failure. (A)

Baseline, (B) during infection, (C) five weeks post infection. The patient was managed with HFNC and iNO. Although the patient no longer

requires oxygen therapy, chest-X-ray shows persistent infiltrates. HFNC, high flow nasal cannula; iNO, inhaled nitric oxide.

proven COVID-19:

@

)
(I

It is not indicated in patients with suspected
COVID-19 and mild clinical features unless they
are at risk for disease progression, which is clearly
the case in any LTxR.

It is indicated in a patient with COVID-19 and
worsening respiratory status.

When resources are scarce, imaging is indicated for
medical triage of patients with suspected COVID-19
who present with moderate-severe clinical features
and a high pretest probability of disease.

Treatment

Outpatient treatment

Any ITxR who develops symptoms suggestive of COVID

19, has declining home spirometry, or oxygen saturation
(SpO,) measured by a pulse oximeter <94%, should be
evaluated. We recommend outpatient observation if the
patient presents with:

@
D)
(1)

IV)

V)

Absent or minimal dyspnea, severe cough,
wheezing or pleuritic chest pain.

Oxygen saturation is >94%, including during
normal activities.

Stable expiratory flows by home spirometry.
Absence of symptoms like nausea and vomiting
that could jeopardize the ingestion or absorption of
their immunosuppressive medications.

No symptoms consistent with severe disease like
hypotension, lethargy, confusion, persistent fever

© Current Challenges in Thoracic Surgery. All rights reserved.

>38.0 °C, etc.

In the ambulatory setting our protocol includes:

)

I

(I1I)

)

%

VD

Patient instructions to call for any changes in the
parameters described above. Patients are closely
followed with phone calls and/or telemedicine visits
two to three times a week or as needed. Home
spirometry, SpO, and temperature, are monitored
twice a day or as needed.

We recommend acetaminophen for common

symptoms like fever, myalgias and headaches.

The role of COVID-19 specific therapy has not

been established in mild cases.

(i) We continue azithromycin which is used
by most of our patients as part of our post-
transplant protocol.

(i) We do not change our immunosuppression
regimen except for increase in prednisone
dose from the usual 10 to 20 mg daily. We do
not routinely use dexamethasone.

(i) Anticoagulation is only considered in patients
with high risk for venous thromboembolism
(VTE).

We recommend incentive spirometry several

times a day, although its utility in patients with

COVID-19 has not been established.

Persistent cough is treated with dextromethorphan

or benzonatate. Low dose opiates like hydrocodone

can be very helpful in well selected patients.

General counseling and reassurance is vital in

symptomatic but otherwise stable patients, given
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INR/PTT, HS troponin, IL-6
3) Screen for coinfections
- Blood, sputum cultures

- Quantitative CMV DNA assay
- Urinalysis
Daily:

Every other day:

2) Screen for cytokine release syndrome
- CRP, PCT, D-dimer, ferritin, lactate, LDH,

- PCR comprehensive viral panel
- Urine legionella and streptococcus antigens

- CBC, BMP, CRP. Other tests as indicated

- LDH, D-dimer, CRP, ferritin, IL-6 if CRS suspected

Current Challenges in Thoracic Surgery, 2021

Suspected/
Yes to Confirmed No to
either COVID-19 both
Inpatient Referral to
COVID-19
management Y ) L
virtual clinic
\ Clinically /
unstable
Sp0O, <94%
Y
At admission: ¥
1) Screen for organ failure -
- CBC + diff, ANC, type and screen. Cl!nlca! -
- Basic metabolic Profile (BMP), magnesium deterioration:
- Liver panel (LFTs) Refer to
- Electrocardiogram emergency room

SpO, <93% on room air:
- First tier:
- Convalescent plasma EAP
- Trials:
- Camostat, phase 2:
NCT04470544

RR > 30, SpO, < 93% on any FIO,
- First tier:
- Remdesevir x5-10 days
- Convalescent plasma EAP
- Second tier:
- Dexamethasone 6 mg daily x10 days
- Third tier:
Increased biomarkers, with CRS or at risk of CRS:
- Anakinra 100 mg BID x 72 hrs, then daily x 7 days
- Tocilizumab 8 mg/kg. May repeat if needed
- Trials:
- Camostat, phase 2: NCT04470544
- Lenzilumab, phase 3: NCT04351152
- Merimepodip, phase 2: NCT04410354

Critical condition: P/F ratio <300, NIV, MV
ECMO. Shock, RRT, MOD, or CRS
- First tier:
- Remdesevir x5-10 days (not for MV or ECMO)
- Convalescent plasma EUA
- Dexamethasone 6 mg daily x10 days
- Second tier:
Increased biomarkers, with/ at risk of CRS
- Anakinra 100 mg BID x72 hrs, then daily x7 days
- Tocilizumab 8 mg/kg. May repeat
- Trials:
- Ravulizumab, phase 3: NCT04369469
- Anticoagulation per algorithm
- Full anticoagulation. Assess for disseminated
intravascular thrombosis

Figure 3 Mayo Clinic Florida protocol for management of COVID-19 patients (42). AB, antibody; ANC, absolute neutrophil count; BMP,
basic metabolic panel; CBC, complete blood count; CMV, cytomegalovirus; CRP, C-reactive protein; CRS, cytokine release syndrome;
Diff, differential; EUA, emergency use authorization; LDH, lactate dehydrogenase; PCT, procalcitonin; EAP, Expanded Access Program;
ECMO, extracorporeal membrane oxygenation.

the degree of anxiety associated with COVID-19.

