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Lung transplantation during the outbreak of Coronavirus
Disease 2019 in China
Bo Wu, MD,a Man Huang, MD,b Guohui Jiao, MD,a Chunxiao Hu, MD,a Yi Yang, MD,c and
Chen Jingyu, MD,a,d China Lung Transplantation Alliance, National Lung Transplantation Expert Group
for COVID-19*
ABSTRACT

Objectives: The study objectives were to illustrate our workflow for lung donation
and transplantation during the Coronavirus Disease 2019 crisis and to report our
preliminary experience with perioperative care.

Methods: We retrospectively analyzed data in the China Lung Transplantation
Registration from January 23, 2020, to March 23, 2020 (2020 cohort), compared
with the same period in 2019 (2019 cohort). Pre– and post–lung transplantation
management strategies, including measures aiming to prevent severe acute respi-
ratory syndrome coronavirus 2 infection, were applied to all recipients, including 5
post–Coronavirus Disease 2019 transplants during the Coronavirus Disease 2019
pandemic period in China.

Results: Twenty-eight lung transplant procedures were performed, including lung
transplant for 5 patients with acute respiratory distress syndrome due to Coronavi-
rus Disease 2019–related pulmonary fibrosis. Compared with the 2019 cohort, more
patients with urgent conditions received transplantation in 2020, with a shorter pre–
lung transplant admission time and early mobilization post–lung transplant. A large
proportion (60%) of lung donations were transported on high-speed trains and
commercial flights or highways and commercial flights. Grafts in the preservation
containers were handed over to the receiving staff at the airport for 40% (10/25)
of donations, which reduced the unnecessary quarantine of transporting staff
entering the city. Listed candidates were urgently transferred to other qualified cen-
ters in 17.9% of cases (5/28), which reduced the risk of severe acute respiratory syn-
drome coronavirus 2 exposure in Coronavirus Disease 2019–designated hospitals.
The 90-day survival of the transplant recipients in 2020 was 85.7%, including 3 of
5 recipients (60%) who had critically severe Coronavirus Disease 2019.

Conclusions: Lung transplant and donation amid Coronavirus Disease 2019 can be
performed safely with coordinated efforts onmedical resource sharing andmedical
staff protection based on stratification of the infection risk. Outcomes were not
compromised during the Coronavirus Disease 2019 outbreak. Lung transplantion
can be regarded as salvage therapy for critical patients with Coronavirus Disease
2019 with a confirmed positive turned negative virology status. (J Thorac Cardio-
vasc Surg 2022;163:326-35)
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CENTRAL MESSAGE

Lung donation and transplanta-
tion amid COVID-19 were per-
formed safely and could be the
salvaging therapy for critical pa-
tients post–COVID-19.
PERSPECTIVE
Candidates’ referral and transplantation can be
adopted with coordinated effort on medical
resource sharing and medical staff protected ac-
cording to the stratification of infection risk.
Short-term follow-up of transplant recipients
with critically severe COVID-19 with confirmed
positive turned negative virology status demon-
strated a promising result.
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Abbreviations and Acronyms
BMI ¼ body mass index
CLTA ¼ China Lung Transplantation

Alliance
COVID-19 ¼ Coronavirus Disease 2019
ECMO ¼ extracorporeal membrane

oxygenation
ICU ¼ intensive care unit
Ig ¼ immunoglobulin
LTx ¼ lung transplantation
MV ¼ mechanical ventilation
NAT ¼ nucleic acid test
SARS-COV-2 ¼ severe acute respiratory syndrome

coronavirus 2
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Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)–induced Coronavirus Disease 2019 (COVID-19)
is a global pandemic that is wreaking havoc worldwide.1

Sustained community transmission of the virus continues
despite the adoption of precautionary measures, such
as quarantine and temporary city lockdowns. The “new
normal” post–COVID-19 pandemic era may permanently
change our previous model of medical care. The COVID-19
outbreak in cities saturated the healthcare system and
decreased organ donation and transplantation activity
because of the risk of cross-infection with unrecognized
viral shedding by potential donors and recipients.2 For
transplantation centers, the balancing of resources to ensure
the safety of recipients, listing candidates, and professionals
while carrying out elective and urgent lung transplantation
(LTx) surgeries remains a considerable challenge. Publica-
tions and guidelines on screening donors, assessing recipi-
ents, and preventing the risk of SARS-CoV-2 infection
emerged.3,4 However, evaluations of the LTx performed
during the COVID-19 outbreak remain scarce.

We collected LTx data from the time when the city of
Wuhan declared a state of emergency and imposed a lock-
down with containment measures on January 23, 2020, to
provide our experience in the management and prompt
resumption of LTx activity during the unprecedented
outbreak of COVID-19. The number of existing confirmed
COVID-19 cases decreased in China after February 15, and
candidates listed for LTx were gradually admitted to LTx
The Journal of Thoracic and Ca
centers. Donated grafts were transported as a result of a
collaborative effort by the China Lung Transplantation
Alliance (CLTA)5 (detailed information is provided in
Appendix E1). We further documented post-LTx outcomes,
including data from 5 recipients who had critical COVID-
19 with confirmed positive turned negative virology status
(hereafter referred to as patients post–COVID-19) to
confirm the feasibility and safety of performing lung dona-
tion and transplantation in the midst of the COVID-19
pandemic.

MATERIALS AND METHODS
Study Population

We retrospectively analyzed nationwide data in the Chinese LTx regis-

try from January 23, 2020, toMarch 23, 2020 (2020 cohort). Data collected

from January 23, 2019, to March 23, 2019 (2019 cohort), were used as a

benchmark for outcomes in 2020. Because the study used a retrospective

design and data were analyzed anonymously, this study was exempt from

ethical approval and the requirement of obtained informed consents from

patients. This study was conducted in compliance with the provisions of

the Declaration of Helsinki.

Ethics
The Institutional Ethics Committees of all the qualified centers

approved the procedures, including verbal consent procedures and data

collection. Written informed consent was obtained from the patients and

next of kin. The transplanted organs were obtained from volunteer dona-

tions, and the next of kin voluntarily provided written informed consent.

