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Abstract

A 54-year-old man was admitted for fever and dyspnea. He presented with severe COVID-19 pneumonia and
elevated amylase and lipase levels. He received treatment for COVID-19 and possible acute pancreatitis
(AP). Although pneumonia and amylase levels improved, a high-grade fever persisted. On day 39, abdominal
CT revealed heterogenous liquid and non-liquid components with a well-defined wall around the pancreas,
and he was diagnosed with infected walled-off necrosis (WON) after AP. It was concluded to be associated
with COVID-19 because there were no identifiable causes, such as alcohol consumption, gallstones, or other
viral infections. The necrotic collection and fever improved after endoscopic transgastric drainage and
necrosectomy. SARS-CoV-2 is becoming recognized as a new etiological infectious factor for AP, and
COVID-19-associated AP shows higher severity and mortality. Clinicians should evaluate COVID-19
patients for concomitant AP, and if it is present, they should carefully monitor the development of local
complications, including WON.
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Introduction

SARS-CoV-2 has caused the ongoing COVID-19 pandemic, resulting in an enormous healthcare burden
worldwide. Coronaviruses are a large family of single-stranded RNA viruses that infect humans and animals,
causing a myriad of symptoms [1].

Acute pancreatitis (AP) is a common disease often caused by gallstones and alcohol abuse and is rarely of
viral origin. Common causes of viral pancreatitis are cytomegalovirus, mumps, Epstein-Barr virus, Coxsackie
B virus, and hepatitis A virus [2]. SARS-CoV-2 is also a causative agent of viral pancreatitis. While the
complication rates of AP in patients with COVID-19 have been reported to be 0.007-0.27% [1,3], a far greater
proportion of patients with COVID-19 have no identifiable cause of pancreatitis than those without COVID-
19, suggesting that SARS-CoV-2 plays a causative role [3,4].

AP is morphologically classified as interstitial edematous pancreatitis, characterized by interstitial edema
and necrotizing pancreatitis accompanied by extensive fat and parenchymal necrosis inside and outside the
pancreas, accounting for 5-10% of patients developing necrotizing pancreatitis [5]. Walled-off necrosis
(WON) is a term used to describe encapsulated collections of fluid and solid debris [6]. WON usually occurs
>4 weeks after the onset of necrotizing pancreatitis and can cause pain and mechanical compression of
adjacent organs and structures, leading to infection, sepsis, and multiorgan failure [5]. Although some cases
of necrotizing pancreatitis have been associated with COVID-19, there have been no reports of WON after
AP in our search. This is the first case report of WON following AP associated with COVID-19.

Case Presentation

A 54-year-old obese patient (body mass index, 31.1 kg/mz) with a five-day history of fever and dyspnea was
admitted to our hospital. He had a medical history of hypertension, hyperuricemia, and bronchial asthma.
He reported no history of alcohol consumption or smoking. Upon admission, the physical examination
results, including chest auscultation and epigastric pain, were unremarkable. His body temperature was
38.3°C, blood pressure 127/100 mmHg, and oxygen saturation 77% on room air. The patient tested positive
for SARS-CoV-2 RNA. Laboratory tests upon admission revealed elevated levels of aspartate
aminotransferase (154 U/L), alanine aminotransferase (94 U/L), amylase (1,083 U/L), lipase (543 U/L),
creatinine (1.27 mg/dL), and C-reactive protein (17.7 mg/dL). Plasma triglyceride and calcium levels were
normal. Computed tomography (CT) revealed bilateral ground-glass opacities and consolidation in both
lungs (Figure 1A) and a normal gall bladder and biliary tract, with an unremarkable pancreas (Figure 1B).
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FIGURE 1: Chest and abdominal CT scans on admission

(A) Chest CT scan shows bilateral ground-glass opacities and consolidation in both lungs. (B) Abdominal CT scan
reveals normal gall bladder and biliary tract, with unremarkable pancreas

CT: computed tomography

The patient was intubated and admitted to the intensive care unit for mechanical ventilation. He was
administered high-dose corticosteroids, remdesivir, baricitinib, and unfractionated heparin. He also received
aggressive fluid administration and empiric antibiotics for the possibility of AP and bacterial pneumonia.
Nutritional support was initiated through a nasojejunal tube. On day 6, an abdominal ultrasound revealed
fluid accumulation around the pancreas, supporting the diagnosis of AP. Gallstones were not observed.
Additionally, the patient developed acute kidney failure and required hemodialysis (Figure 2). In contrast,
circulatory dynamics were preserved without catecholamines.
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FIGURE 2: Clinical course after admission

