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SUMMARY
In critically ill patients with COVID-19, established
therapies in the setting of respiratory failure include
invasive mechanical ventilation and extracorporeal
membrane oxygenation (ECMO). This case report
describes a pregnant woman in her 30s who was
hospitalised at 35 weeks gestation with moderate
COVID-19 disease. Her condition worsened following
delivery, and she required intubation, maximum
ventilatory support and ECMO. Because of the severe
and irreversible nature of her lung disease, she ultimately
underwent bilateral lung transplantation. This case
showcases lung transplantation as an alternative
life-saving option for patients with severe COVID-19
associated respiratory failure refractory to ECMO and
mechanical ventilation. Further studies are needed to
develop a multidisciplinary approach for patient selection
for transplantation within the context of COVID-19 and
to assess long-term outcomes.

BACKGROUND
As of March 2022, there have been 79.1 million
cases of COVID-19 in the USA, with more than
955 000 deaths.1 The WHO has previously reported
that 5% of patients who are infected with the SARS-
CoV-2 virus and contract COVID-19 become critically ill, and in these patients, the mortality rate is
over 50%.2 Extracorporeal membrane oxygenation
(ECMO) has been used to treat critically ill patients
with respiratory failure in the setting of COVID-19
that is refractory to invasive mechanical ventilation. Options are limited for patients who show no
improvement with these measures.

CASE PRESENTATION
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A woman in her 30s, gravida 1, para 0, with a
medical history of ulcerative colitis presented in
November 2020 at 35 weeks singleton gestation
with headache, shortness of breath, cough, fever,
chills, nausea and vomiting. She had not been vaccinated for COVID-19 at the time. On admission, her
vital signs were notable for tachypnoea with a respiratory rate of 24 breaths per minute and hypertension with blood pressure of 157/88 mm Hg.
Crackles were noted on examination. A PCR test for
SARS-CoV-2 performed on admission was positive.
Laboratory values were notable for hypokalaemia
and hypomagnesaemia. There was no transaminitis
or thrombocytopenia. Chest X-
ray showed mild
cardiomegaly with diffuse interstitial infiltrates.
Venous duplex ultrasound showed no evidence of
thrombosis in bilateral lower extremities.

TREATMENT

The patient had increased work of breathing and
was started on supplemental oxygen through
nasal cannula. She received a 14-day course of
dexamethasone and a 5-day course of remdesivir
for treatment of COVID-19. Low dose heparin
infusion was started for anticoagulation. She
required up to 3 L/min of oxygen by nasal cannula
to maintain oxygen saturations above 95%.
On hospital day (HD) 5, she developed severely
elevated blood pressure and was diagnosed with
pre-
eclampsia with severe features. Figure 1
displays a timeline of the patient’s clinical course.
She underwent induction of labour and vaginal
delivery of a female neonate on HD 7. SARS-
CoV-2 PCR testing of the neonate was negative.
Following delivery, the patient had occasional
episodes of oxygen desaturation and was unable
to be weaned off supplemental oxygen over the
next few days. On HD 10, her oxygen saturations dropped to the low 80s and she was started
on high-flow nasal cannula 40 L/min with 0.90
fraction of inspired oxygen. This was only able
to be weaned to a minimum of 0.75 fraction of
inspired oxygen over the next several days. She
was started on broad spectrum antibiotics on HD
10 and received convalescent plasma infusions on
HD 13 and 15. On HD 16, she became increasingly tachypnoeic, failed non-invasive ventilation
and was intubated. Chest X-ray showed evidence
of worsening bilateral pneumonia.
Over the next few days, she was intermittently
positioned in the prone position in an attempt
to improve oxygenation. She required the use
of high positive end-
expiratory pressures up
to 20 mm Hg. With continued difficulties with
ventilation and oxygenation despite the use
of additional sedation and prone positioning,
ECMO was considered. Risk stratification scores
for ECMO patient selection predicted her clinical outcome to be poor, leading to initiation
of venovenous ECMO on HD 21. Chest X-ray
showed near complete opacification of the lungs
with evidence of pulmonary oedema, pneumonia
and pleural effusions (figure 2).
Despite maximal support with ECMO and
mechanical ventilation, her oxygenation remained
poor and she continued to have intermittent
episodes of desaturation. She developed right-
sided heart failure and shock liver. She required
increasing ECMO flow rates in the setting of
worsening lung compliance. On HD 33, she
underwent initial evaluation for lung transplantation given the severe and irreversible nature
of her lung disease. As part of pretransplant
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evaluation, SARS-CoV-2 PCR testing was repeated and was
negative. Pulmonary transplant, cardiothoracic surgery, infectious disease, intensive care, heart failure, psychology and
social work teams were involved in the transplant evaluation.
Over the course of the admission, there were multiple
instances of initiation of treatment for possible sepsis. This
was suspected in the setting of the patient’s respiratory failure
with intermittent episodes of hypotension requiring the use
of pressors, occasional fevers and increased cardiac output
noted on monitoring. CT imaging on HD 35 showed diffuse
consolidative groundglass opacities (figure 2). This was most
consistent with COVID-19 associated pneumonia; however,
the patient was treated for possible postinfectious organising pneumonia with high dose steroids, with no subsequent
improvement. Antibiotics and antifungals initiated for sepsis