No lungs were obtained from executed prisoners.5 The Institutional Ethics

Committees of the Organ Procurement Organization approved the donation

procedures. Donor lungs were allocated through the China Organ Trans-

plant Response System (https://www.cot.org.cn/) with comprehensive

consideration of factors, such as the recipient’s body size, blood type,

and urgency status; the locations of the donors and recipients; and the

time spent on the waiting list. The National Transplant Medical Review

Board (Chinese Lung Transplantation Society and Transplantation Data

Management & Quality Control Center) approved and registered the do-

nors’ and recipients’ data (Figure E1).
Organ Donation, Allocation, and Logistics
The routine protocol for donated lung transportation and transplantation

in China was based on the CLTA-coordinated workflow after September

2018 (Appendix E1).5 Special measures were applied during the

COVID-19 pandemic to protect medical staff and recipients from the

risk of infection. Collaboration was implemented among the members of

the CLTA. Lung recovery teams and transplantation teams participated in

the online discussion and shared the donor’s medical information with

continuous updates. Inter-city quarantine policies were considered before

scheduling procured lung transportation. If long-distance transportation

was anticipated, staff from the procurement team transported the organ

preservation containers to the airport in the receiving city. The donated

grafts were handed over to receiving staff at the airport, and the transport-

ing staff returned directly to their resident city on the next outbound flight.

During the COVID-19 pandemic, some of the transplant teammembers,

who were also proficient with critical care or extracorporeal membrane

oxygenation (ECMO) maintenance, were called to support designated hos-

pitals inWuhan and served as auxiliarymedical teams inWuhan. Centers in

other cities were designated as COVID-19 hospitals, and medical resources

were reallocated per local government policies. Therefore, key personnel

and medical resources from various transplant centers were diverted to
rdiovascular Surgery c Volume 163, Number 1 327
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Wuhan and patients with COVID-19, which imposed a strain on the staff of

individual centers in the capacity to offer LTx services. At the onset of the

expected surge of COVID-19 cases, all elective lung surgeries were tempo-

rarily canceled inWuxi People’s Hospital, which hosts the largest LTx pro-

gram in China6 but was designated for the care of patients with COVID-19.

Candidates waiting in Wuxi center were transferred to Hangzhou center

(located �200 km away) if their conditions allowed them to tolerate trans-

portation in an effort to protect immunosuppressed and vulnerable patients

from the risk of developing COVID-19. Transplant physicians and surgeons

jointly cared for patients with experienced transplant critical care staff.

In addition, the Wuxi team prepared another transplant center called

“Wuxi Communicable Diseases Hospital” with full transplant equip-

ment and isolation facilities to receive patients post–COVID-19 for

LTx (Table E1). The transfer plans were prepared according to the trans-

plant center’s capacity, candidates’ locations, regional risk of infection,

and medical insurance policies.

Variables
In general, the registry collected pretransplant baseline data, post-

transplant data at hospital discharge, and annual follow-up data. Baseline

data included the date of transplantation, age at transplantation, gender,

body mass index (BMI), blood type, and the primary diagnostic indication

for LTx. Donor characteristics, including age, BMI, blood type, donation

type, size match, the fraction of inspired oxygen, and ventilation time,

were collected.

Perioperative and postoperative factors, such as mechanical ventilator

(MV) or ECMO use before and after transplantation, intensive care unit

(ICU) duration, and hospitalization duration, were analyzed. The registry

received survival data from participating sites and collectives. Patient status

(including living, dead, and lost to follow-up) was recorded. Follow-up

data were collected through July 31, 2020, with censoring at the last known

follow-up before this date. As we intended to determine the feasibility of

LTx during the COVID-19 pandemic, we collected data pertaining to
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confirmed cases in cities where donation occurred and key events that

might affect the national organ donation and transplantation workflow.

Statistics
Demographic data related to donors, recipients, and transplants were

presented as numbers and percentages for categorical variables. Contin-

uous variables were expressed as the mean� standard deviation if they ex-

hibited a normal distribution or the median (interquartile range) if they

displayed a skewed distribution. Continuous and categorical variables

were compared using the Student t test or the Mann–Whitney U test, chi-

square, or Fisher exact test as appropriate. Data calculations and compari-

sons were performed using SPSS version 25 (SPSS Inc, Chicago, Ill) and

GraphPad Prism 7 software (GraphPad Software Inc, La Jolla, Calif).

Kaplan–Meier plots with calculations were used to assess survival. STATA

version 16.0 (StataCorp LP, College Station, Tex) was used to generate

Kaplan–Meier plots. A P value less than .05 was considered significant.
RESULTS
Lung Donation and Transportation

Twenty-five donated lungs were obtained after brain
death of the donors in 2020 cohort. No history of epidemio-
logic exposure to SARS-Cov-2 was identified in any of the
donors. All donors had normal body temperatures over the
previous 30 days and normal chest imaging results. Before
a donation was accepted, the donor was required to have
had at least 2 consecutive negative nasopharyngeal swab nu-
cleic acid test (NAT) results (at least 1 day apart) for SARS-
CoV-2.

The donor/recipient screening and triage workflow are
illustrated in Figure 1. The deceased donor program was
ched
Listed Candidates

Stable or need urgent service?

