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ABSTRACT

We report an inspiring case of a 55-year-old Korean female diagnosed with coronavirus
disease 2019 (COVID-19)-associated acute respiratory distress syndrome (ARDS) in Mexico.
The patient was assessed for lung transplant as a salvage therapy for treatment-refractory
ARDS following no signs of clinical improvement for > 7 weeks, despite best treatment.

The patient was transported from Mexico to Korea by air ambulance under venovenous
extracorporeal membrane oxygenation (ECMO) support. She was successfully bridged

to lung transplant on day 88, 49 days after the initiation of ECMO support. ECMO was
successfully weaned at the end of operation, and no bleeding or primary graft dysfunction
was observed within the first 72 hours. The patient was liberated from mechanical ventilation
on postoperative day 9 and transferred to the general ward 5 days later. Despite the high
doses of immunosuppressants, there was no evidence of viral reactivation after transplant.
At 3 months post-transplantation, she was discharged to home without complication.

Our experience suggests that successful lung transplant for COVID-19-associated ARDS is
feasible even in a patient with prolonged pre-transplant ECMO support. Lung transplant
may be considered a salvage therapy for COVID-19-associated ARDS that does not respond to
conventional treatments.

Keywords: Acute respiratory distress syndrome; COVID-19; Extracorporeal membrane
oxygenation; Lung transplantation; Rehabilitation

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has affected tens of millions of people
worldwide. Although most patients have a favorable prognosis, COVID-19 causes acute
respiratory distress syndrome (ARDS), of which the mortality rate is as high as 60%.1
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Recently, lung transplant has been suggested as a salvage therapy for carefully selected
patients with ARDS who do not respond to conventional treatments.2 However, there

is limited experience in lung transplant for COVID-19-associated ARDS and, thus, lung
transplant feasibility and perioperative considerations are uncertain in these patients.
Herein, we report an inspiring case of successful double-lung transplant in a patient with
treatment-refractory COVID-19-associated ARDS.

CASE DESCRIPTION

A previously healthy 55-year-old Korean female was diagnosed with COVID-19 in Mexico.
She complained of fever and cough for 2 days, and the diagnosis was confirmed on the

day of hospital admission (day 1) by real-time polymerase chain reaction (RT-PCR) test

(Fig. 1). Despite medical treatments including antibiotics, dexamethasone, and oxygen
supplement, COVID-19-associated ARDS developed and mechanical ventilation with prone
positioning was applied on day 4. (When the patient developed COVID-19, there were no
recommendations for Remdesivir, Tocilizumab, and Baricitinib and these medications were
not administered.) However, the patient's condition continued to decline, and venovenous
extracorporeal membrane oxygenation (ECMO) was initiated on day 39. She had been closely
observed for the possible recovery of ARDS, but there were no signs of clinical improvement
for more than 7 weeks. She was therefore recommended for lung transplant and was
transferred to our institution in Korea by air ambulance on day 55.

During the air transportation, the patient was supported with venovenous ECMO with
femoro-jugular configuration using the ultracompact Cardiohelp® system (Maquet
Cardiopulmonary AG, Hirrlingen, Germany). An intensivist, a critical care nurse, and

a perfusionist from the sending hospital, who have sufficient experience in managing
critically ill patients, participated in the transportation, which took more than 24 hours from
Mexico to Korea. The air ambulance was equipped with the devices needed to manage the
patient safely and adequately, including mechanical ventilation and ECMO. Since 2 months
had passed after the initial diagnosis of COVID-19 and the RT-PCR tests had repeatedly

Pre-transplant mechanical ventilation for 84 days

Pre-transplant V-V ECMO for 49 days

Day 39

Day 1 Day 88 Day 176

Day 102

Day 55 Day 65 Day 97

Transfer to Korea

Weaning from
mechanical ventilation

|
Lung transplantation
Weaning from ECMO

Discharge to
home

Transfer to ICU
Mechanical ventilation

Prone positioning
Admission to hospital Transfer to general ward

in Mexico

Regain of consciousness
Initiation of rehabilitation

Fig. 1. Timeline of the patient's clinical course.
Note that prolonged pre-transplant mechanical ventilation for 84 days and V-V ECMO for 49 days.
ICU = intensive care unit, V-V ECMO = venovenous extracorporeal membrane oxygenation.
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revealed negative results, the isolation and precaution procedure during transportation was
categorized as a “suspected case,” rather than a “confirmed case.”

