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ABSTRACT
Background. Pneumatosis intestinalis (PI) is a rare condition usually occurring among adults
who have undergone solid organ transplant and are taking steroid therapy. The coronavirus dis-
ease 2019 (COVID-19) virus uses angiotensin-converting enzyme 2 in gastrointestinal epithe-
lium as a receptor for entry process. Due to the steroid intake, the COVID-19 virus is present in
the patient’s gastrointestinal tract for extended period of time. It may therefore increase the possi-
bility of PI in such patients. It is usually asymptomatic, with a clinical spectrum ranging from
indolent to life-threatening. Unfortunately, there are no algorithms concerning diagnosis and
treatment of PI.

Aim of study. The aim of this study is to highlight the problem of PI induced by COVID-19,
especially in high-risk groups such as solid organs recipients.

Conclusion. On the basis of the presented case of a severe course of COVID-19−induced PI,
we conclude that laparotomy with bowel resection can be a feasible and a safe option for
treatment.
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BACKGROUND

PNEUMATOSIS intestinalis (PI) is a condition in which the
presence of gas is identified within the wall of the intestines.

It is a very rare condition, usually diagnosed in newborns and
small children. Among adults it is only occasionally seen and,
when present, is associated with conditions including infectious
diseases (cytomegalovirus, human immunodeficiency virus,
Mycobacterium tuberculosis), pulmonary diseases (chronic
obstructive pulmonary disease, pulmonary fibrosis), and gastroin-
testinal diseases (inflammatory bowel disease, toxic megacolon)
[1,2]. Patients who have undergone immunosuppression after
solid organ transplantation, especially with glucocorticoids, are
predisposed to PI [3]. Despite having been described for the first
time in 1730 by DuVernoi in an autopsy report, there are no con-
clusive guidelines for diagnosing and treating PI [1,4]. In most
cases it is asymptomatic and diagnosed accidentally during imag-
ing studies such as a computed tomography scan [5-8]. The
symptoms can vary from mild abdominal pain, nausea, and vom-
iting to features of peritonitis due to bowel perforation [1-
4,7,9,10,11,13,14]. The most common treatment is conservative:
nihil per os, total parenteral nutrition, empirical antibiotics, and
hyperbaric oxygen. In a few reported cases the treatment of
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choice was surgical because of peritonitis symptoms
[3,7,10,12,15].
Since the first outbreak in December 2019 of COVID-19, a

viral infection that primarily affects the respiratory system,
more reports have appeared on gastrointestinal manifestations.
It has been proven that severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) uses angiotensin-converting enzyme
2 (ACE2) as a receptor for its entry process. Due to high ACE2
expression in respiratory, myocardial, and gastrointestinal epi-
thelial cells, the virus can give rise to a variety of symptoms at
these sites [5,11,12,15]. The most common gastrointestinal (GI)
tract symptoms include mild abdominal pain and diarrhea
[7,11,13]. Additionally, COVID-19 viral RNA has been
detected for a longer duration of time in the feces of patients
taking glucocorticoids compared with patients that are not, sug-
gesting these drugs prolong the virus’s presence in the GI tract,
potentially increasing the risk of local complications.
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Fig 1. Computed tomography image showing extensive pneuma-
tosis intestinalis and bowel wall thickening.

Fig 2. Coronal computed tomography image showing extensive
pneumatosis intestinalis and bowel wall thickening.

Fig 3. Coronal computed tomography image showing extensive
pneumatosis intestinalis and bowel wall thickening.
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CASE DESCRIPTION

A 39-year-old man was admitted to the emergency room with
fever, pain in the upper abdomen, nausea, and vomiting that
started a day before. The patient had undergone a kidney trans-
plant a year before due to kidney failure of unknown origin and
was taking immunosuppressants (tacrolimus, methylpredniso-
lone, and mycophenolate mofetil). Moreover, the patient was
taking acenocoumarol because of a mechanical aortic valve
replacement with repair of an ascending aortic aneurysm type 2
and implantable cardioverter defibrillator implantation under-
gone 2 years ago as secondary cardiac arrest prevention. On his
admission and upon examination, the patient’s abdomen was
bloated and painful but without muscle guarding.
In the laboratory findings, a urinary tract infection was diag-

