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Failure

Chunxiao Hu, MD*,2, Guilong Wang, MD*,2, Difei Zhou, MD*,2,
Wei Wang, MD*,2, Zhong Qin, MD*, Yanjuan Wang, MD*,
Jingyu Chen, MDy, Hong Liu, MDz, Quan Li, MD, PhDx,

Dongxiao Huang, MD*,
1

*Department of Anesthesiology, the Affiliated Wuxi People’s Hospital of Nanjing Medical University, Wuxi,

Jiangsu, China
yDepartment of Lung Transplant Center, the Affiliated Wuxi People’s Hospital of Nanjing Medical University,

Wuxi, Jiangsu, China
zDepartment of Anesthesiology and Pain Medicine, University of California Davis Health, Sacramento, CA

xDepartment of Anesthesiology, National Cancer Center/National Clinical Research Center for Cancer/ Can-
cer Hospital & Shenzhen Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,

Shenzhen, China
THE NOVEL coronavirus was first detected in China at the

end of 2019, and there were 3,517,345 confirmed coronavirus

disease 2019 (COVID-19) cases and 243,401 deaths world-

wide as of May 5, 2020, including in United States.1-3 Accord-

ing to Diagnosis and Treatment Protocol for Novel

Coronavirus Pneumonia (Trial Version 7),4 pathologic findings

from limited autopsies and biopsy studies indicate variable

consolidations are present in the lungs, and organization of

alveolar exudates and interstitial fibrosis also are present.

Some COVID-19 patients present with severe acute respiratory

distress syndrome (ARDS) and irreversible lung injury, even

when their severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) on real-time reverse transcriptase-polymerase

chain reaction assay has become negative. For these patients,

instead of using long-term extracorporeal membrane oxygen-

ation (ECMO), lung transplant might be an alternative option.

Due to the uncharted territory of COVID-19 with unknown

outcome after lung transplant, no lung transplant had been per-

formed before this case. The authors report the world’s first
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double-lung transplant for a patient infected with novel coro-

navirus.

Case Report

The patient was a 59-year-old man with confirmed COVID-

19 and presented with end- stage respiratory failure and irre-

versible lung injury despite invasive mechanical ventilation

and veno-venous ECMO (V-V ECMO). His height was

170 cm and weight was 70 kg. Chest computed tomography

showed bilateral, multifocal ground-glass opacities with patch

consolidations (Fig 1). The chest X-ray before surgery showed

bilateral lung involvement. with “white out” and multifocal

consolidation (Fig 2). Arterial blood gas (ABG) before ECMO

showed the following: pH 7.44, PaO2 94.4 mmHg, PaCO2

65.8 mmHg, HCO3 44.3 mEq/L, BE (base excess)

17.52 mEq/L on FIO2 60%, tidal volume 380, rate 32, positive

end-expiratory pressure of 10 mmHg, and lactate 0.7 mEq/L.

Preoperative ABG on ECMO showed the following: pH 7.65,

PaO2 81 mmHg, PaCO2 19 mmHg, HCO3 20.9mEq/L, BE

1.3 mEq/L, oxygen saturation 98%, flow at 4 L/min, and sweep

of 4 L/min on FIO2 100%. After adjusting the flow and sweep,

the ABG showed the following: pH 7.35, PaO2 94 mmHg,

PaCO2 45 mmHg, HCO3 24.8 mEq/L, BE-1 mEq/L, and oxy-

gen saturation 97% on FIO2 100%. Other laboratory results
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Fig. 1. Preoperative computed tomography images. Bilateral, multifocal

ground-glass opacities with patch consolidations.

Table 1

Levels of Personal Protection for Health Care Workers During the COVID-19

Pandemic*

Routine Level 1 Level 2 Level 3

Hand hygiene + + + +

Surgical mask + + - -

Respirator (N95) - - + +

Eye protection - - § +

Gloves § + + ++

Scrubs + + + +

Isolation gown - + §! -

Protective clothing - - §! +

Disposable hair cover - + + +

Head cover - - - +

Shoe cover - - + ++

*Based on the regulations established in Wuxi People’s Hospital with modi-

fications.Abbreviations: +, mandatory; -, not needed; §, decision made

according to the work scenario; §!, choice between isolation gown or pro-

tective clothing is decided based on the local resources for level 3 protec-

tion; ++, double gloves or shoe covers.
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included C-reactive protein of 44.89 mg/L and N-terminal 76-

amino acid peptide pro brain natriuretic peptide (NT-proBNP)

of 431pg/mL, which were decreased from 1,389 pg/mL from 2

weeks ago. Preoperative repeated SARS-CoV-2 on real-time

reverse transcriptase-polymerase chain reaction assays was

negative. The patient’s medical history included hepatitis B.