Although the respiratory and renal impairments gradually improved, high-grade fever persisted until treatment for
WON was initiated

MCFG: micafungin; MEPM: meropenem; mPSL: methylprednisolone; PSL: prednisolone; WON: walled-off
necrosis

Thereafter, the respiratory and renal impairments gradually improved. Amylase levels also decreased after
admission. The patient was weaned from hemodialysis on day 32 and received ventilation on day 39 (Figure
2). However, the high-grade fever persisted, and abdominal CT demonstrated a heterogenous collection
showing liquid and non-liquid components with a well-defined wall around the pancreas (Figure 5), leading
to the diagnosis of WON. Although the radiological findings were unremarkable upon admission, he was
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assumed to have necrotizing pancreatitis. No other causes of AP, including alcohol consumption, gallstones,
other viral infections, hypertriglyceridemia, or hypercalcemia, were identified. Antifungal therapy for
candidemia due to catheter-related bloodstream infections did not improve the fever. Therefore, the patient
was diagnosed with infected WON following COVID-19-associated AP. On day 60, the patient underwent
endoscopic ultrasound-guided transgastric drainage using a lumen-apposing metal stent, which improved
his fever. However, the encapsulated collection did not improve significantly (Figure 4A). Therefore, a direct
endoscopic necrosectomy was also performed (12 sessions).

FIGURE 3: Abdominal CT scans at diagnosis of WON

CT scans of the abdomen show a heterogenous collection showing liquid and non-liquid components with a well-
defined wall around the pancreas (white arrow)

CT: computed tomography, WON: walled-off necrosis

FIGURE 4: Changes in abdominal CT scans after initiation of treatment
for WON

(A) Endoscopic ultrasound-guided transgastric drainage using a lumen-apposing metal stent did not improve
encapsulated collection significantly (day 98). (B) A follow-up CT after endoscopic necrosectomy shows marked
improvement in the encapsulation collection (day 195)

CT: computed tomography, WON: walled-off necrosis

After endoscopic necrosectomy, the encapsulated collection was markedly improved. Bilateral ground-glass
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opacities and consolidation in the lung field were also improved, and oxygen therapy was no longer
necessary. On day 150, the patient was discharged to his home. A follow-up CT showed that the
encapsulation collection remained improved (Figure 45). The patient had no symptoms at six months of
follow-up.

Discussion

Upon admission, the patient presented with severe COVID-19 pneumonia, acute kidney failure, and
elevated amylase and lipase levels. Although the abdominal CT did not show supportive findings for AP, the
patient underwent aggressive fluid resuscitation and nutritional support through a nasojejunal tube for
possible AP and COVID-19 treatment. Although pneumonia and amylase levels improved, a high-grade
fever persisted, and the patient was diagnosed with infected WON. The absence of other etiologies suggests
that AP is associated with COVID-19. Our report is the first case of WON following AP associated with
COVID-19. Researchers believe that this case provides important information regarding the comorbidities
associated with COVID-19.

The most common causes of AP are gallstones and excessive alcohol consumption. Hypertriglyceridemia,
endoscopic retrograde cholangiopancreatography (ERCP), drugs, and viral infections (e.g., cytomegalovirus,
mumps, Epstein-Barr virus, Coxsackie B virus, and hepatitis A virus) can also cause AP [2]. In contrast,
idiopathic pancreatitis, the etiology of which is unknown, is reported in 10-30% of all AP cases [7]. Some
reports revealed a high incidence of idiopathic pancreatitis in patients with COVID-19, suggesting a
relationship between COVID-19 and AP. Inamdar et al. showed that idiopathic pancreatitis was the most
common etiology (68.8%) in patients with AP who tested positive for COVID-19, compared with 21.0% in
patients who were COVID-19 negative [3]. de-Madaria et al. also reported that patients with COVID-19 had
a significantly higher rate of idiopathic pancreatitis than those without (24% vs. 14%, p=0.001) [4]. Silva et
al. suggested that SARS-CoV-2 infection may be responsible for AP in certain patients, provided other
known etiologies are ruled out [8]. Our patient had no history of alcohol consumption, gallstones,
hypertriglyceridemia, ERCP, or drug use prior to admission. Other viral infections (e.g., cytomegalovirus,
Epstein-Barr virus) were excluded based on blood tests and medical history. The current case corresponds to
idiopathic pancreatitis, which suggests an association between COVID-19 and AP.