Management of bospitalized patients

Patients who do not meet criteria for ambulatory

© Current Challenges in Thoracic Surgery. All rights reserved.

management are admitted to the hospital in a COVID-19

designated area under the care of a multidisciplinary

COVID team. The management of hospitalized LTxR very

similar to the general population but some issues are unique

to I'TxR and will be reviewed here.
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General management

As illustrated in Figure 3, hospitalized patients with SARS-
CoV-2 infection are closely monitored both clinically,
but also with testing aimed at early detection of (I) organ
dysfunction, (II) impending CRS, or (III) the presence of
coinfections.

Coinfections must be ruled out, both at the time of
diagnosis or if there is a change in the clinical status. We
usually start empiric antibiotics with the intention to
discontinue them as soon as considered safe. In a meta-
analysis (42), the prevalence of co-infections in COVID-19
patients was estimated to be around 14%, but this number
has been questioned (43) and is probably higher. Limited
data suggests LTxR may have a much higher risk of co-
infections. In our review of 136 LTxR patients diagnosed
with COVID-19 (7,11,14,22-30), the presence or absence
of superinfection was documented in 115 patients, and it
was diagnosed in 30 patients (26%). More data is needed to
confirm the incidence of superinfections in LTxR.

Clinical deterioration in LTxR poses a major challenge
to treating physicians who not only must consider the
usual suspects like worsening ARDS, CRS, superinfection,
venous thromboembolic disease, cardiac dysfunction and
fluid overload, but also acute allograft rejection as well as
opportunistic infections like CMV and other viral, fungal,
and non-tuberculous mycobacteria infections.

Our approach to a patient with clinical deterioration
is aimed to obtain a quick diagnosis with the minimal
exposure to the staff.

(I) The biomarkers trend can be very useful. A
normal or significant decrease of CRP or IL-6
levels strongly suggests the absence of CRS, while
a normal or downtrend on procalcitonin levels
indicates that a bacterial infection is much less
likely. D-dimer levels trend can also be useful as
discussed in the anticoagulation section below.

(II) CTC is helpful to rule out pulmonary embolism or
when it presents atypical findings for COVID-19
pneumonia like cavities or pleural effusion. The
presence of ground glass infiltrates is nonspecific
and requires further investigation.

(IIT) Doppler ultrasound can be performed at the
bedside, minimizing exposure to the personnel, to
rule out deep venous thrombosis, assessment of
cardiac function and intra vascular volume status.

(IV) If an etiology cannot be determined with the
above testing a bronchoscopy with BAL is a
reasonable strategy. If negative for infection, the

© Current Challenges in Thoracic Surgery. All rights reserved.
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patient can be treated empirically with high dose
glucocorticoids (GCC). The specific management
of immunosuppression, anticoagulation,
pharmacotherapy and respiratory failure are
discussed below.

Management of immunosuppression

Calcineurin inhibitors (CNIs) and mammalian target
of rapamycin inhibitors (mTOR) are metabolized
by cytochrome P450 (CYP) 3A, with variable
bioavailability (44). Mycophenolate mofetil (MMF), a T
and B cell proliferation inhibitor, is metabolized by the
enzyme glucuronosyltransferase (45) and is subject to
entero-hepatic recirculation, leading to concerns for drugs
that affect this process.

Any hyper inflammatory state can lead to phenoconversion
of a fast metabolizer into a slow one, which may influence
the metabolism of the immunosuppressive drugs, making
close monitoring of their levels imperative in LTxR.

The goal of immunosuppression strategy in ITxR is to
reach a balance between excessive immunosuppression (which
makes patients vulnerable to viral infections) and suboptimal
immunosuppression (which may help with viral clearance but
could lead to allograft rejection) (46). Furthermore, given the
evidence that the immune dysregulation produces many of
the devastating effects from SARS-CoV-2 infection (47-49),
there is speculation that some degree of immunosuppression
may be beneficial to prevent or treat the hyper inflammatory
phase of the disease (50), although the evidence in support of
this theory is based mostly on anecdotal reports (26,51,52).
Some immunosuppressants, such as antimetabolites or
lymphocyte-depleting antibodies, can cause lymphopenia,
which has been associated with severe SARS-CoV-2
infection, ARDS, ICU admissions and mortality (53). In
addition, mTOR inhibitors have been associated to the
development of interstitial pneumonitis (54) and most
centers will discontinue both of these drugs.

The lack of consensus regarding immunosuppressive
therapy was demonstrated in a survey regarding
immunosuppression strategies in a hypothetical lung or
heart transplant recipient with COVID-19 infection and
hypoxemia (at least moderate-severe disease) performed
during an ISHLT webinar (55), shown on Tible 3.

The official ISHLT guidance (35), is to “consider”
holding MME, mT'OR inhibitors or azathioprine in patients
with moderate to severe illness.

At our institution, we maintain baseline
immunosuppression regimen in patients with mild disease.