At the time of admission to our intensive care unit (ICU), she was dependent on both
mechanical ventilation (mode, pressure control ventilation; fraction of inspired oxygen, 1.0;
positive end-expiratory pressure, 10 cmH,0; inspiratory pressure, 20 cmH,0; respiratory
rate, 16/min; inspiration time, 1.07 sec; and tidal volume 116 mL) and venovenous ECMO
with femoro-jugular configuration (blood flow 4.0 L/min and sweep gas flow 5 L/min).

The transthoracic echocardiography revealed a D-shaped left ventricle with decreased right
ventricular contractility causing hemodynamic instability. She initially required moderate
doses of vasopressors (norepinephrine, 0.3 mcg/kg/min; vasopressin, 0.02 unit/min;

and epinephrine, 0.04 mcg/kg/min), but they were tapered gradually and were stopped

3 days later with meticulous titration for mechanical ventilation and volume status. As

the hemodynamic status stabilized, the level of sedation was reduced, and she regained
consciousness on day 65. The patient was then rehabilitated according to the institution's
protocol. Although she had been sedated and bed-ridden for more than 2 months, she could
perform “sit to stand up training” at bedside after 3 weeks of rehabilitation (day 86).

The initial RT-PCR test in our institution revealed a positive result, but the cycle threshold
(Ct) value was as high as 35. Tests were then performed twice a week according to the
institution's protocol; it turned negative 6 days later (day 61) and had been remained in

that state thereafter. Despite the initial positive result at our institution, the isolation and
precaution policy was kept as a “suspected case” because the prolonged time from symptom
onset and the high Ct value suggested a high probability of no actual infectivity. Isolation was
lifted 10 days later when the RT-PCR tests revealed 2 consecutive negative results.

Meanwhile, she was assessed for lung transplant by an institutional multidisciplinary lung
transplant committee, including cardiothoracic surgeons, pulmonologists, intensivists,
infectious disease specialists, anesthesiologists, and radiologists. After a thorough review of
medical records, the committee judged that the patient was unlikely to recover and decided
to list her for lung transplant based on the following considerations: 1) despite the best
treatment for ARDS, there had been no clinical improvement for more than 2 months; 2)

the lung compliance was severely reduced for several weeks, suggesting end-stage fibrosis;
3) the radiologic images persistently showed parenchymal infiltrations and fibrotic changes
throughout the whole lung (Fig. 2); 4) the patient was young and there was no other organ
failure; 5) the patient was awakened and is physically capable of performing rehabilitation; 6)
there was no available treatment option other than lung transplant.

On day 88, 49 days after the initiation of ECMO support, donor lungs became available. Given
the negative RT-PCR tests for > 2 weeks, transplant was prepared according to the same
profile as patients without COVID-19. Sequential double-lung transplant was performed with
trans-sternal lateral anterior thoracotomy. There was a focal adhesion requiring adhesiolysis
on the left lung, but the pneumonectomy was successfully performed without complication.
The right lung was first anastomosed in order of bronchus, pulmonary vein, and pulmonary
artery. The left lung was then transplanted sequentially. The pre-transplant venovenous
ECMO was switched to central ECMO for hemodynamic support during transplant and was
successfully weaned at the end of operation. The total operation time was 491 minutes,
including 238 minutes of pump time. The cold and warm ischemic times for the right lung
were 136 and 63 minutes, respectively, and 245 and 74 minutes, respectively, for the left lung.
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Fig. 2. Radiological images and pathological finding of the lungs.