Urgent Stable

Delayed LTx
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osed to a patient with
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TABLE 1. Donor characteristics and donated lung transportation

January 23 to March 23, 2019 January 23 to March 23, 2020 P value

Transportation via GCHOT* (%) 19 (33.9) 15 (60)

Median transportation distance (km) 300 [IQR, 30-1350] 725 [IQR, 20-1200] .827

Donated graft transportation time (h) 3.2 � 1.8 3.3 � 1.7 .772

Donor age (y) 35.6 � 13.6 39.1 � 13.7 .455

Donor on ventilator (d) 7.5 � 9.1 7.4 � 9.6 .984

Donor type (%)

DBD 54 (96.4) 25 (100)

DBCD 2 (3.6)

GCHOT, Green Channel of Human Organ Transportation; DBD, donation after brain death; DBCD, donation after brain and cardiac death. *GCHOTwas activated when long-

distance organ transportation was needed, including connection of high-speed train and commercial flight or commercial flight and highway.
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suspended in Wuhan, and no donations were accepted from
Wuhan in this period. Fifteen (15/25, 60%) donated organs
were transported on high-speed trains and commercial
flights or highways and commercial flights (Table 1)
compared with 33.9% (19/56) in the 2019 cohort.
Donations were handed over at the airport in 40% of cases
(10/25) in the 2020 cohort. No donations were handed over
at the airport in the 2019 cohort. Transferred LTx cases were
recorded for 17.9% of patients (5 cases, from Wuxi to
Hangzhou). No transferred cases were recorded in the
same period of 2019. Transfers occurred between
neighboring qualified LTx centers that were also CLTA
members, facilitating team collaborations and reducing
candidates’ waiting time. All patients were transferred
without complications or illness exacerbation. The
principle of allocating organs to the nearest recipient was
still followed. To date, SARS-CoV-2 infection has not
been reported in any medical staff involved in the organ
donation and transportation process. No significant
differences in other donor characteristics were observed
between the 2 groups.
Recipients
In the 2020 cohort, 28 LTx operations were performed,

including LTx for 5 patients with acute respiratory distress
syndrome due to COVID-19–related pulmonary fibrosis.
Twenty-one men (75%) and 7 women (25%) received
transplants, and the average age was 56.6 � 15.4 years
(Table 2). The recipients were admitted to 8 centers distrib-
uted in 7 cities. In the 2019 cohort, 60 LTx surgeries were
performed in 11 centers.

Three high-volume (>30 transplants per year) centers
performed 11 LTx operations (39.3%) in 2020, reflecting
a change from the 75% of LTx cases performed by those
centers during the same period in 2019 (Figure E2). Howev-
er, no significant differences in gender, age, or BMI distri-
butions were identified between the 2 years. Patients with
idiopathic pulmonary fibrosis accounted for the highest per-
centage of patients on the waiting list for LTx (33.3% in
2019 vs 35.7% in 2020).
The Journal of Thoracic and Ca
Compared with the 2019 cohort, the 2020 cohort had a
significantly shortened median time from admission to LTx
(5 days in 2020 vs 10 days in 2019, P¼ .012), and these pa-
tients had a higher pulmonary artery pressure (P¼ .014) and
a lower partial pressure of oxygen/fraction of inspired oxy-
gen (P ¼ .025) before LTx. Seven LTx recipients (25%) in
the 2020 cohort received ECMO and mechanical ventilation
(MV) support beforeLTx, including 5 patients post–COVID-
19. No differences in the number of infection events, the
lymphocyte counts, and the levels of inflammatory markers
were observed between the 2 groups. Short-term survivals
were comparable (Figure 2).
In addition to the 5 transplant recipients post–COVID-

19, another 9 patients with critical end-stage COVID-19
were also referred to the CLTA committee and National
Lung Transplantation Expert Group for COVID-19 for ur-
gent LTx evaluations. Details of the patients’ clinical char-
acteristics and preoperative computed tomography images
(if available) are shown in Table E2 and Figure E3. Three
of the 9 patients (33.3%) survived after weaning from
ECMO and MV support without transplantation. The other
patients who did not receive a transplant (66.7%) had un-
controllable sepsis, and death could not be avoided.
During the COVID-19 pandemic, we performed transplan-
tation in patients post–COVID-19 supported by ECMO
within a shorter time (no LTx vs LTx, median time from
ECMO to LTx assessment, 57.5 vs 10 days, P ¼ .00),
approximately 1 month after a confirmed diagnosis of
COVID-19.
Post–Lung Transplant Surveillance
Excluding the aforementioned post–COVID-19 LTx re-

cipients, none of the other recipients had epidemiologic
exposure to COVID-19. All of these recipients had 2
consecutive negative nasopharyngeal swab results (at least
1 day apart) before they were added to the recipient list.
The 5 patients post–COVID-19 were consecutively tested
for SARS-CoV-2 using multiple types of specimens,
including nasopharyngeal swab, anal swabs, and bronchoal-
veolar lavage fluid.
rdiovascular Surgery c Volume 163, Number 1 329



TABLE 2. Characteristics of lung transplant recipients in the same period of 2019 and 2020

January 23 to March 23, 2019 January 23 to March 23, 2020 P value

Transplant volume 60 28

Transplant centers 11 8

Age (y) 56.3 � 13.3 56.6 � 15.4 .933

Median admission to LT (d) 10 [IQR, 1-22] 5 [IQR, 1-25] .012

Male: Female (male %) 52/8 (86.7) 21/7 (75) .225

BMI (kg/m2) 19.9 � 3.4 21.2 � 4.3 .157

Main diagnosis

ARDS* (%) 0 1 (3.6)

COVID-19 (%) - 5 (17.8)

IPF (%) 20 (33.3) 10 (35.7)

ILD non-IPF (%) 11 (18.3) 2 (7.2)

IPAH (%) 2 (3.4) 2 (7.2)

COPD (%) 17 (28.3) 6 (21.4)

Pneumoconiosis (%) 5 (8.3) 1 (3.6)

Cystic fibrosis (%) 0 1 (3.6)

Bronchiectasis (%) 3 (5) 0

LAM (%) 1 (1.7) 0

Non-IPAH (%) 1 (1.7) 0

Pre-LTx status

Admitted in general ward (%) 46 (76.7) 14 (50) .016

Admitted in ICU (%) 14 (23.3) 14 (50)