Curr Chall Thorac Surg 2021;3:29 | http://dx.doi.org/10.21037/ccts-20-172
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Table 3 ISHLT survey (55) regarding immunosuppression strategies in heart or lung transplant patients with COVID-19 and hypoxemia (n=465

responders)

Immunosuppression adjustment Percentage
Discontinue MMF only 25%
No changes in immunosuppression 22%
Discontinue MMF and reduce tacrolimus 18%
Reduce MMF and continue tacrolimus 19%
Reduce MMF and tacrolimus 11%
Discontinue all immunosuppression. 4%

ISHLT, International Society of Heart and Lung Transplant; MMF, mycophenolate mofetil.

We decrease or hold antimetabolites as well as mTOR
inhibitors for moderate or severe disease while keeping
CNIs at the baseline dose, especially considering its possible
effect as an inhibitor of interleukins 1 and 6 pathways,
both implicated in the dysregulated immunologic response
observed in severe COVID-19.

GCC are frequently used at variable doses, especially
since the original report of the benefits of dexamethasone
in patients with hypoxemia and severe disease (56). A
retrospective study (57) found corticosteroid use in mild
cases admitted to a general hospital ward and with PaO,/
FiO, ratio <300 or a SpO,/FiO, ratio <440 was associated
with a significantly lower risk of ICU transfer, intubation
or death. In another study the administration of GCC
within the first 48 hours of hospitalization was associated
with a significant reduction in mortality and mechanical
ventilation in patients with CRP levels >20 mg/dL (58), but
for those with CRP levels <10 mg/dL an opposite effect
was observed. A meta-analysis (59) of 7 randomized trials
including 1,703 critically ill patients concluded that the
administration of systemic corticosteroids was associated
with a lower 28-day all-cause mortality. A regimen we have
used with apparent success is similar to the one reported by
Tomazini ez al. (60), who reported a significant increase in
days alive and free from mechanical ventilation at day 28
with a regimen of IV dexamethasone administered at a dose
of 20 mg IV for five days, followed by 10 mg for five more
days or until discharge from ICU.

In the absence of specific guidelines, the administration
of GCC is individualized. In a patient with low probability
of co-infection, with signs of significant inflammatory state,
and/or clinically worsening, we use methylprednisolone
in doses up to 10 mg/kg once a day for 1-3 days followed
by a slow tapper, whereas, in a patient with milder disease

© Current Challenges in Thoracic Surgery. All rights reserved.

we use lower doses of methylprednisolone or prednisone
equivalent. Close follow up of clinical status with biomarker
assessment on a daily basis dictates following doses and
tapering protocols.

Pharmacologic treatment

Multiple drugs have been used in the treatment of
COVID-19 and they are summarized in Table 4.

Antiviral treatment

The Food and Drug Administration (FDA) have
approved remdesivir for treatment of hospitalized
subjects with COVID-19 (62), based on several studies
(63-65) that suggested potential benefit in mortality,
and clinical improvement, although these reports had
significant limitations (66). A third study from China (67)
showed greater clinical improvement at 28 days but was
underpowered to detect a mortality benefit. Although
the WHO Solidarity trial (68) which included 2,743
hospitalized patients, showed no mortality benefit, the
largest double-blind RCT (69) reported shorter time to
recovery and less severe respiratory complications in the
treatment group when compared with placebo. On October
22, 2020 the FDA approved the use of remdesivir for the
treatment of COVID-19 (62). To date there are no reports
of clinically significant interactions between remdesivir and
immunosuppressive regimes used for LT'xR.

We recommend against the use of lopinavir/ritonavir (L/R)
not only because of its inhibiting effects on CYP3A4,
which could lead to a significant increase in the CNI serum
levels (70-73), but also because of its lack of proven efficacy
in the largest and only randomized trial published to
date (74), as well as the WHO solidarity trial (68). The
IDSA (33) do not recommend its use and NIH (61)

recommend using L/R only in the context of a clinical trial.
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Table 4 Treatment recommendations for moderate-severe COVID-19 infections

Variables IDSA (33)

NIH (61)

LTxR Mayo Clinic Florida

Glucocorticoids Only for patients with severe

iliness*

Hydroxychloroquine or Not recommended

chloroquine

Hydroxychloroquine + Not recommended

azithromycin
lvermectin Only as part of a clinical trial
Convalescent plasma

Remdesivir Recommended only for severe

illness*, including patients on MV

or ECMO
Lopinavir/ritonavir Not recommended
Tocilizumab/IL-6 inhibitors Not recommended
Anakinra Not addressed
Lenzilumab Not addressed
Camostat mesylate Not addressed

Bamlanivimab
Against in severely lll patients
Baricitinib
when CC contraindicated

Casirivimab + imdevimab Consider in increased risk patients Not for or against its use