(A) Chest X-rays of the patient on day 87, a day before lung transplantation and (B) on day 175 (postoperative
day 87), a day before hospital discharge. (C) Chest computed tomography scan on day 70 and (D) on day 113
(postoperative day 25). (E) Microscopic image of hematoxylin and eosin staining of explanted lung.

The explanted lungs showed diffuse fibrotic and hemorrhagic changes with patchy areas of
gray-white consolidation. Under microscopic examination, they revealed marked infiltration
of inflammatory cells with bronchial epithelial damage and subepithelial fibroblastic
proliferation, indicating diffuse alveolar damage with end-stage fibrosis (Fig. 2).

Postoperative management was conducted at the medical ICU in line with the institution’s
protocol, which has been described in detail elsewhere.3 There were no bleeding
complications or primary graft dysfunction within 72 hours of transplant. RT-PCR tests
were regularly performed post-transplant to confirm the absence of viral reactivation that
can potentially arise from high doses of immunosuppressants, and they revealed negative
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results. Rehabilitation resumed, and the patient was able to stand up with assistance on
postoperative day 4. She was liberated from mechanical ventilation on the 9th postoperative
day and was transferred to the general ward 5 days later. At 3 months post-transplantation,
she was discharged to home without complication (Fig. 2).

DISCUSSION

This case report details a rare strategy for lung transplant in a patient with treatment-
refractory COVID-19-associated ARDS. Although lung transplant has been suggested as a
salvage therapy for carefully selected patients with ARDS,? there is limited experience on this
potentially life-saving procedure for COVID-19-associated ARDS. Our experience provides a
valuable confirmation that lung transplant is feasible and may be considered salvage therapy
in patients with treatment-refractory COVID-19-associated ARDS.

We faced several challenges when preparing this patient for lung transplant. Firstly, the
possibility of transporting a critically ill patient over such a long distance was uncertain. Several
studies had shown the feasibility of international air transportation with mechanical circulatory
support4; however, we could not find any reports on transportation with ECMO across
continents. To the best of our knowledge, this is the first report to demonstrate the feasibility of
inter-continent air transportation of a critically ill patient requiring ECMO support.

In addition, the composition of medical staffs and the devices used in this case may be of
reference in the future studies. In the Extracorporeal Life Support Organization (ELSO)
guidelines, the recommended transport team consists of a cannulating physician, a surgical
assistant, an ECMO physician, an ECMO specialist, and a transport nurse or respiratory
therapist. In addition, extra staffs may be required in the long-haul intercontinental
transport. However, it is also necessary to consider that there is not enough space within
the aircraft used for the transport. Therefore, the ECMO team, particularly participated in
the inter-continent air transport, should be formed with highly skilled professions to ensure
patient safety with minimal manpower. Furthermore, it cannot be emphasized enough that
it is important to assure that enough supplies, medications, oxygen, etc., are available for the
whole transport which may take more than 24 hours. The amount of oxygen brought should
cover for a significant time delay and increase in patient oxygen demand.

An additional challenge that we had faced in considering whether to perform lung transplant
for ARDS was assessing the potential for regeneration of the damaged lungs.2 Given the
potential for recovery of ARDS even after prolonged treatment,5 the candidate for lung
transplant should be carefully reviewed by the multidisciplinary committee.6 In addition,

a sufficient period of observation is required before the decision for lung transplant can

be made.? In the present case, we judged that the patient was unlikely to recover because
there had been no clinical improvement for > 2 months. However, it is widely uncertain

how long the patient should be observed before lung transplant for COVID-19-associated
ARDS. There are only 2 published reports regarding lung transplant for the disease.?8 In

a case reported by Lang from Austria, the patient was observed for 52 days before being
listed for lung transplant.? This is in line with the present case, in which the patient was
observed for > 2 months for the potential recovery of ARDS. However, in another case series,
including 2 patients from China, they were listed for lung transplant earlier, on day 27 and
33, respectively.8 Although it is difficult to define the optimal timing for lung transplant from
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these limited number of reports, it is noteworthy that the candidates were observed for a
minimum of 1 or 2 months before lung transplant for COVID-19-associated ARDS in all cases.