The patient’s SARS-CoV-2 on real-time reverse transcriptase-

polymerase chain reaction assay was positive on January 27,

2020, but preoperative multiple tests of novel coronavirus

nucleic acid were negative. No significant damage was found

in other organs. The surgery was scheduled on February 29,

2020.

The donor lungs came from a 42-year-old man who suffered

from traumatic brain injury. He was intubated and mechani-

cally ventilated and was declared brain dead 3 days later. He

was ruled out for COVID-19 after novel coronavirus nucleic

acid test and computed tomography. The donor selection crite-

ria were in accordance with the Donor Lung Explantation and

Protection Specifications for Lung Transplantation in China

(2019 Edition).5

On the day of surgery, all surgical personnel took the stan-

dard Level 3 protection precaution (Table 1), and the surgery

was performed in a negative- pressure operating room (OR).

The patient was transported to the OR on V-V ECMO and

mechanical ventilation under sedation with midazolam and

remifentanil. The patient’s heart rate was 89 beats/min, blood

pressure 155/81 mmHg, and pulse oxygen saturation 97%.
Fig. 2. Chest X-ray before (A) a
General anesthesia was induced intravenously with 15 mg of

etomidate, 25 mg of sufentanil, and 20 mg of cisatracurium.

The single-lumen endotracheal tube was replaced with a left

double-lumen endobronchial tube for lung isolation and

mechanical ventilation. General anesthesia was maintained

with 0.03- to- 0.05 mg/kg/min of propofol, 3- to- 6 mg/kg/min

of cisatracurium, 0.1- to- 0.2 mg/kg/min of remifentanil, and

5- to- 10 mg of an oxycodone bolus as needed. Intraoperative

monitoring included American Society of Anesthesiologists

standard monitoring, stroke volume variation, stroke volume,

cardiac output, cardiac index, systemic vascular resistance

index via left radial arterial catheter, and left internal jugular

venous central line.

The patient was placed in the supine position and double-

lung transplantation was performed. After clamshell incision

through the fourth intercostal space and the exposure of the

heart and lungs, the authors noted poor left and right ventricu-

lar contractility, enlarged pulmonary artery, hematoma in the

right lower lobe, a bleeding patch on the surface of both lungs,

and lung parenchyma fibrosis. Veno-arterial ECMO was added

for circulatory support during surgery. Ten thousand units of

heparin were given before starting veno-arterial ECMO and

activated clotting time was maintained around 180 seconds.
nd after (B) lung transplant.
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Intraoperative fluid combined with vasoactive drugs were used

for volume and hemodynamic management.

The surgery lasted for 6 hours. The right lung cold ischemia

time was 8 hours, and the left lung cold ischemia time was

9 hours and 35 minutes. The intraoperative bleeding was

4,000 mL and the blood transfusion was 4,800 mL. After sur-

gery, V-V ECMO and mechanical ventilation were continued

in the intensive care unit. The V-V ECMO was successfully

weaned on postoperative day 2 and the PaO2/FIO2 ratio was

375. The chest X-ray showed significantly improved lung

imaging compared with the one before surgery (Fig 2). The

patient was successfully weaned off from mechanical ventila-

tion and extubated on postoperative day 14, with PaO2/FIO2

ratio of 440. No medical staff caring for this patient contracted

COVID-19.

Discussion

The authors reported the first case of successful double-lung

transplant in a COVID-19 patient. Because these patients

develop severe irreversible lung damage, lung transplant

becomes an alternative choice for COVID-19 patients with ter-

minal respiratory failure. Although the repeated SARS-CoV-2

on real-time reverse transcriptase-polymerase chain reaction

assay had converted from positive to negative, the potential

risks of infection was still high and the strict protective meas-

ures were important for healthcare providers caring for these

patients. This is even more important in the perioperative set-

ting where the aerosol- generating procedures are carried out

like in this case.

Although ECMO can serve as the life-saving rescue therapy

for refractory respiratory failure in the setting of ARDS caused

by COVID-19, the mortality rate is 45% according to the

Extracorporeal Life Support Organization registry (https://

www.elso.org/Home.aspx). However, there are studies that

reported the mortality rate as high as 83%.6 Yang and col-

leagues raised concerns about potential harms of ECMO ther-

apy for COVID-19 patients, especially that the immunologic

status of patients should be considered when selecting candi-

dates for ECMO.7 ECMO is just a bridging and supporting

measure that does not cure the disease. The lung transplant

could be the viable option for COVID-19 patients, with

ARDS/terminal respiratory failure, and who are unable to

wean off ECMO. The anesthesia management for lung trans-

plantation for COVID-19 patients may be different from other

lung transplant patients. Patients with COVID-19 also may

have myocardial injury and multiple organ failures,8 which

may cause hemodynamic instability together with low oxygen

saturation.