Standard VTE prophylaxis Not applicable

Therapeutic
anticoagulation

Not applicable

Vitamin D Not addressed

Statins Not addressed

Only for patients with severe
illness*

Only in non-hospitalized patients
as part of clinical trial

As part as clinical trial

Not for or against it

Recommended only in clinical trials Not for or against its use

As part of clinical trial

Not for or against its use
Not addressed
Not addressed

Consider in increased risk patients. Not for or against its use

With remdesivir in severe patients  As part of clinical trial

All hospitalized patients

All patients with VTE event or on
ECMO

Not for or against its use

Continue use if on statins before
illness

Only for patients with severe
illness*

Not used

Not used. Continue if already on
azithromycin

No used

As part as clinical trial

Recommended for patients on low Used in patients with
flow oxygen. Not for or against in
patients high flow, NIV or MV

moderate-severe illness,
including those on MV or ECMO

Not used

Recommended only in clinical trials For patients with severe iliness + CRS

As part of clinical trial
As part of clinical trial
As part of clinical trial

As part of clinical trial

As part of clinical trial

Not routinely used

Recommended for all
hospitalized patients

Patients with VTE event or D-dimer
>3,000 ng/mL or on ECMO

Not used

Continue prior treatment if no
transaminitis

*, defined as patients with SpO, <94% on room air, requiring supplemental oxygen, mechanical ventilation or ECMO. CC,
corticosteroids; IDSA, Infectious Diseases Society of America; IL-6, interleukin-6; MV, mechanical ventilation; NIH, National Institutes
of Health; NIV, non-invasive ventilation; VTE, venous thromboembolism; ECMO, extracorporeal membrane oxygenation; CRS, cytokine

release syndrome.

The same concerns have been raised about other drugs
with potential antiviral effects like hydroxychloroquine,
azithromycin or ivermectin. If L/R is used, tacrolimus
dosages as low as 0.5-1 mg once weekly, and 25 mg every
1-2 days for cyclosporine have been recommended, with
close monitoring of serum levels (75).

Immune-based therapy

The use of agents to prevent or ameliorate the CRS
characteristic of severe SARS-CoV-2 infection has been

© Current Challenges in Thoracic Surgery. All rights reserved.

a therapeutic target since the beginning of the pandemic.
Corticosteroids belong to this category and have been
discussed above. Other immunomodulatory agents that
have been studied for COVID-19 include interleukin (IL)
inhibitors (IL-1 and -6), kinase inhibitors, interferons, Janus
kinase (JK) inhibitors, monoclonal antibodies and human
blood derived products donated by patients that recovered
from SARS-CoV-2 infection, including convalescent plasma
transfusion (CPT), immunoglobulin products, mesenchymal
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Table 5 ISHLT survey (55) regarding immunomodulatory therapy
in lung transplant patients with COVID-19 (n=544 responders)

Percentage
At presentation 5%
With respiratory deterioration prior to intubation 34%
After intubation 11%
Based on inflammatory markers 40%
Would not use them 10%

ISHLT, International Society of Heart and Lung Transplant.

stem cells and neutralizing monoclonal antibodies directed
against the virus.

None of these agents have proven conclusively to be
effective in the treatment of COVID-19 and they have
been used only sporadically, if at all, in LTxR. Table 5
describes physician’s preferences regarding the use of
immunomodulatory therapy, according to the ISHLT
survey mentioned above (55).

Tocilizumab (TCZ), an IL-6 blocker, is the most used
agent in SOTr. In three of the largest trials of COVID-19
(9,76,77), with a total of 92 kidney transplant recipients
with SARS-CoV-2 induced ARDS were treated with
TCZ, among other drugs, with a mortality between 30%
to 40%, probably worse than in two reports in severely
ill but immunocompetent patients from Italy involving
279 patients with a mortality of 20% (78) and 25% (79)
respectively. Another study (80) reported a mortality of
18% of intubated immunocompetent patients compared
to 36% in the control group. This suggests that TCZ,
may be less effective in SOTr with SARS-CoV-2 ARDS. A
more recent study by Pereira er 4l. (81) found no mortality
benefit in SOTr. On September 25, 2020 the IDSA changed
its guidelines (33) and no longer recommends TCZ as
treatment for COVID-19 based on a preliminary review of
a RCT reported (82) but not peer reviewed at the time, that
showed no significant benefit in mortality or clinical status.
Two more RCT reported that TCZ was not effective for
preventing intubation or death in moderately ill hospitalized
patients with COVID-19 (83), and although it reduced
the likelihood of progression to the composite outcome
of mechanical ventilation and death, it did not improve
survival (84), yet a preliminary report of the REMAP-CAP
trial showed that T'CZ or sarilumab (also an IL-6 inhibitor)
reduced mortality and time to ICU discharge (85).

Immunomodulatory therapy may increase the risk

© Current Challenges in Thoracic Surgery. All rights reserved.
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of infections, and there are reports of serious infections
in SOTr treated with TCZ, including viral (86),
bacterial and fungal infections (80,87,88). There are no
reports of significant interactions between TCZ and
immunosuppressive regimes used for LTxR, but a dramatic
TCZ-induced reduction in IL levels can revert the process
of phenoconversion, and because of the long life of TCZ it
may be prudent to carefully monitor immunosuppression
for months (75). We use TCZ in severely ill patients with
increased markers suggestive of CRS.

Anakinra is an IL-1 receptor antagonist that has been
proposed as a potential therapeutic agent to prevent the
CRS associated with COVID-19, and limited data in
immunocompetent patients suggests it may improve survival
and reduce the need for mechanical ventilation (89-93) and
at least as effective as TCZ (94).