Pretransplant MV (%) 9 (15) 8 (28.6) .154

ECMO þ MV (%) 6 (10) 7 (25) .104

Mean PAP (mm Hg) 23.2 � 9.4 39.1 � 18.8 .014

Ejection fraction (%) 65.7 � 6.2 66.4 � 14.4 .832

Creatinine (mmol/L) 63.90 � 35.5 61.1 � 13.7 .612

Total bilirubin (mmol/L) 19.9 � 60.6 17.5 � 27.7 .865

ALT (U/L) 34.8 � 53.7 30.2 � 27.4 .723

PaO2/FiO2 before LTx (mm Hg) 263.9 � 105.2 189.8 � 108.9 .025

Bold indicates statistical significance (P<.05). LT, Lung transplantation; IQR, interquartile range; BMI, body mass index;ARDS, acute respiratory distress syndrome;COVID-19,

Coronavirus Disease 2019; IPF, idiopathic pulmonary fibrosis; ILD, interstitial lung diseases; IPAH, idiopathic pulmonary artery hypertension; COPD, chronic obstructive pul-

monary disease; LAM, lymphangioleiomyomatosis; LTx, lung transplantation; ICU, intensive care unit; MV, mechanical ventilation; ECMO, extracorporeal membrane oxygen-

ation; PAP, pulmonary artery pressure; ALT, alanine aminotransferase; PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen. *Acute respiratory distress syndrome

due to non–COVID-19 viral pneumonia.
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Among the recipients who received transplantation in the
2020 cohort, 27 patients survived after LTx, and the 30-day
survival was 89.3% (Table 3). Patient 1, who was the first
LTx recipient post–COVID-19, died of uncontrolled
bleeding during the procedure. The cause of death for the
other patient (patient 5) was severe sepsis. The characteris-
tics of the other patients post–COVID-19 are shown in
Table 4. The patients were supported by MV and ECMO
(at a median time of 13 days). ECMO was weaned shortly
after LTx in the 4 surviving recipients.

Considering the severely impaired immune function of
these recipients before LTx, 2 immunosuppressant treat-
ment strategies were considered at the Wuxi Center and
Hangzhou Center. Prescriptions were initiated with a lower
dose than routinely required, and drug doses were adjusted
330 The Journal of Thoracic and Cardiovascular Surg
according to lymphocyte counts and drug plasma concen-
trations. One recipient treated at the Hangzhou Center pre-
sented with acute rejection, and a higher dose of steroid was
included as part of the treatment strategy.7 Maintenance
therapy, including tacrolimus-based and cyclosporine
A–based regimens, was initiated at a lower dose and
adjusted gradually. During the first month post-LTx, the
plasma concentration of tacrolimus was maintained within
6 to 7 mg/L (mean lymphocyte count 0.55 3 109/L). In
the cyclosporine A–based regimen, trough levels (C0) of
cyclosporine A were maintained at an average of 30 mg/L,
and levels at 2 hours postdose (C2) fluctuated within
100 mg/L (mean lymphocyte count 0.30 3 109/L).

The post-LTx courses and events of the patients post–
COVID-19 did not deviate from the general cohort.
ery c January 2022
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However, all of these patients had extremely low muscle
strength due to prolonged intubation with sedation.
Therefore, progressive rehabilitation training was war-
ranted, including active mobilization (eg, a bed bicycle),
swallowing, breathing exercises, secretion clearance, and
posture improvement. Balancing activities, building up-
per- and lower-extremity range of motion, and active
coughing were encouraged. Upon this writing, all the
other post–COVID-19 recipients have survived post-
LTx for 3 months with a lymphocyte count level of
approximately 0.8�1.0 3 109/L. The 1-year survival
conditional upon discharge for the 2019 cohort was
90.7%, and the 3-month survival post-LTx for the 2020
cohort was 85.7%.

DISCUSSION
During the COVID-19 pandemic, global recommenda-

tions regarding organ donation and transplantation have
been released.8-10 NATs for SARS-CoV-2 in bronchoalveo-
lar lavage fluid were mandated for screening tissues from
deceased donors to ensure the absence of SARS-CoV-2
infection.11 Interim precautions, including the screening
of care providers and family members who accompanied
recipients, were also warranted (Table E3). Personnel
involved in donor maintenance, transplant coordinators,
personnel certified to make brain death determinations,
and Red Cross staff were screened in accordance with na-
tional guidelines.12 As shown in Figure 3, 80% of donation
procedures were performed after February 15, when most
cities in China had a continuously decreasing trend of
existing confirmed COVID-19 cases, and LTx activities
The Journal of Thoracic and Ca
resumed. With prevention measures, the organ recovery
teams and patients transferred to qualified centers were
separated from patients with confirmed or suspected
COVID-19 to guarantee that LTx proceeded smoothly.
Especially for patients with critical end-stage COVID-

19, additional screening considerations and principles
were applied when they were referred for assessment,
were listed, and received LTx. Upon the decision for LTx
referral, the patients had refractory respiratory failure
dependent on MV/circulation support for at least 1 month
without severe hepatorenal or heart failure, and multiple
samples negative for SARS-CoV-2 on at least 2 consecutive
occasions, with immunoglobulin (Ig)M(-), IgG(þ), or IgG(-).
In the 5 transplant recipients post–COVID-19, LTx was
considered within 3 weeks of ECMO initiation because
guidelines recommended that 21-day ECMO support without
lung recoverymight be futile.13 However, aswe learnedmore
about COVID-19 and observed more patients weaning off of
ECMO support after more than 3 weeks, the best time for
consideration of LTx should be further explored while
following up all these recipients. Continuous renal replace-
ment therapy was used more frequently in LTx recipients
for nonrenal indications during LTx to remove inflammatory
mediators.14 All of the referred patients had extremely high
lung allocation scores, revealing a “ceiling” effect of lung
allocation scores in capturing high-risk features to stratify ur-
gent listed patients with a high mortality rate related to
COVID-19.15,16 Higher Sequential Organ Failure Assess-
ment scores were also observed in transplant recipients
(Table E2). Sequential Organ Failure Assessment scores
changed substantially 1 week post-LTx, which indicates a
rdiovascular Surgery c Volume 163, Number 1 331
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reduced risk of mortality.17 We would recommend LTx be
considered for these patients on the basis of organ function,
disease course, immune status, and experience of the medical
team.

