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Abstract

disease.

treatment and reduce the mortality.

Background With the prevalence of coronavirus disease 2019 (COVID-19), many severe cases have been discovered
worldwide. Here, a case of concurrent pneumomediastinum, pneumoretroperitoneum, and intestinal perforation was
reported. This case was the first report on COVID-19-induced related complications.

Case presentation A 74-year-old female patient was hospitalized for COVID-19. Air leakage was unexpectedly
found during imaging reexamination. Considering the unobvious subjective feeling of the patient, a conservative
treatment was given at the early stage, and finally, sigmoid colon perforation was surgically confirmed. The family
gave up the treatment at last, because the patient could not be taken off the ventilator. Coincidentally, the patient
also had abnormal renal anatomical position. This situation led to an abnormal air leakage direction and the atypical
manifestations of peritonitis. It was also one of the important reasons for the delayed diagnosis and treatment of the

Conclusions Clinicians should be vigilant for spontaneous gastrointestinal perforation in patients with COVID-19,
particularly those undergoing treatment with glucocorticoids and tocilizumab. The case is shared to highlight this rare
and fatal extrapulmonary manifestation of COVID-19 and further assist clinicians to raise their awareness and timely
implement imaging investigation and multidisciplinary intervention so as to facilitate early discovery, diagnosis and
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Background

In the recent century, coronavirus disease 2019 (COVID-
19) is the most serious infectious disease in the world.
The disease mainly involves the respiratory tract, but the
manifestations beyond the respiratory system are not
uncommon [1].The viruses can invade many systems and
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organs, such as heart, kidneys, digestive tract, nerves,
blood, skin, eyes, endocrine secretion, sex hormones,
muscles and bones. Gastrointestinal involvement is the
most common, which can lead to bellyache, diarrhea,
gastrointestinal hemorrhage, and even gastrointestinal
perforation and peritonitis [2].Gastrointestinal mani-
festations may be the only symptom of mild patients
or the complication of severe patients. With the virus
variation, extrapulmonary involvement is a field wor-
thy of active research. Post-COVID-19 air leakage is
uncommon, whereas COVID-19-associated pneumotho-
rax, pneumomediastinum, subcutaneous emphysema,
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pericardial emphysema, and pneumoperitoneum have
been relatively reported [3, 4]. To the authors’ knowl-
edge, multisite-combined air leakage is very rare, with
high mortality. In the present case, a patient with spon-
taneous pneumomediastinum combined with pneumor-
etroperitoneum was admitted in our hospital during the
ongoing pandemic of COVID-19 in early 2023. No clear
perforation of abdominal organs was found in the early
examination. After conservative treatment was adminis-
tered, the disease progressed and was finally confirmed
as sigmoid perforation through surgery. Concealed intes-
tinal perforation was caused by COVID-19, and pneumo-
mediastinum and pneumoretroperitoneum were the first
manifestations in the early stage. The best opportunity to
perform the operation was delayed due to the misjudg-
ment of the cause. This case was reported to warn clini-
cians, so that similar cases could be found, diagnosed,
and treated early in the future.

Case presentation

A 74-year-old female patient with a history of rheumatic
polymyalgia and aortic valve surgery had been receiv-
ing glucocorticoid, immunomodulator, and warfarin
therapy for an extended period. The patient presented to
the hospital with chest distress and shortness of breath
after exercise for 2 weeks, but without any obvious symp-
toms such as cough, expectoration, fever, abdominal
pain, or diarrhea. A severe acute respiratory syndrome
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coronavirus 2 (SARS-CoV-2) antigen was found to be
positive in a nasal swab at the early stage of the disease.
During physical examination, lip cyanosis was observed,
no rales were detected in both lungs, mechanical valve
sounds were audible in the auscultation area of aortic
valves, and no positive signs were noted in the abdomen.
Upon hospitalization, the patient’s laboratory results
showed a white blood cell (WBC) count of 5.6x10°/L, a
C-reactive protein (CRP) of 78.9 mg/L, an arterial oxygen
partial pressure (PaO,) of 40.7 mmHg, a carbon dioxide
partial pressure (PaCO,) of 31.8 mmHg, a lactic acid of
1.9 mmol/L, a D-dimer level of 0.51 mg/L, and a lactic
dehydrogenase (LDH) level of 752.9 U/L. Chest com-
puterized tomography (CT) revealed diffuse and patchy
high-density image in both lungs, with slight pleural effu-
sion (Fig. 1-A). The drug treatment administered was
comprehensive, encompassing oxygen inhalation, moxi-
floxacin hydrochloride, ambroxol hydrochloride, and
additional supportive management measures. Notably,
the patient did not report feelings of chest tightness after
the oxygen flow rate was escalated to 4 L/min. At this
point, the P/F ratio was recorded as 110 mmHg. Given
the critical nature of the patient’s condition, Methylpred-
nisolone was introduced, initially at a dosage of 80 mg/
day for the first week, which was subsequently tapered
down to 20 mg/day. Additionally, Tocilizumab was
administered in a single dose of 400 mg. Importantly, the
patient did not require the use of inotropes during this