There are no clinical trials addressing the use of anakinra
in SOTr or LTxR and we found reports of only two patients
with severe COVID-19 treated with this drug. One died (24)
while the second survived (29). Potential advantages of
anakinra include a good safety profile and prior use in solid
organ transplant recipients for other indications (95,96). We
recommend its use in LTxR only within a clinical trial. The
initial experience at Mayo Clinic with lenzilumab (97), a
recombinant antibody that targets granulocyte-macrophage
colony-stimulating factor (GMCSF), has been promising
and clinical trials are underway at our center.

There is no data available regarding the use of other
immunomodulators like JK kinase inhibitors (baricitinib) or
monoclonal antibodies (bamlanivimab or the combination
of casirivimab/imdevimab) in SOTr, although there are
promising reports or preliminary data in the general
population (98,99) and they have received an emergency
use authorization by the FDA (100-102). The ISHLT
guidelines (35) report indicates they have low potential for
clinical interaction with immunosuppression but cautions
about potential subtherapeutic drug levels for calcineurins
and mTOR inhibitors. Close monitoring is strongly
encouraged with the assistance of the pharmacy service, as
well as close surveillance for co-infections.

Anticoagulation

COVID-19 has been associated with a hypercoagulable
state with increased risk of venous (VTE) and arterial
thromboembolic events, especially in the critically ill
(103-107), and it has been associated to a more severe illness
and mortality (108).

Typical laboratory abnormalities include a marked
elevation in D-dimer and fibrin degradation products.

Curr Chall Thorac Surg 2021;3:29 | http://dx.doi.org/10.21037/ccts-20-172
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Baseline labs:

- Start thromboprophylaxis
- Enoxaparin (based on renal function and BMI)
- Unfractioned heparin
- 5000 units SQ every 8 hrs
- 5000 units SQ every 12 hrs if < 50 kg
- Apixaban: 2.5 mg PO BID
- If history of HIT Fondaparinoux 2.5 mg daily

Worsening
Conditions or
P/F ratio
<200

D-dimer levels
(Ng/mL)
( <500 ) ( >3000 ) (500—3000)

/
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Evaluate bleeding risk

CBC, PT, PTT, INR, TEG, _—> - Platelets <50 K
D-dimer, fibrinogen - Current/recent bleeding
- Hb drop >2 gm/dL over 24 hrs
- Child Pugh Class C liver disease
No - Recent surgery or head bleed

No anticogulation

Hypocoagulable pattern

- R time on TEG >10 min,
or

- Low fibrinogen levels

Check TEG
and
Fibrinogen

Normal or hypercoagulable pattern
- R time on TEG < 5 min,
or
- Normal/elevated fibrinogen levels

Y

- Serial labs (same as above) every 3 days

- 4 extremities doppler US baseline and weekly <
- Consider CT angiogram

High intensity
prophylaxis (see text)

Clot
present

Therapeutic
anticoagulation

Figure 4 Anticoagulation protocol at Mayo Clinic for hospitalized patients with COVID 19 infection (42). CBC, complete blood count; PT,

prothrombin time; PT'T, partial thromboplastin time; INR, international normalized ratio; TEG, thromboelastogram; Hb, hemoglobin;

HIT, heparin-induced thrombocytopenia.

D-dimer levels >3 pg/mL have been associated with increased
risk of VTE (103,109) and a diminished response to standard
prophylaxis (109). The presence of antiphospholipid
antibodies (110) and thrombocytopenia (111)
have also been reported and associated with increased
risk for VT'E. Mild alterations in the prothrombin
time/international normalized ratio (PT/INR) and
activated partial thromboplastin time (aPTT) have been
reported (112,113), along with occasional progression to
disseminated intravascular coagulation (114).

All hospitalized patients should receive standard
prophylactic therapy, and those with proven, or high
clinical suspicion of VTE, should receive therapeutic

© Current Challenges in Thoracic Surgery. All rights reserved.

anticoagulation, but it is not clear how to monitor and treat
this hypercoagulable state. We favor the approach suggested
by the Cleveland Clinic group (115), in which D-dimer,
fibrinogen, PT/INR and aPTT are monitored every
48 hours. For those with a D-dimer >3.0 pg/mL a point-of-
care ultrasound should be performed. For those with proven
deep vein thrombosis therapeutic anticoagulation should be
administered, while in those with negative ultrasonography
high intensity prophylaxis should be considered, usually
with heparin, either 7500 units every 8 hours or with a low
intensity drip, or enoxaparin, 40 mg every 12 hours.

This approach seems to be supported by a recent
study (116) that found that a D-dimer level of >2,590 ng/mL
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O, by NC. Titrate up to 6 LPM

!

A
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Y

Increase O,

A

Y

Continue

based on SpO,
and WOB

Y

HFNC up to
60 LPM
FIO, 0.5t0 0.8

v

Proning should be
considered at any time

Inhaled Nitric oxide
5-20 PPM trial

Helmet NIV

v

\ Mechanical
ventilation

v

ECMO

Figure 5 Approach to the management of hypoxic respiratory failure. This is not a rigid protocol and changes should be applied by the

bedside clinician as needed (42). Abbreviations, LPM, liters per minute; NC, nasal cannula; HFNC, high flow nasal cannula; NIV, non-

invasive ventilation; SpO,, oxygen saturation; WOB, work of breathing; ECMO, extracorporeal membrane oxygenation; PPM, part per

million.

was associated with a 17-fold increase risk of VI'E and
was and an independent predictor pulmonary embolism
in patients not receiving anticoagulation. Figure 4 shows
our approach to anticoagulation in COVID-19 infected
patients.