For post-LTx management, we recommended the use of
conventional immunosuppressant drugs based on institutional
protocols for patients without COVID-19. Earlier initiation of
post-LTx rehabilitation and a reduced ICU stay with addi-
tional psychological support considerably improved patients’
confidence in their survival.We ascribed the relatively shorter
ICU stay of the urgent transplant recipients to the reduced
332 The Journal of Thoracic and Cardiovascular Surg
case load in the ICU, where only patients without COVID-
19were admitted. After weaning fromECMO and intubation,
these patients were transferred to single rooms for further
treatment.

Because we had taken measures to prevent SARS-CoV-2
infections in non–COVID-19 post-LTx recipients, proced-
ures, such as bronchoscopies, were performed under routine
protective conditions. Close cooperation with other depart-
ments (eg, radiology) enabled us to prepare single examina-
tion units for the recipients. More important, psychologic
support and consultations for all medical staff and
ery c January 2022
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TABLE 3. Characteristics of grafts and recipients’ outcomes

January 23 to March 23, 2019 January 23 to March 23, 2020 P value

Cold ischemic time (h) 7.6 � 2.1 7.1 � 1.5 .480

Duration of surgery (h) 5.4 � 2.9 5.4 � 2.1 .905

Transplantation type

Bilateral (%) 28 (46.7) 17 (60.7) .257

Single* (%) 32 (53.3) 11 (39.3)

ICU stay (d) 11.9 � 14.8 7.8 � 2.3

(Excluded post–COVID-19)

.043

PGD T72h (grade �2) 19 (31.7) 8 (28.6) .810

In-hospital infection episodes (%) 45 (75) 12 (42.8) .004

30-d survival (%) 48 (80) 25 (89.3)

90-d survival (%) 43 (71.7) 24 (85.7)

Bold indicates statistical significance (P<.05). ICU, Intensive care unit; COVID-19, Coronavirus Disease 2019; PGD, primary graft dysfunction. *One pair of donated lungs

could be unilaterally transplanted in 2 recipients admitted in the same center or city. In 2019 cohort, 4 donated lungs shared by 8 recipients with SLTs; in 2020 cohort, 3 donated

lungs shared by 6 recipients with SLTs.
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recipients were provided during the COVID-19 crisis. Most
centers imposed a no-visitor policy during the COVID-19
pandemic, but video communication and interactions with
families were encouraged for patients admitted to isolation
wards. Because of citywide containment measures during
the COVID-19 pandemic, recipients were admitted to single
rooms for prolonged periods after discharge from the ICU.
Evidence from our transplant recipients did not reveal a
higher risk of SARS-CoV-2 infection at 5 months after
transplantation. Post-LTx infection control was always a
big challenge in the 30-day survival of Chinese recipients,
and a lower nosocomial infection rate was achieved in the
2020 cohort, which was a significant decrease (P ¼ .004)
TABLE 4. Post–lung transplant outcomes of patients with acute respir

pulmonary fibrosis

Patient 1 Patient 2

Transplantation center Shenzhen* Wuxi

From diagnosis to LTx (d) 35 33

From virus clear to LTx (d) 12 9

From ECMOy to LTx (d) 15 7

ECMO weaning post-LTx - 37 h

Induction drugs - 500 mg MP

Maintenance drugs - Cyclosporine

Az þ steroids

WBC ( 3 109/L) POD 30 4.13

L ( 3 109/L) POD 30 - 0.23

CD4/CD8 POD 30 - 3.33

Rejection episode - No

Survival status Death POD 0 Survived

LTx, Lung transplantation; ECMO, extracorporeal membrane oxygenation;MP, methylpred

rejection. *LTx performed by teams fromWuxi and Guangzhou centers. yPreoperative veno
dose of 100 mg every 12 h and adjusted according to plasma concentration and lymphocy

tapered gradually. xInitial dose of 25 mg every 12 h and adjusted gradually; steroids inclu

The Journal of Thoracic and Ca
compared with 2019. Considering the dynamic status of
SARS-CoV-2 transmission in the long term, we suggest
the adoption of 2 strategies in advance to facilitate sched-
uled LTx procedures: The inter-center transfer of candidates
with a collaborative effort is necessary to avoid COVID-19
exposure in the designated center, and donated lungs trans-
ported over long distances are handed over at airports
without staff entering cities to avoid requiring quarantine.
Strategies based on multi-team collaboration are recom-
mended to guarantee the safety of recipients and post-LTx
outcomes.
Reports from heart transplant recipients showed that

COVID-19 infections in these patients had a milder
atory distress syndrome due to Coronavirus Disease 2019–related

Patient 3 Patient 4 Patient 5

Hangzhou Hangzhou Wuxi

29 35 37

8 20 16

13 11 19

5 d 2 d 40 h

500 mg MP 3 3 d 500 mg MP 3 3 d 500 mg MP

Tacrolimus 1

mg every 12 h

Tacrolimus 1

mg every 12 h

Cyclosporine

Ax þ steroids

2.6 3.8 5.14

0.65 0.38 0.19

2.25 0.69 1.24

AR post-LTx 40 h No No

Survived Survived Death POD 71

nisolone;WBC, white blood cell; POD, postoperative day; L, lymphocyte; AR, acute

-arteriovenous ECMO for patient 1 and veno-venous ECMO for patients 2 to 5. zInitial
te count; steroids included MP 30 mg 3 3 d, were changed to prednisone 30 mg, and