On the other hand, clinicians should be aware that the trade-off of prolonged pre-transplant
waiting may worsen post-transplant outcomes.? Since most candidates for lung transplant
are dependent on either mechanical ventilation, ECMO, or both, the prolonged pre-
transplant mechanical support may increase the risk of neuromuscular deconditioning,
which subsequently contributes to unfavorable clinical outcomes.10 For example, in a
report by Lang and colleagues, the patient was supported with pre-transplant mechanical
ventilation and venovenous ECMO for 51 and 45 days, respectively, and because of the severe
neuromuscular deconditioning, it took more than 2 months to transfer the patient to a
non-ICU setting after transplant.” On the contrary, in the present case, despite the longer
duration of pre-transplant support with mechanical ventilation for 84 days and venovenous
ECMO for 49 days, the patient was vigorously rehabilitated before and after transplant,
could be liberated from mechanical ventilation on postoperative day 9, and transferred

to the general ward on day 14. We believe that our strategy, which focuses on awakening
and rehabilitation during the perioperative period, provides valuable inspiration for the
prevention of neuromuscular deconditioning and the subsequent improvement of post-
transplant outcomes in patients with COVID-19-associated-ARDS.

Length of detection of COVID-19 and interpretation of the results was another important
consideration in patients with ARDS. Since corticosteroids are frequently administrated for
COVID-19-associated ARDS,!1 there is a concern that their administration may extend the
duration of viral detection.!2 In the present case, the viral nucleic acid was detected until 58
days after the initial diagnosis, comparable with the report by Lang that showed detection
up to 68 days.” However, in both reports, the Ct values in the late period were very high,
suggesting they might have been derived from residual nucleic acid segments, which do not
have actual infectivity.13 Moreover, Lang et al.” had confirmed that, despite the positive RT-
PCR test, there was no viable virus in Vero cell culture in the late period. Therefore, we agree
with the opinion that the patients with COVID-19-associated ARDS should not be excluded
from the lung transplant because of the positive RT-PCR test alone, particularly when the Ct
value is high and the time elapsed from the symptom onset is more than 1 month.

The final consideration was the possibility of viral reactivation after transplant, contributed
by the high doses of immunosuppressants. However, the RT-PCR tests were negative
throughout the postoperative period, suggesting once the virus is eradicated, it does not
seem to be reactivated even with high doses of immunosuppressants. However, this needs to
be confirmed in future studies.

In conclusion, our experience suggests that lung transplant is feasible in a patient with COVID-
19-associated ARDS and may be considered a salvage therapy when conventional treatments are
refractory. However, several concerns need to be addressed, and subsequent studies are required.

REFERENCES

1. YangX, YuY, Xu]J, Shu H, XiaJ, Liu H, et al. Clinical course and outcomes of critically ill patients with
SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet
Respir Med 2020;8(5):475-81.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.123 6/7


http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://doi.org/10.1016/S2213-2600(20)30079-5