Convalescent plasma

CPT obtained from individuals who have recovered
from COVID-19 may provide a significant mortality
benefit (117), especially if it contains high levels of
neutralizing antibody titers, at least 1:160, and when
administered early during the course of the infection (118-
121), but evidence is still inadequate (117). Despite its
good safety profile (122,123), more studies are needed to
corroborate these initial findings. It is not known if the
response of LTxR to CPT would be different than the
general population, but based on anecdotal reports of poor
outcomes for patients with SARS-CoV-2 infection that
have received lymphocyte depleting therapy (124,125)
and another report of an excellent response in one such
a patient, treated with rituximab for lymphoma, after
receiving CPT (126) it is tempting to explore if this
therapy could be beneficial to our patients who are usually

© Current Challenges in Thoracic Surgery. All rights reserved.

treated with drugs that inhibit B cell activation. In fact,
our early experience has shown that many LTxR may
not develop anti SARS-CoV-2 antibodies. If this data is
confirmed, the administration of CPT, immunoglobulins
or monoclonal antibodies may be a useful addition to their
treatment.

Management of respiratory failure

The management of respiratory failure in LTxR is not

different than in the general population. A detailed

description is beyond the scope of this review, but a few

comments about our approach are worth mentioning and

are summarized on Figure 5.

In general, our management of vespivatory failure is

aimed at three goals

(I) Meet oxygenation requirements. This is not always
easily defined, but on clinical grounds it is considered
that maintaining a SpO, >90% by pulse oximeter,
despite its known limitations, is a reasonable goal.

(II) Maintaining a low level of work of breathing (WOB).
Most patients with normal WOB can be managed
without invasive mechanical ventilation, even if severe
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hypoxia is present.

(IIT) Reserve intubation and mechanical ventilation only
for patients with refractory hypoxemia and increased
WOB. This strategy not only would preserve precious
resources, but may avoid potential complications
associated with mechanical ventilation.

Non-invasive ventilation (NIV)

(I) Hpypoxic patients who do not respond to oxygen
administration by nasal cannula (NC) up to 6 LPM
are transitioned into NIV.

(II) NIV is administered by either a high flow nasal
cannula (HFNC), from 20-60 LPM and FIO,
from 0.5 to 0.8, or non-invasive positive pressure
ventilation (NIPPV). We favor this approach over
early intubation as proposed by some authors. In our
experience, these patients can be safely treated in a
well monitored unit.

(M) Our preference is HFNC because it is effective
and more comfortable, but NIPPV may be more
adequate in patients with sleep disorders, hypercapnia,
or pulmonary edema. If NIPPV is used, we have
had good results with the Helmet system protocol
described by the group of the University of
Chicago (127), a strategy supported by a report (128)
of 157 patients with COVID-19 hypoxemic respiratory
failure in which helmet NIPPV was successful in
avoiding intubation in 55% of the patients and it
was well tolerated. Conventional CPAP has been
reported to avoid intubation in 58% of patients with
COVID-19 and hypoxemic respiratory failure (129)
and it is an acceptable option.

Regardless of the NIV implemented, close
monitoring is essential to avoid late or emergency
intubation. In patients with HFNC, the ROX index
(defined as the ratio of SpO,/FIO, to respiratory rate)
proposed by Roca er al. (130) has been validated as a
useful tool to identify those at risk for failure and will
likely require mechanical ventilation and has been
shown to be useful in patients with COVID-19 (131).
Patients on HFNC must wear a mask at all times to
decrease exposure by aerosolization (132).

(IV) Despite of lack of evidence of benefit in patients with
ARDS (133), and disappointing results in small series
in SARS-CoV-2 pneumonia (134,135) we use inhaled
nitric oxide (iNO) in patients with severe hypoxia
but only if a significant improvement on the gas
exchange is observed. In our experience iNO seems to
buy enough time in some patients and it may help to

© Current Challenges in Thoracic Surgery. All rights reserved.
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prevent intubation while the infection runs its course.
One small study reported similar findings (136), but
RCT clinical trials are clearly needed.

Mechanical ventilation: this should be the last resort if we

fail to achieve the objectives described above

(I)  Although the lung protective ventilation strategies for
patients with ARDS has been well established (137),
an unresolved question in LT'xR is if the tidal volume
(VT) should be calculated based on the recipient or
the donor lung size. In an interesting study, Dezube
et al. (138) reported that recipients of undersized
grafts received higher VT than recipients of oversized
donor grafts, raising concern that former group may
be placed at higher risk for ventilator-induced lung
injury.

(I) Proper ventilatory management of patients with
COVID-19 associated has been controversial since
reports emerged suggesting some of these patients may
present with a surprisingly normal compliance (139)
(phenotype “L”, for low elastance), and may benefit
from larger VT and lower levels of PEEP than those
recommended by the ARDS network (140,141).
Although intriguing, until there is more evidence of the
benefits of this strategy, we support the conventional
ARDS lung protective mechanical ventilation
recommended by the ARDS network (137) given
available evidence that this ventilatory strategy can
be beneficial in patients with ARDS and a relatively
good compliance (142), or even without ARDS (143).
A report from Janz et al. seems to corroborate these
assumptions (144).