ded MP 30 mg 3 3 d, were changed to prednisone 30 mg, and tapered gradually.
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course, possibly due to the concomitant use of immuno-
modulatory drugs.18 This finding further enhances our
confidence in excluding possible subclinical cases of
COVID-19 when interpreting lymphopenia due to the ef-
fects of immunosuppressant therapy. During the routine
follow-up visits of LTx recipients at the Wuxi Center, no
cases of COVID-19 were reported to the center or during
telemedicine-based consultations. However, the dose of
immunosuppressant for post–COVID-19 LTx recipients
should be modified on a case-by-case basis because of se-
vere lymphopenia before transplantation.19 Critical pa-
tients with COVID-19 presented with cytokine release
syndrome as a signature of immune function impair-
ment.20 Although intensive life-support facilities were
available for patients with negative NAT and positive
serum SARS-CoV-2 IgG results, death was unavoidable
in some patients unless urgent LTx was performed.21 All
of the patients post–COVID-19 in our study received
convalescent serum before transplantation, but none
showed a sensitized status before transplantation. Cyclo-
sporine A inhibited diverse coronaviruses, and it was
safely administered to other transplant recipients.22 Tacro-
limus was also safely used in the other regimen adopted at
the Hangzhou Center. Close monitoring of the plasma con-
centration and lymphocyte, CD4þ, and CD8þ T-cell
counts is particularly important.

There are more research results published on the fibrosis-
promoting environment observed in patients with severe
COVID-19 from single-cell analysis23 and immune distur-
bance involving mechanisms, such as T-cell exhaustion dur-
ing COVID-19 progression.24 Our data also verified that the
death rate for critically ill patients with severe COVID-19
may be extremely high if they did not receive a transplant.
Our transplant recipients post–COVID-19 exhibited a
normalized level of interleukin-6 and restored CD4þ/
CD8þ populations on immunosuppressants. The patient
who died post-LTx at postoperative day 71 suggested that
precise monitoring of immune status and drug modification
still require improvement. We need to gain more experience
and knowledge from the long-term follow-up of the surviv-
ing patients.

Study Limitations
The limitations of this study should be considered

when interpreting the data given the retrospective nature
of the analysis. The baseline characteristics of the pa-
tients varied with respect to underlying comorbidities,
especially in critical patients with COVID-19.
Confounder effects should be considered when deter-
mining the survival outcomes of LTx recipients between
cohorts, which may require further investigation. We
compared data from only 2 years because a renewed
lung donation, transportation, and transplantation collab-
oration system has been established since September
334 The Journal of Thoracic and Cardiovascular Surg
2018 in China. We still need more data to demonstrate
whether this system can operate during health crisis
events, such as COVID-19, which may have an enormous
impact on health systems in the entire nation. The
uniqueness of the lung donation and allocation system
in China and the Green Channel for lung transportation
may differ from the systems in other countries. However,
even if a globally decreasing trend of the COVID-19
pandemic is achieved and people face the “new normal”
post–COVID-19 pandemic era, a new paradigm for lung
donation and transportation should be considered to ac-
count for future uncertainty.

CONCLUSIONS
Our preliminary data described the feasibility and safety

of lung donation and transplantation during the COVID-19
pandemic. Our initial efforts serve as a basis for manage-
ment practices among transplant teams, thus safeguarding
vulnerable donors, recipients, and related medical staff. In
the context of the COVID-19 outbreak, the global commu-
nity should work together to save lives and benefit
patients.
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APPENDIX E1. INTRODUCTION OF CHINA LUNG
TRANSPLANTATION ALLIANCE–COORDINATED
LUNG DONATION AND TRANSPLANTATION
WORKFLOW

The following CLTA-coordinated workflow is estab-
lished: When a donated lung is registered in the national
allocation system, a listed candidate is matched to the
donated lung. After the lung is procured, staff from the
transplantation team of receiving centers or the LTx team
from other centers nearby (also a member of CLTA) help
transport the lungs to the receiving centers via the Green
Channel of Human Organ Transportation within the shortest
cold ischemic time. All of the LTx case data are submitted
to the China Lung Transplantation Registry, which includes
all the LTx institutions.

CLTA has been established since September 2018. The
working model for lung donation and transportation has
been changed. Under the supervision of the national alloca-
tion regulation agencies, LTx centers collaborate to make
the maximum use of donations. Long-distance (>300 km)
transported donations are increasing. Before September
2018, 2 days were needed to prepare the recovery staff,
confirm the routes, and bring the organs to the LTx centers
where recipients were located. However, under the CLTA
framework, all the teams use the uniform protocol of lung

recovery. When there is a donor, the recovery team in the
nearest center will respond and take the shortest route to
the donor location. When there was no COVID-19 in
2019, the recovery team sent the organ directly to the
receiving hospital and staffs met in the operation room.
During the COVID-19 outbreak in 2020, the recovery
team met the receiving staffs at the airport of the city where
donors were located and handed over the donated lungs.
There was no need for both teams to enter the city, avoiding
the quarantine of the staff. The transportation time of the or-
gan was not prolonged during the COVID-19 pandemic.

The Green Channel of Human Organ Transportation in
China not only provides a fast track for security check of or-
gans and staff but also works as a seamless connection
of high-speed trains, commercial flights, and highways.
Different combinations of transportation routes are chosen
on the basis of the principle of shortest ischemic time of
the organ. In the COVID-19 outbreak, there were multiple
health checks at the entrance and exit of the cities; staff
with donated organs had priority for boarding with guaran-
teed flight times with the approval in advance and filing
from Green Channel of Human Organ Transportation. The
transporting staff directly returned to their resident city on
the next outbound flight; the process was coordinated by
the Green Channel and airports/high-speed train stations.
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Transla�onal version 
China Organ Transplant Response System

Confirm of Receiving Donated Organs

Receiving transplant center:          

Contact Tel:             Official email:

Person in charge of the transplant center

Contact Tel: Email:

This is to cer�fy that ______ (Receiving center name) has received a donated lung from  ______ 
(Donated center name) on ______ (Date and �me). This organ has been matched and allocated 
through China Organ Transplant Response System. Blood type ______ (Alloca�on number). This 
organ has been allocated to ______(Recipient’s name) on the wai�ng list, and will obey the 
following rules:

1. Fully conduct the Regula�ons on Human Organ Transplanta�on (Decree of No. 491 of the State 
Council) and related regula�ons and files, as well as the alloca�on policy;

2. If under any circumstance, such that the organ will be not transplanted to the nominated 
recipient on the wai�ng list, a no�fica�on should be sent to the organ procurement organiza�on 
and realloca�on procedure will be ini�ated;

3. The recipient’s informa�on will be removed from wai�ng list within 72h post-transplanta�on. 
Required informa�on from medical record and post-transplanta�on course will be submi�ed to 
organ procurement organiza�on within commitment �me. 