Fig. 1 CT scans of thorax and abdomen. A: Diffuse and patchy high-density image in both lungs, with slight pleural effusion at the beginning of admis-
sion (white arrow). B: Pneumomediastinum in the second week (white arrow). C: Pneumomediastinum had been absorbed in the third week (white
arrow). D: Pneumoretroperitoneum in the second week (white arrow). E: Multiple free gases in the abdominal and pelvic cavity, but no ascites were
detected. Free air around the sigmoid colon(white arrow). F-1: Exudate, effusion, and free gas near the descending colon and sigmoid colon (arrow 1).

F-2: Congenital left kidney displacement (arrow 2)
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period. In the first week of hospitalization, the dosage
of methylprednisolone was reduced from 80 mg/day to
40 mg/day with the improvement of symptoms and the
absorption of lung inflammation. In the second week,
the patient complained of fatigue and accepted CT reex-
amination. Surprisingly, pneumomediastinum (Fig. 1-B)
and pneumoretroperitoneum were observed (Fig. 1-D).
Further refined abdominal enhanced CT found multiple
free gases in the abdominal and pelvic cavity, including
around the sigmoid colon, but no ascites were detected
(Fig. 1-E).The possibility of digestive tract perforation
was considered at first, but the patient did not exhibit
any digestive tract symptoms or abdominal signs. As a
precautionary measure, thoracic and gastrointestinal
surgeons were invited to make joint diagnosis and treat-
ment. Finally, air leakage was considered to have possibly
originated from patient self-inflicted lung injury (P-SILI),
so conservative treatment was adopted. Our treatment
plans were to give cefoperazone sodium and sulbactam
sodium for anti-infection (later changed to imipenem
and cilastatin sodium), esomeprazole magnesium for
preventing upper gastrointestinal bleeding, enoxaparin
sodium for anticoagulation, methylprednisolone sodium
for anti-inflammation, nutritional support with com-
pound amino acid, and potassium chloride and sodium
chloride for maintaining the electrolyte balance on the
basis of fasting. The patient’s condition improved in the
third week. In the fourth week, the patient suddenly
suffered from left lower abdominal pain, and CT reex-
amination showed that pneumomediastinum had been
absorbed (Fig. 1-C), but exudate, effusion, and free gas
were found near the descending colon and sigmoid colon
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(Fig. 1-F). Once again, a multi-disciplinary discussion
was organized to evaluate the condition of the disease,
followed by sufficient communication with her family
members. Then, a surgical treatment was performed after
obtaining consent from the patient. During the opera-
tion, sigmoid colon perforation concurrent with sur-
rounding tissue infection was confirmed. A large amount
of pus was found in abdominal cavity, pelvic cavity, and
retroperitoneal cavity. The middle and lower segments
of the descending colon turned black with pus attached.
The surgeons conducted multiple surgeries, including a
partial colectomy, intestinal adhesiolysis, the creation of
a colostomy, and flushing of the abdominal cavity. The
surgical pathology report indicated the presence of puru-
lent inflammation on the serosal surface of the descend-
ing colon wall. However, the patient could not be taken
off the ventilator after the operation, and finally, the fam-
ily decided to discontinue treatment. The timeline of all
events is shown in Fig. 2.