(III) The use of high PEEP (145) and proning (146) have
been associated with improved survival in patients
with ARDS, so until compelling evidence arises to the
contrary, our approach will continue to be to follow
current evidence-based guidelines.

ECMO

The use of ECMO in LTxR with COVID-19 induced

ARDS patients should follow similar guidelines as for any

other patient with ARDS (147). We favor an early referral

for ECMO based on the criteria listed on the 7able 6 below.

These are not exactly the criteria established in the EOLIA

trial (148), but we feel this protocol helps to mobilize the

resources early with the hope it will prevent irreversible
damage to the lungs and other organs, or severe physical
deconditioning (149,150). A unique contraindication, in

LTxR, is the presence of grade 3 chronic lung allograft

dysfunction (CLAD).
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Table 6 Indications and contraindications for the use of ECMO in COVID-19 associated ARDS (147)

Indications for early referral

Contraindications

Rapidly progressive (6-12 h) respiratory failure
Sp0, <90%, P/F ratio <150, FIO, =0.7
PCO, >60, pH <7.25
Progressive barotrauma with need of non-protective ventilation settings
Early onset of secondary organ failures
Hypercapnia in the setting of established right heart failure
Unstable pulmonary embolism
Evidence of myocarditis

Rapidly worsening pulmonary compliance

Irreversible liver/kidney/lung/cardiac failure and
contraindications to transplant

Terminal malignancy
Irreversible neurologic injury

Multiorgan failure >72 hours

Mechanical ventilation >7 days
Unfavorable vasculature

Patient’s wishes, age >70 years, grade 3 chronic lung allograft
dysfunction

ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome.

Follow up after discharge

After SARS-CoV-2 infection LTxR are followed in a similar
manner as any other patient, according to their clinical
condition. The key factor is to determine the duration
of isolation. We follow the CDC guidelines (151) that
recommend termination of isolation 20 days after symptoms
onset and more than 24 hours without fever in severe
cases or immunosuppressed patients. The role of RT-PCR
testing is unknown, but CDC guidelines allow its use in
immunosuppressed patients in consultation with infectious
diseases experts. Patients are followed via telemedicine if
they are within the isolation period and are seen face to face
if outside the isolation period. Baseline immunosuppression
is resumed. Emphasis is placed on physical rehabilitation.

Screening of donors and recipients

The transmission from asymptomatic SARS-CoV-2
carriers has been well documented (152-155) and poses a
significant barrier to organ donation given the possibility
of transplanting an organ from an infected donor or into an
infected recipient, with potential disastrous consequences
not only for the recipient but also for the health care
personnel (156). Accordingly, all organ procurement and
transplantation protocols must be designed to adequately
screen both donors and recipients (157,158).

ISHLT guidelines (35) recommend screening all donors
and recipients. Information regarding suspicious symptoms
as well as potential contacts with symptomatic individuals
must be obtained. Another factor to consider is the

prevalence of COVID-19 in the donor area. Samples from
the respiratory tract should be obtained within three days
of procurement and any additional tests performed before
the patient was declared a donor, should be reported. In
the USA, the United Network for Organ Sharing (UNOS)
has modified the DonorNet® data collection program to
capture information regarding donor COVID-19 testing.

Whether samples should be taken by BAL or tracheal
aspirate versus nasopharyngeal swabs is unknown. We
prefer the former but this may not be available at all donor
sites. The American Society of Transplantation (AST)
recommends one test from both sources (159). Recipients
must be informed of the possibility of COVID-19
transmission even from COVID-19 negative donors,
and this must be carefully documented. After one of our
patients tested positive immediately after transplant, with
several subsequent negative samples, excellent postoperative
evolution, and no evidence of infection in the donor or
other recipients, we decided to obtain a lower respiratory
tract sample during procurement to be analyzed at our
institution as a control. There are no specific guidelines to
screen donors with CTC, but we agree with the Temple
University group (160) that this is a necessary tool to
evaluate potential lung donors. Any donor with suspicious
infiltrates for SARS-CoV-2 (38,161) will be declined at
our institution. We do not routinely screen recipients
with a CTC unless there are reasons to suspect possible
COVID-19. Recipients with new symptoms consistent
with SARS-CoV-2 infection are inactivated until a definite
conclusion is reached.

© Current Challenges in Thoracic Surgery. All rights reserved. Curr Chall Thorac Surg 2021;3:29 | http://dx.doi.org/10.21037/ccts-20-172



Current Challenges in Thoracic Surgery, 2021

Page 15 of 23

Table 7 ISHLT criteria (35) for reactivation of waitlisted patients after COVID-19 infections

Clinical scenario Criteria for reactivation

Exposure to confirmed or
suspected case of COVID-19
within last 14 days

1. Asymptomatic and

2.7 days post exposure and

3. Two negative SARS-CoV-2 RT-PCR tests 24-48 hours apart and

4. High risk of mortality without organ transplantation

Previous symptomatic COVID-19 1. Clinical resolution and

2. 28 days from onset of symptoms (can be shortened to 14-28 days if high risk mortality

without a transplant) and

3. Two negative SARS-CoV-2 RT-PCR tests 24-48 hours apart and

4. No other COVID-19 related organ damage

5. If RT-PCR remains positive in asymptomatic patients >28 days since diagnosis if high risk mortality

without a transplant

Asymptomatic and positive
SARS-CoV-2 RT-PCR

1. 14 days since diagnosis unless high risk mortality without a transplant and

2. Two negative SARS-CoV-2 RT-PCR tests 24-48 hours apart

3. If RT-PCR remains positive in asymptomatic patients >28 days since

4. diagnosis if high risk mortality without a transplant

RT-PCR, reverse-transcription polymerase chain reaction; ISHLT, International Society of Heart and Lung Transplant.