Receiving transplant center (Signature) 

Donation center: (Barcode for identification)

Contact: 

Tel: 

Email: 

FIGURE E1. Each transplant surgery was consented by qualified LTx centers. The listed patient’s information was included in the Chinese Lung Trans-

plant Registry system (http://www.cotr.cn/jsp/login/uLogin.jsp) and received final approval by the National Transplant Medical Review Board (Chinese

Lung Transplantation Society and Transplantation Data Management & Quality Control Center).
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FIGURE E2. Comparison of LTx case volume within the same period of 2019 and 2020.
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TABLE E1. Center distribution of lung transplant recipients from January 23 to March 23, 2020

Transplant

volume City/province

If center is designated

for COVID-19

Risk

stratification*

Wuxi People’s Hospital/Wuxi communicable diseases hospital 4 Wuxi, Jiangsu Yes Medium

The First Affiliated Hospital of Guangzhou Medical University 6 Guangzhou, Guangdong Yes Medium

Sino-Japan Friendship Hospital 1 Beijing No Low

The First Affiliated Hospital of Zhengzhou University 4 Zhengzhou, Henan Yes Medium

The First Affiliated Hospital of Zhejiang University 3 Hangzhou, Zhejiang Yes Medium

The Second Affiliated Hospital of Zhejiang University 7 Hangzhou, Zhejiang No Low

Shanghai Pulmonary Hospital 1 Shanghai No Low

Sichuan People’s Hospital 2 Chengdu, Sichuan Yes Medium

Low risk: reported COVID-19 cases in local area, no direct contact with the hospital staffs and patients. Medium risk: COVID-19 cases admitted within 14 days, direct contact

with the hospital staffs and patients. High risk: Hospital staff or patients admitted were infected by COVID-19 contact. COVID-19, Coronavirus Disease 2019. *Risk stratification

and the center were evaluated upon transplantation performed.

FIGUREE3. Patients post–COVID-19 whowere referred for LTx assessment with computed tomography when available. Patients 1 to 4 were 4 of 5 trans-

plant recipients who had computed tomography preoperatively. Patients 6 to 11 were 6 of 9 referred patients but did not receive transplant with available

computed tomography images.
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TABLE E2. Characteristics of patients post–Coronavirus Disease 2019 referred for lung transplantation who received and did not receive lung

transplantation

Characteristics Nontransplant candidates (N ¼ 9) LTx recipients (N ¼ 5) P value

Residency

Hubei Province* (%) 3 (33.3) 0 .26

Outside Hubei Province (%) 6 (66.7) 5 (100)

Male (%) 7 (77.8) 4 (80) 1.00

Age (y, Median [IQR]) 53.7 � 13.6 66.6 � 5.6 .07

BMI (kg/m2, Mean � SD) 26.8 � 2.4 25.5 � 3.7 .59

Have underlying diseases

Hypertension 2 2

Hyperthyroidism 1 0

Diabetes mellitus 0 2

Chronic liver diseases 0 1

Psoriasis 0 1

MV (%) 8 (88.9) 5 (100) 1.00

Initial ECMO support (%) 9 (100) 5 (100) 1.00

Veno-venous (%) 7 (77.8) 4 (80)

Veno-arteriovenous (%) 1 (11.1) 1 (20)

Veno-arterial (%) 1 (11.1)

Continuous renal replacement therapy (%) 5 (55.6) 5 (100) .22

Tracheotomy (%) 4 (44.5) 4 (80) .30

Convalescent plasma infusion (%) 2 (22.2) 3 (60) .27

Symptom onset to admission (median [IQR], d) 4 [2-10] 7 [4-7] .69

Admission to MV (Median [IQR], d) 6.5 [4-10.5] 8 [2.75-9.5] .93

MV to ECMO support (Median [IQR], d) 2 [1.5-5] 13 [13-15] .07

ECMO to LTx assessment (Median [IQR], d) 57.5 [46-62.25] 10 [8-10] .00

Admission to virus clear (Median [IQR], d) 22 [20.5-46.5] 21 [21-23] .26

Admission to LTx assessment (Median [IQR], d) 65 [58-71] 31 [31-32] .00

PaCO2 before ECMO (mm Hg) 46.7 � 11.7 53.6 � 9.6 .41

EF (%, Mean � SD) 54.4 � 4.5 52 � 14.3 .76

Mean PAP (mm Hg, Mean � SD) 36.3 � 2.6 46.7 � 4.9 .06

Lymphocytes (*109/L, Mean � SD) 1.11 � 0.6 0.57 � 0.1 .16

Hemoglobin (g/L, Mean � SD) 94 � 14.1 90.3 � 2.2. .65

Platelets (*109/L, Mean � SD) 112.8 � 70.5 118.3 � 77.7 .93

D-Dimer (mg/L, Mean � SD) 7.4 � 6.3 15.4 � 3.4 .09

APTT (s, Mean � SD) 42.5 � 14.1 37.1 � 3.4 .59

Creatinine (mmoI/L, Mean � SD) 58.7 � 20.7 83.2 � 35.3 .29

CRP (mg/L, Mean � SD) 149.9 � 66.3 114.8 � 57.4 .49

Procalcitonin (ng/mL, Mean � SD) 0.75 � 0.6 1.1 � 0.6 .50

LAS score 82.7 [63.3-84.2] 80.9 [64.2- 82.3] .65

SOFA score 13 [12-13] 15.5 [14.75-16.5] .00

SOFA score post-LTx 7 d 4 [3.5-4.5]