Discussion and conclusions

COVID-19 is a global epidemic disease, and the infected
people have different manifestations [5]. As a rare com-
plication, air leakage is common after positive pressure
ventilation, but it can also occur spontaneously [6]. The
patient in the present case did not accept any iatrogenic
intervention that could lead to air leakage before pneu-
momediastinum and pneumoretroperitoneum were
discovered. The direction of air leakage was initially con-
sidered as lung — mediastinum — retroperitoneum on
a theoretical basis of the Macklin effect [7] and P-SILI
[8]. The Macklin effect refers to the linear air collection
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Fig. 2 Timeline of the clinical manifestations exhibited by the patient
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near the bronchovascular sheath. Some scholars believe
that the Macklin effect has high accuracy in predict-
ing pneumomediastinum and pneumothorax in patients
with COVID-19 [9], especially when the lungs are heav-
ily involved, which may be an important potential fac-
tor for air leakage [10]. Meanwhile, COVID-19 leads to
P-SILI, which is a phenomenon that refers to high respi-
ratory motility, followed by increased lung stress and
strain, uneven distribution of ventilation, and mismatch
of ventilation and blood flow. Non-intubated patients
with spontaneous respiration may have a predilection for
P-SILI [11]. The cytokine storm triggered by P-SILI and
COVID-19 leads to diffuse alveolar injury, so the alveoli
rupture more easily [12].The lung image of the patient
was reviewed again and no typical Macklin effect was
found. Therefore, we were more inclined to P-SILI as the
cause of air leakage in the early stage of the disease. And
porous diaphragm syndrome can explain the passage of
air from the thorax to the abdomen.This was also the rea-
son for the pneumoperitoneum. Surgery was unneces-
sary in this situation [13]. The possibility of hollow organ
perforation could not be completely ruled out. Pneumo-
peritoneum after perforation often occurs near the per-
foration site [14]. And the patient’s abdominal CT also
did indicate free air around the sigmoid colon.However,
the patient did not show any active signs of peritonitis or
intestinal perforation, and conservative treatment could
be an acceptable treatment strategy.The willingness of
the patient and her families was also crucial. They har-
bored significant concerns regarding surgical treatment.
Conservative management was implemented on the
basis of the above pathological mechanism and success-
ful cases of non-surgical treatment. The later evolution
of the disease serves as a reminder that the air leakage in
this patient may have originated from intestinal perfora-
tion.The manifestations of intestinal perforation in this
patient are significantly different from those reported
by other scholars. This patient had no typical symptoms
of pneumoperitoneum or peritoneal irritation. Air leak-
age was accidentally found in routine chest imaging, and
mediastinal emphysema and retroperitoneal emphysema
occurred simultaneously. The occurrence of which may
be related to the following mechanisms. The virus can
bind to the angiotensin converting enzyme 2 receptor in
the gastrointestinal epithelium to invade the intestinal
mucosa and affect the homeostasis of gastrointestinal
microflora [15]. The bacterial diversity of patients with
COVID-19 was significantly reduced compared to the
healthy population. This reduction of beneficial symbi-
otes was accompanied by a significant increase in oppor-
tunistic pathogens [16]. Many studies have indicated the
crucial immunological relationship between the intes-
tinal microbiota and the lungs, which has been termed
the “gut-lung axis” A compromised intestinal immune
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system can further influence the respiratory tract [17,
18]. The hypercoagulable state is also a reason worth
mentioning. It is considered as one of the four vicious
feedback cycles (the viral loop, the hyperinflammatory
loop, the non-canonical renin-angiotensin system axis
loop, and the hypercoagulation loop) in the pathogenesis
of COVID-19 [19]. Some scholars have reported intes-
tinal perforation associated with COVID-19 and found
that histopathological examination of excised specimens
revealed inflammatory cells accompanied by edema and
vascular thrombosis [20]. In this study, a large num-
ber of inflammatory cells and severe congestion of the
mucosa were also observed on the serosal surface of the
descending colon. The virus may induce mass endothe-
lial ischemia, extensive blood coagulation disorders, and
complement-induced thrombosis, coupled with factors
such as old age, bed rest, and basic diseases concurrent
with autoimmune diseases, which may lead to systemic
microangiopathy and thromboembolism [21]. Finally, the
occurrence of intestinal perforation is jointly promoted
by non-negligible drug factors. Monoclonal antibod-
ies and steroid hormones are often used to alleviate the
inflammatory storm of patients and reduce the risk of
destructive multi-organ dysfunction [22]. However, such
drugs conceal the symptoms of infection while exert-
ing anti-inflammatory action. Many studies have shown
that tocilizumab can increase the risk of gastrointestinal
perforation, which can be especially higher when steroid
hormones are used simultaneously [23]. Most of the per-
foration associated tocilizumab occurred in the lower
digestive tract [24]. The specific mechanism remains not
completely clear, but diverticulitis has been considered
a risk factor [23]. The British Society for Rheumatology
recommends that patients who take steroids with a his-
tory of diverticulum should be cautious in using tocili-
zumab. Coincidentally, these factors were manifested in
our patient. The risk of gastrointestinal perforation was
significantly aggravated by COVID-19 and the combined
use of drugs. Another notable detail that this patient
had congenital left kidney displacement (Fig. 1-F-2).
The ectopic kidney led to local discontinuity of the ret-
roperitoneum, and the gas after perforation entered the
retroperitoneal space through the defect of the retro-
peritoneum, which also makes the symptoms and signs
of perforation less obvious. This situation seriously inter-
feres with the doctor’s observation line of sight. Most
importantly, gastrointestinal perforation needs to be
solved through surgical intervention in most cases, but
choosing whether to operate is difficult in patients with
COVID-19. The risk of surgery and the other complica-
tions caused by it, especially the recurrence of lung dis-
eases, are issues that surgeons have to consider .

This case was the first report on COVID-19-in-
duced intestinal perforation, which further led to
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pneumomediastinum and pneumoretroperitoneum. The
risk of such complications is aggravated after COVID-
19 for critically ill patients with basic diseases. Attention
should always be paid to the complications related to air
leakage because they can be easily concealed by the con-
dition of COVID-19. Efforts should be given to dynami-
cally observe the changes in physical signs and timely
complete lung and abdominal imaging examinations.
Especially for critically ill patients, an early-stage definite
diagnosis is conducive to making timely and correct ther-
apeutic decisions to improve their prognosis and increase
the success rate of treatment.
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