The oxygen reserve in patients with COVID-19 is very low,

especially in critically ill patients. This makes intubation a

huge challenge. Based on the authors’ experience, adequate

preoxygenation and rapid- sequence induction to avoid posi-

tive ventilation and coughing are recommended.4 Video laryn-

goscope should be used to facilitate intubation as soon as

muscle relaxation is achieved. However, the patient reported

here was already intubated. After adequate sedation and
muscle relaxation, a single-lumen endotracheal tube was

replaced with a double-lumen endobronchial tube. Like the

anesthesia for other lung transplantation, it is important to

avoid hypoxia, hypercarbia, and acidosis, which can lead to

pulmonary hypertension and right heart failure. It is also

important to avoid respiratory alkalosis caused by ECMO.

Other important aspects in perioperative hemodynamic man-

agement are to prevent tachycardia and arrhythmia. Restricted

fluid management is recommended to avoid pulmonary edema

by the combination of colloid and crystal solutions. Invasive

hemodynamic monitoring is suggested, which can guide the

use of vasoactive agents and fluid management. Maintaining

perioperative cardiac function is the key to anesthesia manage-

ment during surgery. Preload optimization before clamping

and unclamping the pulmonary artery are vital in preserving

graft and postoperative pulmonary function.9,10 A protective

ventilation strategy should be used for the transplanted lung.9

COVID-19 patients who develop ARDS and refractory

respiratory failure are treated with mechanical ventilation and

ECMO.11 A significant number of these patients become

ECMO- dependent. Even in the patients who could be weaned

off ECMO, their lung injuries are irreversible. Lung transplant

becomes an alternative option for these patients, just like all

the other end-stage lung injury patients who require lung trans-

plant. The COVID-19 patients should be registered on the

national lung transplant registry. Because this is a new disease

without effective treatment and the outcome is unknown,

patients should be given sufficient time for the lungs to heal.

Although the SARS-CoV-2 on real-time reverse transcriptase-

polymerase chain reaction assay was negative 3 times from

both nasopharyngeal swabs and bronchoalveolar lavage sam-

ples in this patient, it has been reported that the coronavirus

test can become positive again days after patients had recov-

ered from COVID-19.12 This could be explained by the possi-

ble false negative tests, discontinuation of antiviral drugs, and

rebounding from residual viruses.12,13 Because the lung trans-

plant is a resource-limited field, it is important to balance the

risks and benefits. The current evidence supports that younger

recipients with single-system disorders will have better

outcomes.14

The protective measures for healthcare providers in the peri-

operative setting is another important aspect in managing

COVID-19 patients.15-18 During the 2003 SARS outbreak in

Ontario, Canada, 51% of cases were healthcare workers.

Healthcare- worker involvement with tracheal intubation had a

13-fold higher relative risk ratio for acquiring SARS infection

when compared with healthcare workers not participating in

tracheal intubation.19 A more recent publication from the Chi-

nese Center for Disease Control and Prevention (Beijing,

China) reported that as of February 11, 2020 there were 1,716

healthcare workers diagnosed with COVID-19 out of 44,672

confirmed cases, although most of the infected healthcare

workers were confined to the initial epicenter of the outbreak

(Hubei Province, China).20 Even though the patient’s COVID

tests were negative, the hospital still mandated using standard

Level 3 protection (Table 1). Double masks with N95 inside

and surgical mask outside, gowns, and double gloves should

https://www.elso.org/Home.aspx
https://www.elso.org/Home.aspx
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be worn by the intubation team. The person who is performing

the intubation should wear a third pair of gloves and remove

them immediately after intubation. A dedicated OR only for

patients with COVID-19, equipped with a negative- pressure

system should be used. If there is no negative- pressure OR

available, the positive- pressure system and air conditioning

must be turned off.

Anesthesia equipment, supplies, and medications must be

used for the patient exclusively. Anesthesia supplies that

directly contact the patient’s skin or mucosa should be single

use, including the video laryngoscope blades, endotracheal

tubes, anesthesia masks, filters, breathing balloons, suction

tubes, catheters, end-expiratory carbon dioxide sampling

tubes, water traps, etc. A closed airway suction system is rec-

ommended to reduce aerosol generation. All healthcare work-

ers participating in the surgery should remove their personal

protective equipment and place them in a designated waste

bag. The doffing of personal protective equipment should be in

proper order.

In conclusion, ECMO is just a bridging and supportive

method. The use of ECMO is associated with high mortality in

patients with ARDS due to COVID-19. Lung transplant could

be a viable option for COVID-19 patients with ARDS/terminal

respiratory failure and who are unable to wean off ECMO.

Surgery and anesthesia for lung transplant in COVID-19

patients should be carried out in a designated negative- pres-

sure OR with Level 3 protection. The key points of anesthesia

include maintaining right heart function, managing intrave-

nous fluid, monitoring hemodynamics, correcting coagulation

disorders, and choosing the proper ECMO mode, which can

effectively support cardiac and pulmonary functions during

lung transplant.
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