Survival without LTx (%) 3 (33.3)

Post-LTx 30 d survival (%) 4 (80)

Bold indicates statistical significance (P<.05). LTx, Lung transplantation; IQR, interquartile range; BMI, body mass index; SD, standard deviation;MV, mechanical ventilation;

ECMO, extracorporeal membrane oxygenation; EF, ejection fraction; PAP, pulmonary artery pressure; APTT, activated partial thromboplastin time;CRP, C-reactive protein; LAS,

Lung Allocation Score; SOFA, Sequential Organ Failure Assessment. *Wuhan is in Hubei Province, where a large number of COVID-19 cases were located, and lockdown mea-

sures were adopted during the COVID-19 pandemic.
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TABLE E3. Approaches for lung donation and transplantation during Coronavirus Disease 2019 pandemic

1. Potential donor in the donation center

1.1 Precondition for donation

, No confirmed case in the past 14 d if they are in high-risk regions

, Have collaboration with a regional center for contagious diseases with regard to laboratory tests and preventive measures

, Prepare an isolated single medical unit for organ donation, separated from families

1.2 Donor assessment

, Meet all the conventional requirements of organ donation

, Not exposed to a patient with confirmed or suspected COVID-19 within 14 d

, No clinical manifestations of COVID-19

, Should have at least 2 negative results obtained from consecutive testing of nasopharyngeal swab specimens by NAT for SARS-CoV-2

, No signs of pneumonia on CT

1.3 Donor maintenance

, Remain in a single medical unit with no confirmed or suspected cases nearby

, Dedicated medical staff responsible for routine care

, Perform disinfection daily in the ward and after each case

1.4 Family members/close contacts

, No history of travel to affected regions/contact with affected individuals

, No clinical or chest imaging manifestations of COVID-19

, If suspected to be infected, a nasopharyngeal sample test for SARS-CoV-2 by NAT performed

, Wear masks, adhere to hand hygiene recommendations, and cooperate with dynamic surveillance for SARS-CoV-2

1.5 Logistic management

, Establish a telemedicine-based consultation platform for donation logistics coordination

, Local recovery and procure team for seamless transportation to the recipient’s hospital

2. Recipients on the waiting list

2.1 Precondition for transplantation

, Not exposed to a patient with confirmed or suspected COVID-19 within 14 d

, No clinical manifestations of COVID-19

, Should have at least 2 negative results obtained from consecutive testing of nasopharyngeal swab specimens by NAT for SARS-CoV-2

, No signs of pneumonia on CT

, If necessary, transferred via private transportation to the nearest center of excellence

2.2 Admitted for transplantation surgery

2.2.1 Physical preparedness

, Admitted in a single medical unit with no confirmed or suspected cases nearby

, Admitted in rooms with adequate disinfection and air circulation

, Dedicated medical staff responsible for routine care

, Confirm low levels of inflammatory markers and no signs of rapid progression on CT related to COVID-19 infection

, Determine if the estimated transfusion volume exceeds the amount available in the blood bank

, Be educated regarding prevention measures, in cooperation with their families

, Adhere to hand hygiene standards, and cooperate with dynamic surveillance for SARS-CoV-2

, Receive adequate nutritional support and pulmonary rehabilitation

2.2.2 Psychological preparedness

, Fully consent to transplantation after being informed about the risk of SAR-CoV-2 infection in the perioperative period

, Undergo psychological counseling to reduce stress and anxiety

2.3 Family members/close contacts

, No history of travel to affected regions/contact with affected individuals

, No clinical or chest imaging manifestations of COVID-19

, If suspected to be infected, a nasopharyngeal sample test for SARS-CoV-2 by NAT performed

, Wear masks, adhere to hand hygiene recommendations, and cooperate with dynamic surveillance for SARS-CoV-2

, Be informed of their legal responsibility if they deliberately falsely deny any contact history and should sign the appropriate forms

3. Lung donation commissioning

3.1 Procurement team preparedness

, Not exposed to a patient with confirmed or suspected COVID-19 within 14 d

, Trained in self-protective measures against COVID-19

, Updated personal health status and perform contact tracing, with the results reported to the department of hospital infection control

3.2 Lung procurement

, Take proper protective measures according to the protection level of the donation center

(Continued)
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TABLE E3. Continued

, Avoid entering emergency department, ICU, and COVID-19 isolation and observation ward

, Wear surgical masks and adhere to appropriate hand hygiene standards when communicating with the family members of decedents

, Sterilize the medical facilities after the procedure, packaging all disposables as biohazards

3.3 Keep receiving center updated

, Contact medical staff through voice and video communication instead of field inspection

3.4 On-route transportation

, Go through the “green channel” procedure with barcoded allocation identification

, Escort the donated organ in an adequately disinfected hospital ambulance

, Obtain approval for transportation in advance from security in airports

, If escorted by receiving center’s staff, the staff should not attend surgery avoiding unnecessary contact

4 Lung transplantation surgery

, Staff undergo training with regard to updated prevention strategies for COVID-19

, Staff update the department of hospital infection control daily with regard to their personal health condition

, Staff wear personal protective equipment according to the stratification of infection risk

, Staff use disposable medical resources to avoid cross-infection and disinfect nondisposable resources after each patient

5 Post-transplant care

5.1 Physical support

, Use respirators with filters and disposable valves

, No frequent ventilator tube changes to avoid aerosols

, Bronchoscopy with single-use materials to avoid cross-infection

, Receive appropriate sedatives when undergoing invasive ventilation

, Early mobilization and rehabilitation

, If manifesting a fever of unknown origin, tested for SARS-CoV-2 by NAT and IgM/IgG

, After discharge, undergo routine follow-up through telemedicine-based clinics

5.2 Psychological support

, Reduced access to information from mass media and participate in video communication with family

, Psychological counseling along with their family to reduce stress and anxiety

COVID-19, Coronavirus Disease 2019; NAT, nucleic acid test; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CT, computed tomography; ICU, intensive care

unit; Ig, immunoglobulin.
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