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A B S T R A C T   

Extracorporeal membrane oxygenation (ECMO) therapy in patients with coronavirus disease 
2019 (COVID-19) has a low frequency of use, and thus pathological findings in such patients are 
valuable. In this case report, a 62-year-old man with a history of hypertension presented with a 
runny nose. After an at-home COVID-19 positive test, he developed dyspnea and fever. Once 
admitted to our hospital, his oxygenation worsened, and ECMO was initiated. He died from 
respiratory failure 69 days after ECMO induction. Macroscopically, the lungs gained mass, were 
partially consolidated, and were airless. Histological analysis revealed diffuse bronchial epithelial 
metaplasia and adenoid metaplasia in the alveolar epithelium. Although the lung parenchyma 
was partially preserved, there was organizing and fibrosis that filled pulmonary alveolus due to 
COVID-19 and changes resulting from disuse and long-term ECMO.  

List of abbreviations 

COVID-19 coronavirus disease 2019 
CT computed tomography 
ECMO extracorporeal membrane oxygenation 
SARS-CoV-2 severe acute respiratory syndrome-coronavirus-2 
VILI Ventilator-induced lung injury  

1. Introduction 

The number of deaths due to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has increased worldwide. Full 
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pathological examination upon autopsy has significant value for understanding the pathophysiology of a disease, especially when the 
knowledge about an emerging disorder is limited [1–3]. In the current case report, the pathological findings of a severe COVID-19 
patient treated with extracorporeal membrane oxygenation (ECMO) are shared. 

The validity of ECMO for severe respiratory failure has been demonstrated previously for H1N1 influenza [4]; hence, ECMO is also 
recommended for eligible patients with SARS-CoV-2 [5,6]. However, the frequency of ECMO support use is relatively low at ~3% in 
severe COVID-19 cases with the restoration of adequate oxygenation [7], and its induction has remained geographically restricted to a 
few specialized centers. Thus, pathological findings from patients for which ECMO was induced can be recorded in a few cases, making 
autopsy findings for those treated with ECMO valuable knowledge. 

2. Case report 

A 62-year-old non-smoking man with a history of hypertension (HTN) presented with complaints of a runny nose. The patient was 
diagnosed with COVID-19 after a polymerase chain reaction test. After he complained of dyspnea and fever during his stay at home, the 
patient was transported to our hospital. Chest radiography revealed pneumonia in the bilateral lung fields; and chest computed to
mography (CT) revealed ground-glass opacity, patch consolidation, and tractional bronchodilation (Fig. 1). 

ECMO, extracorporeal membrane oxygenation; RA, right atrium; SVC, superior vena cava. 
The patient was then intubated and treated with Remdesivir 200 mg (first day only), 100 mg (2nd–10th day), heparin 

15,000–20,000 units, Tocilizumab 600 mg (administered on the first day only), and dexamethasone 6.6 mg per day. His oxygenation 
levels worsened despite on mechanical ventilation, and ECMO was inducted seven days after intubation. During ECMO therapy, the 
artificial respirator was set as follows: assist control, respiratory rate 10–15 per min, driving pressure 5–10 cm H2O, positive end- 
expiratory pressure 10–15 cm H2O, and a fraction of inspiratory oxygen(i.e., 40%). The lung rest setting could not be expanded 

Fig. 1. a) Chest CT scan showing ground-glass opacity, air bronchogram, patchy consolidation in the bilateral upper lobes, bilateral pleural effusion, and the ECMO 
catheter in the SVC. b) Chest CT scan demonstrating atelectasis, organizing, bilateral air bronchogram, and the ECMO catheter in the RA. 
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adequately due to fibrositis due from the SARS-CoV-2 infection (Fig. 2). The patient died from respiratory failure 69 days after ECMO 
induction. 

An autopsy was conducted 19h after death, excluding the brain. Macroscopically, the lungs gained weight (left, 720 g; right, 910 g). 
They were partially consolidated, airless, and showed a hematoma in the right middle lobe. The cut surface showed diffuse white 
changes in each lobule that were dominant in the lower lobes, and there was a clear pleural effusion in the bilateral thoracic cavity 
(left, 500 ml; right, 750 ml). 