were all later discontinued after bacterial culture and PCR
tests and fungal antigen tests resulted as negative.
The patient was listed for bilateral lung transplantation on
HD 47. Severe pulmonary hypertension and right ventricular
volume and pressure overload were noted on echocardiogram on HD 50. On HD 52, she experienced desaturations
requiring urgent conversion to venoarterial ECMO.
On HD 57, she underwent bilateral lung transplantation.
Intraoperative findings (figure 3) showed severely reduced
lung size with no motion noted on ventilation. The right lung
was noted to have ruptured in the central portion, with a large
clot filling this space. Significant inflammation and adhesions
were noted around the hilum. Histopathological inspection
showed diffuse alveolar damage of both lungs, cystic bullous
spaces, extensive haemorrhage, prominent follicular hyperplasia in hilar lymph nodes and mucous plugs in bronchial
lumens.

OUTCOME AND FOLLOW-UP

Postoperatively, the patient recovered well. Postoperative
imaging of the chest showed mild strand-like opacities in the

Figure 2 Chest imaging findings. (A) Near complete opacification
of lungs with evidence of pulmonary oedema, infection and
pleural effusions on chest X-ray, hospital day 22. (B) Diffuse patchy
consolidative and ground glass opacities, multifocal pneumonia, severe
parenchymal disease and cysts seen on chest CT, hospital day 35.
2

Figure 3 Gross and pathological findings. (A) Intraoperative findings
of ruptured haemorrhagic native lung. Used with permission of Dr Daizo
Tanaka. (B) End stage changes of fibrotic lung. (C, D) Evidence of focal
necrotic debris and pulmonary hypertension on pathology, H&E stain 2 x
(C) and 4 x (D).
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Figure 1 Timeline of patient’s clinical course. ECMO, extracorporeal membrane oxygenation; HD, hospital day.
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Learning points
bilateral lungs (figure 4), which was noted to be a remarkable
improvement from the pretransplant findings of diffuse opacification. She was weaned from mechanical ventilation and on
HD 83 she was discharged to a rehabilitation facility. Bronchoscopy performed after 6 weeks showed patent bilateral anastomoses without granulation tissue, with no significant secretions
or airway abnormalities. Surveillance with bronchoscopy and
transbronchial lung biopsies at 1 month, 6 months, 9 months
and 1 year post-transplant did not show evidence of rejection
or infection. She completed pulmonary rehabilitation and has
received full vaccination for COVID-19 with three doses.

► Lung transplantation offers an alternative life-saving option

for patients with severe COVID-19 associated respiratory
failure refractory to established treatments.
► Pregnant women with COVID-19 may have higher mortality
in the postpartum period than during pregnancy and later
onset of acute respiratory distress syndrome when related to
COVID-1 9.
► A multidisciplinary approach for patient selection for lung
transplantation should be developed to create a standardised
process for patients with COVID-19 who are not responding
to other therapies.

DISCUSSION

Pregnant patients with COVID-19 are more likely to require
hospitalisation, intensive care unit admission and mechanical
ventilation than the general population.3 Prior studies have
shown that COVID-19 may carry a higher mortality rate in
the postpartum period than during pregnancy,4 and that acute
respiratory distress syndrome attributed to COVID-19 can
have later onset than the typical 1 week period noted in the
Berlin criteria.5
There are several established scoring systems for predicting
outcomes of acute respiratory distress syndrome and stratifying the severity of lung injury to guide patient selection for
ECMO. The case presented here showcases lung transplantation as an additional life-saving option for COVID-19 patients
with acute respiratory distress syndrome refractory to ECMO
and mechanical ventilation. Our patient demonstrated worsening lung compliance, required increasing ECMO flow rates,
and had evidence of other organ damage including shock
liver and right heart failure. A multidisciplinary selection
committee deemed that due to the severity and irreversibility
of her disease, she could not be expected to recover and that
listing for lung transplantation was appropriate.
In the time since the case described in this report occurred,
a second patient with COVID-19 has undergone bilateral lung
transplantation at our institution in the immediate postpartum
setting. In a literature search of management of COVID-19
associated respiratory failure, few case reports have described
the use of lung transplantation. In the largest case series thus
far by Bharat et al,6 12 patients from various institutions across
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Figure 4 Postoperative chest imaging findings. Mild strand-like
opacities of bilateral lungs.

four countries were identified who underwent bilateral lung
transplantation in the setting of COVID-19 associated acute
respiratory distress syndrome. Histopathological evaluation
of the explanted native lung tissue from these patients showed
features of pulmonary fibrosis, which supports the findings of
irreversible lung damage. Evidence from these cases suggests
a time period of 4–6 weeks as sufficient to exclude the possibility of native lung recovery and supports the consideration
of lung transplantation for COVID-19 associated respiratory
failure in the absence of other organ system dysfunction.
To consider the option of lung transplantation for future
patients with severe COVID-19, a multidisciplinary approach
is needed to delineate appropriate candidates, with consideration of the limited availability of donor organs. The median
survival of patients who undergo lung transplantation is 6.7
years,7 with survival most affected by development of chronic
lung allograft dysfunction. Further studies are needed to evaluate the likelihood of transplant rejection, the possibility of
recurrence of SARS-CoV-2 infection of the allograft and long-
term outcomes.
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