There is not enough data regarding the use of donors
with prior history of SARS-CoV-2 infection. Our approach
is similar to the one proposed by ISHLT (35), which
stipulates such donors could be used if it can be established
that at least 28 days have elapsed from the onset of
symptoms, two negative RT-PCR tests (including a lower
respiratory specimen) 24-48 hours apart are negative, and a
chest CT scan is normal, in addition to the standard donor
criteria (162,163). Information regarding the severity of
the COVID-19 donor infection, including a history of
mechanical ventilation, shock, and multiorgan failure is also
important.

The decision to proceed with transplantation

This decision must be made by carefully assessing
the risk/benefit ratio for the recipient. Several factors
must be considered, including severity of underlying
pulmonary disease, recent or progressive deterioration,
and circumstances that may limit the availability of suitable
donors, like extreme heights, blood type, or presence
of unacceptable anti HLA antibodies. In areas heavily
impacted by the pandemic, consideration should be given to
local resources available to manage patients when ICU beds
may be scarce.

© Current Challenges in Thoracic Surgery. All rights reserved.

Reactivation of patients on the waitlist after
SARS-CoV-2 infection

Patients on the waitlist who develop COVID-19 are
inactivated. Once recovered, we follow the ISHLT

guidelines (35) to consider their reactivation described on
Tuble 7.

Lung transplantation for SARS-CoV-2 chronic
respiratory failure recipients

The number of patients referred for lung transplant due
to pulmonary sequela from COVID-19 is expected to rise
sharply in the immediate future, but there are no clear
guidelines for their evaluation and acceptance as transplant
candidates. Table § describes the criteria suggested by the
Toronto group (164) in reference to a case report of a patient
bridged by ECMO and rescued by a lung transplant that
we find are applicable for the vast majority of potential post
COVID-19 lung injury candidates. Unfortunately, to date
we have been able to add to the waitlist very few of these
patients because they have developed multiple comorbidities
(extreme deconditioning, multiorgan failure) as a result
of their COVID-19 disease. Personal communications
regarding a very limited number of patients transplanted
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Table 8 Criteria to accept as candidates for lung transplantation patients with chronic respiratory failure after COVID-19 pneumonia [adapted

from (164)]

1. At least 4-6 weeks of recovery time must be allowed after onset of respiratory failure

. Presence of radiological evidence of irreversible lung injury

. Patients should be able to participate in physical rehabilitation

2
3
4. Patients should meet the established criteria to be candidates for lung transplantation (164)
5

. Patients should have a recent negative SARS-CoV-2 PCR result, or prove of absence of viable virus by infectivity assays from lower

respiratory tract samples

PCR, polymerase chain reaction.

suggest their outcomes after transplant are rather poor for
patients with severe physical deconditioning.

Vaccination for patients in the waitlist or post
lung transplantation

Currently the FDA has issued an EUA for two mRNA based
vaccines, the Pfizer-BioNTech (165) and the Moderna (166),
but others are expected to be approved soon.

Based on prior experience with other vaccinations,
and the safety data accumulated to date, the ISHLT
guidelines (35) recommends vaccination against COVID-19
for LTxR and patients awaiting for transplantation who are
unlikely to receive an organ donor within 2-3 weeks post
vaccination. The guidelines recommend a waiting period
of one month posttransplant surgery and 3-6 months
after the administration of T or B-cell depleting agents.
Our protocol is 90 days waiting period for both. Whether
any of these or future vaccines will trigger an effective
immunologic response in LTxR remains to be seen.
Conclusions

Lung transplant recipients with COVID-19 present
in similar ways as the general population, but current
evidence suggests they are at higher risk for severe illness.
Immunosuppression regimens are frequently unchanged
in mild cases, but antimetabolites and mTOR inhibitors
are usually held in more severe cases. Glucocorticosteroids
are used routinely and frequently in high doses.
Anticoagulation and the management of respiratory failure
is similar as in the general population. Unless there are
concern for interaction with immunosuppressive regimens,
LTxR should be included in clinical trials for therapeutic
modalities currently under evaluation. Whether COVID-19
is a risk factor for the subsequent development of CLAD is
not known at this point, but it will likely be the case, given

© Current Challenges in Thoracic Surgery. All rights reserved.

previously recognized association between CLAD and
viral infections. Vaccination for prevention of COVID-19
infection is strongly encouraged given its apparent low risk
and potential benefits. Future research should be focused
on the management of immunosuppression regimens, the
potential effects of current and investigational therapies
in the incidence of acute rejection and/or coinfections,
the incidence of CLAD after COVID-19 infection, safe
strategies to avoid contagion during lung transplantation
and the potential effect of COVID-19 infection in the
future development of CLAD. Registries of LTxR with
COVID-19 are urgently needed to better define treatment
strategies in this population.
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