Fig. 2. Representative images of the macroscopic findings. a) A cystic lesion and a hemorrhage in the right middle lobe (right lung before formalin fixation) are seen. 
b) White centrilobular organization is noted markedly in the bilateral lower lobes (cut surface of the lungs after formalin fixation). 
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Histological analysis revealed diffuse bronchial epithelial metaplasia and adenoid metaplasia in the alveolar epithelium. Hyper
emia, hyperplasia, and dilation of the capillary blood vessels in the interalveolar septum were also demonstrated. These lesions showed 
changes caused by long-term ECMO therapy. Although organizing and fibrosis that filled the pulmonary alveoli were observed in some 
places, the air space was maintained in most parts of the upper lobes (Fig. 3). Macrophages, neutrophils, and bleeding were also 
observed in the interalveolar space. The patient also developed bacterial pneumonia as a complication. 

EVG, elastica van Gieson; HE, Hematoxylin and Eosin. 

3. Discussion 

This case study reports the autopsy of a 62-year-old man with severe COVID-19 who underwent long-term ECMO, which revealed 
histopathologic lesions and disuse changes. 

The severity of SARS-CoV-2 varies from case to case, from asymptomatic to deceased, and is widely known to cause severe res
piratory failure, which is the leading cause of death in COVID-19 patients. Anti-viral drugs, immunosuppressive therapy, and anti
coagulation therapy have proven effective [8–11]. Under this multidrug regimen, mechanical ventilation and ECMO are central to 
respiratory management in severe cases. 

In various levels of COVID-19 progression and severity, diffuse alveolar damage (DAD) and organizing are major pathological 
features in patients with COVID-19 infection [2]. In this case, histopathologic lesions that were attributed to the COVID-19 were 
limited, and the predominant finding was disuse changes due to ECMO. We did reveal DAD in some portions of the lungs and noted 
organizing, especially in the lower lobes. However, the lung tissue was partly maintained in both upper lobes. The treatment effect of 

Fig. 3. a). Representative images of the histological findings a), b) organizing and fibrosis that filled pulmonary alveolus in the lower lobe; c), d) maintained air space 
and pulmonary alveolus in the upper lobe, 
a) HE stain, 40× magnification), b) EVG stain, 40× magnification, c) HE stain, 40× magnification, d) EVG stain, 40× magnification, e) Congestion and disuse changes 
in the lower lobe (HE stain, 40× magnification). 
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ECMO is a result of many factors, such as oxygenation, to avoid acidosis from the accumulation of carbon dioxide. One of the most 
important factors in this treatment is avoiding ventilator-induced lung injury (VILI). A previous report demonstrated that low driving 
pressure decreases VILI and preserves lung tissues [12]. In addition, improved survival was noted in patients with severe, but 
potentially reversible, respiratory failure [13]. For this case, we considered that the preserved lung parenchyma in the upper lobes was 
a treatment effect of ECMO. 

The most common complication of ECMO is hemorrhage [4]. Histopathologic findings in the lungs treated with ECMO are also 
often reported, and the incidence of pulmonary hemorrhage is 63.2% [14]. In our case, an old hemorrhage was observed in the form of 
a pulmonary cyst, but no other histological changes were observed in either the lungs or the gastrointestinal mucous membrane. 
Intracranial hemorrhage has also been reported as a cause of death in patients receiving ECMO [15]; although we excluded the brain at 
autopsy, the CT scan for this patient demonstrated no intracranial hemorrhage. 

Despite the induction of ECMO, the cause of death in this patient was respiratory failure resulting from composite factors that 
produced organizing due to COVID-19, disuse changes due to long-term ECMO, and the complication of bacterial pneumonia. ECMO is 
effective invasive oxygenation, but only supports therapy for respiratory failure. A treatment regimen for patients with severe COVID- 
19 is needed. Since our patients were unvaccinated, it also underlines the need for widespread vaccinations in the community. 

4. Conclusion 

Although histological changes in this patient were similar to conventional COVID-19 cases, we found preserved lung parenchyma in 
parts of the lung, which was a treatment effect induced by ECMO. 
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