nosed with elevated inflammatory markers (C reactive protein
125 mg/L, white blood cells 22.47 £ 109/L, procalcitonin 11.16
ng/mL), elevated creatinine (1.61 mg/dL) and bilirubin (1.83 mg/
dL) without elevated liver or pancreatic enzymes. An apparent
large intestine necrosis and perforation appeared on a computed
tomography scan (Fig. 1-3). According to the protocol, a nasopha-
ryngeal swab was performed; the patient tested positive for
COVID-19 in polymerase chain reaction test.
Because of radiological findings and the patient’s symptoms, the

decision was made to perform an explorative laparotomy. Intrao-
peratively, a pneumatosis of the right side of the colon and its mes-
entery was found without frank necrosis (Fig. 4-5). The patient
underwent a right hemicolectomy with side-to-side entero-intestinal
anastomosis. After treatment in the COVID unit, which included a
course of antibiotics, oxygen therapy, deep vein thrombosis pro-
phylaxis, antihemorrhagic treatment, and transfusion of blood prod-
ucts, a decrease in inflammatory markers and stabilization of
morphology was observed. After the surgery, the patient did not
experience any abdominal symptoms. A colonoscopy was per-
formed during his stay in the COVID unit, and no signs of pneuma-
tosis or necrosis were found. The patient did not develop
respiratory insufficiency. After 26 days he was discharged from the
hospital.



Fig 4. Intraoperative picture.

Fig 5. Intraoperative picture. Fig 7. Treatment algorithm of PI, based on Khalid et al. [1] PI,
pneumatosis intestinalis; CT, computed tomography.
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DISCUSSION

PI is a very rare condition among adults. It is defined as pres-
ence of gas in the wall of the GI tract. Pneumoperitoneum,
pneumoretroperitoneum, or gas inclusions can be present in the
portal vein [5-8]. The pathophysiology of PI is still unknown,
but a variety of theories have been proposed: the mechanical
theory (increase of intraluminal pressure causing mechanical
damage), pulmonary theory (alveolar rupture due to chronic
lung disease causing release of gas along the aorta and mesen-
teric arteries and into the intestinal wall), and bacterial theory
(aerogenic bacteria penetrating the mucosal barrier and produc-
ing gas) [1,3,4,6]. We have listed the diseases and conditions
that most strongly predispose patients to PI using the acronym
“TRAPInG” (Fig 6):

Transplantation (eg, bone marrow, solid organs, graft vs host)
Related to medications (eg, corticosteroids, chemotherapeutic

agents)
Fig 6. TRAPInG acronym, based on Khalid et al. [1]
Autoimmune (eg, lupus)
Pulmonary (eg, asthma, chronic obstructive pulmonary disease)
Infectious (eg, human immunodeficiency virus, cytomegalovirus,

COVID-19)
Iatrogenic (eg, endoscopy, barotrauma)
Idiopathic
Gastrointestinal (inflammatory bowel disease, colitis,

diverticulitis)

Despite the fact that this condition has been observed since
the 18th century, there are still no clear guidelines concerning
its diagnosis and treatment [1,4]. We should keep the possibility
of PI in mind in patients who have undergone solid organ trans-
plant, present abdominal symptoms, and have been diagnosed
with COVID-19 infection.
PI is usually asymptomatic, with a clinical spectrum raging

from benign to life-threatening. The most common symptoms
include mild abdominal pain, nausea, vomiting, and diarrhea
[1-4,7,9,10,11,13,14]. The life-threatening forms are related to
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mesenteric ischemia, bowel obstruction, and necrosis [4,6,10].
A therapeutic approach should be chosen based on the symp-
toms, physical examination of the patient, and laboratory and
radiological findings. If there are no indicators of a life-threaten-
ing form of PI, caregivers should choose a conservative
approach—NPO status, total parenteral nutrition, fluid and elec-
trolyte supplementation, empirical antibiotics, hyperbaric oxy-
gen, and observation [1-4,7,10,15].
A nonsurgical approach is usually sufficient, although in

some cases such as the one described in our study—in which
the patient was undergoing immunosuppression treatment, had
PI and infection with high inflammatory markers, and had a
fever—a surgical approach is necessary. On the basis of our
case, we recommend a decision-making algorithm presented by
Khalil at al. (Fig 7) [1].
CONCLUSION

Because of the possibility of COVID-19 infiltration through the
ACE2 receptors in the GI tract, we should keep the possibility
of PI in mind, especially in patients such as solid organ recipi-
ents who are taking glucocorticoids. Despite the difficulty of
diagnosis and uncertainty of treatment algorithms, PI can usu-
ally be treated by a conservative approach, but in cases of
severe PI, laparotomy and colon resection can be a safe option
for COVID-19−induced PI.
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