Although the association between the severity of COVID-19 pneumonia and the development of AP remains
unknown, high rates of severe AP are observed in patients with COVID-19. A meta-analysis showed that
COVID-19-associated AP has a higher incidence of necrotizing pancreatitis, higher severity, and higher
mortality than observed among patients with non-COVID-19 AP [9]. Clinicians should check amylase levels
on blood tests for the following COVID-19 patients: first, in patients with epigastric pain; and second, when
abdominal symptoms and findings are difficult to confirm due to emergent medical care (including
mechanical ventilation). They should also pay attention to the severity of the AP.

Direct pancreatic injury via angiotensin-converting enzyme-2 (ACE2) has been suggested as the mechanism
underlying AP in patients with COVID-19. The attachment of the virus to ACE2 in lung type 2 alveolar cells
induces lung injury [10]. ACE2 expression is slightly higher in the pancreas than in the lungs, possibly
associated with pancreatic damage following the SARS-CoV-2 infection [11]. SARS-CoV-2 has been found in
necrotic abdominal and pancreatic pseudocyst (PPC) fluid samples from patients with SARS-CoV2-
associated pneumonia and AP [12]. Our patient had renal failure in addition to pancreatic damage. In the
kidney, ACE2 is abundantly expressed in podocytes and proximal straight tubule cells [13]. SARS-CoV-2 was
confirmed in the tubular epithelium and podocytes by the autopsy of a patient who died of COVID-19 [14].
In addition, the SARS-CoV-2 S protein binds to human ACE2 with a higher affinity than the SARS-CoV
(coronavirus that initially emerged in China and caused the 2002-04 SARS outbreak) S protein [15]. As
mentioned above, direct ACE2-mediated impairment has been suggested as a mechanism of pancreatic and
renal injury in patients with COVID-19, and a similar mechanism was likely to occur in this case. Another
mechanism of pathogenesis may be multiorgan failure due to a COVID-19 infection-induced cytokine storm
[8]. However, our patient did not have elevated blood lactate levels, hypotension, or disseminated
intravascular coagulation (DIC).

Pancreatic fluid collection (PFC) is a common local complication in AP. The revised Atlanta classification
categorizes PFCs into acute peripancreatic fluid collection, acute necrotic collection, PPC, and WON
depending on the time after the onset of AP (<4 vs. >4 weeks) and the presence of necrosis [16]. PPC contains
homogenous fluid collections, and WON is a heterogenous encapsulated collection with fluid and non-
liquid components [6]. In this case, we diagnosed WON because it showed an encapsulated heterogenous
fluid collection containing necrotic materials. WON can cause pain and mechanical compression of adjacent
organs and structures, leading to infection, sepsis, and multiorgan failure [5]. Heckler et al. revealed that
there are two phases of mortality, and although the primary cause of death in the first week is multiorgan
failure, most subsequent deaths are due to local pancreatic necrosis [17]. Therefore, the management of local
complications of AP is crucial.

Although the risk factors for WON in patients with necrotizing pancreatitis are not clearly known, Ikarashi et

al. revealed that high body mass index (>25 kg/mz), post-ERCP pancreatitis, and DIC are risk factors for the
development of WON associated with severe AP [18]. Our patient was severely obese but did not develop DIC
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and had no history of ERCP. In obese patients, elevated levels of proinflammatory mediators, decreased
levels of anti-inflammatory cytokines, and large amounts of necrotic abdominal fat may lead to local
complications [18]. In the present case, obesity may have been a factor in the development of the WON.
Although a multicenter cohort study showed that hypertriglyceridemia is an independent risk factor for
acute necrotic collection and WON [19], and a systematic review and meta-analysis also showed a higher
incidence of pancreatic necrosis in the hypertriglyceridemia group [20], triglyceride levels were normal in
our patients.

Conclusions

We report the first case of infected WON following COVID-19-associated AP. Patients with COVID-19 have a
higher rate of idiopathic pancreatitis, in which other known factors have been ruled out than observed
among non-COVID-19 patients. Therefore, SARS-CoV-2 is being recognized as a new etiological infectious
factor for AP. Moreover, COVID-19-associated AP shows higher severity and mortality. Clinicians should
evaluate COVID-19 patients for concomitant AP, and if it is present, they should carefully monitor the
development of local complications, including WON.
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