Lung Transplant of COVID-19-associated ARDS

JKMS

https://jkms.org

2. Changy, Lee SO, Shim TS, Choi SH, Kim HR, Kim YH, et al. Lung transplantation as a therapeutic option
in acute respiratory distress syndrome. Transplantation 2018;102(5):829-37.
PUBMED | CROSSREF
3. YunJH, Lee SO, Jo KW, Choi SH, Lee J, Chae EJ, et al. Infections after lung transplantation: time of
occurrence, sites, and microbiologic etiologies. Korean | Intern Med 2015;30(4):506-14.
PUBMED | CROSSREF
4. Yao H, Samoukovic G, Farias E, Cimone S, Churchill-Smith M, Jayaraman D. Safety and flight
considerations for mechanical circulatory support devices during air medical transport and evacuation: a
systematic narrative review of the literature. Air Med ] 2019;38(2):106-14.
PUBMED | CROSSREF
5. Falcoz PE, Monnier A, Puyraveau M, Perrier S, Ludes PO, Olland A, et al. Extracorporeal membrane
oxygenation for critically ill patients with COVID-19-related acute respiratory distress syndrome: worth
the effort? Am J Respir Crit Care Med 2020;202(3):460-3.
PUBMED | CROSSREF
6. Cypel M, Keshavjee S. When to consider lung transplantation for COVID-19. Lancet Respir Med
2020;8(10):944-6.
PUBMED | CROSSREF
7. Lang C, Jaksch P, Hoda MA, Lang G, Staudinger T, Tschernko E, et al. Lung transplantation for
COVID-19-associated acute respiratory distress syndrome in a PCR-positive patient. Lancet Respir Med
2020;8(10):1057-60.
PUBMED | CROSSREF
8. HanW, Zhu M, ChenJ, Zhang], Zhu S, Li T, et al. Lung transplantation for elderly patients with end-stage
COVID-19 pneumonia. Ann Surg 2020;272(1):e33-4.
PUBMED | CROSSREF
9. Crotti S, Iotti GA, Lissoni A, Belliato M, Zanierato M, Chierichetti M, et al. Organ allocation waiting time
during extracorporeal bridge to lung transplant affects outcomes. Chest 2013;144(3):1018-25.
PUBMED | CROSSREF
10. Tipografy, Salna M, Minko E, Grogan EL, Agerstrand C, Sonett ], et al. Outcomes of extracorporeal
membrane oxygenation as a bridge to lung transplantation. Ann Thorac Surg 2019;107(5):1456-63.
PUBMED | CROSSREF
11. RECOVERY Collaborative GroupHorby P, Lim WS, Emberson JR, Matham M, Bell JL, Linsell L, et al.
Dexamethasone in hospitalized patients with Covid-19. N Engl | Med 2021;384(8):693-704.
PUBMED | CROSSREF
12. YangJW, Yang L, Luo RG, Xu JF. Corticosteroid administration for viral pneumonia: COVID-19 and
beyond. Clin Microbiol Infect 2020;26(9):1171-7.
PUBMED | CROSSREF
13. HeX, Lau EH, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in viral shedding and
transmissibility of COVID-19. Nat Med 2020;26(5):672-5.
PUBMED | CROSSREF
https://doi.org/10.3346/jkms.2021.36.123 7/7


http://www.ncbi.nlm.nih.gov/pubmed/29189633
https://doi.org/10.1097/TP.0000000000002004
http://www.ncbi.nlm.nih.gov/pubmed/26161017
https://doi.org/10.3904/kjim.2015.30.4.506
http://www.ncbi.nlm.nih.gov/pubmed/30898281
https://doi.org/10.1016/j.amj.2018.11.009
http://www.ncbi.nlm.nih.gov/pubmed/32543208
https://doi.org/10.1164/rccm.202004-1370LE
http://www.ncbi.nlm.nih.gov/pubmed/32857989
https://doi.org/10.1016/S2213-2600(20)30393-3
http://www.ncbi.nlm.nih.gov/pubmed/32857987
https://doi.org/10.1016/S2213-2600(20)30361-1
http://www.ncbi.nlm.nih.gov/pubmed/32301803
https://doi.org/10.1097/SLA.0000000000003955
http://www.ncbi.nlm.nih.gov/pubmed/23599162
https://doi.org/10.1378/chest.12-1141
http://www.ncbi.nlm.nih.gov/pubmed/30790550
https://doi.org/10.1016/j.athoracsur.2019.01.032
http://www.ncbi.nlm.nih.gov/pubmed/32678530
https://doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/pubmed/32603802
https://doi.org/10.1016/j.cmi.2020.06.020
http://www.ncbi.nlm.nih.gov/pubmed/32296168
https://doi.org/10.1038/s41591-020-0869-5

	Experience of International Air Transportation and Subsequent Lung Transplant in a Patient with COVID-19-associated Acute Respiratory Distress Syndrome: a Case Report
	INTRODUCTION
	CASE DESCRIPTION
	DISCUSSION
	REFERENCES


