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Introduction

The current pandemic of corona virus disease 19 (COVID-19)
due to severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) has shown an ebb and flow pattern due to its
emerging variants of concern (VOC) causing repeated waves
of the pandemic. The SARS-CoV-2 is predominantly a respi-
ratory tropic virus leading to a spectrum of pulmonary ill-
nesses ranging from mild upper respiratory tract symptoms
to severe life-threatening pulmonary complications such as
acute respiratory distress syndrome (ARDS) from which the
virus derives its name. Using its spike (S) protein, the SARS-
CoV-2 attaches to the angiotensin-converting enzyme-2
(ACE-2) receptor. Another host protease, the transmembrane
serine protease (TMPRSS 2 and 4) helps cleave the viral S
protein and facilitates internalization of the virus inside host
cells [1]. Since the ACE-2 receptor is expressed widely
throughout the gastrointestinal (GI) tract, including the esoph-
agus, stomach, small and large intestine, liver, and pancreas,
not surprisingly, GI manifestations are not uncommon [2, 3].
Up to 20% of patients with COVID-19 might have GI symp-
toms including dysgeusia, nausea, vomiting, and diarrhea [4].
However, severe GI complications are rare [5].

In this issue of the Journal, Chaugale et al. and Hashim and
colleagues present unusual severe presentation of COVID-19
such as intestinal perforation and mesenteric ischemia [6, 7].
These complications, albeit rare, deserve to be explored in
more detail. Intestinal perforation and mesenteric ischemia
are potentially life-threatening and need a high degree of sus-
picion for an early diagnosis and effective treatment. This
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narrative review explores the epidemiology, pathogenesis,
clinical presentation, and management of these severe GI
complications of COVID-19.

Search strategy

A systematic review of literature was done on PubMed using
“intestinal perforation” OR “mesenteric ischemia” AND
“COVID-19” as keywords. The detailed search strategy is as
follows: (“perforant”[All Fields] OR “perforants”[All Fields]
OR “perforate”[All Fields] OR “perforated”’[All Fields] OR
“perforates”[All Fields] OR “perforating”[All Fields] OR
“perforation”[All Fields] OR “perforations”[All Fields] OR
“perforative”[All Fields] OR “perforator”’[All Fields] OR
“perforator s”[All Fields] OR “perforators”[All Fields] OR
“mesenteric ischemia”[All Fields]) AND (“COVID 19[All
Fields] OR “COVID 19”[MeSH Terms] OR “COVID 19
vaccines”[All Fields] OR “COVID 19 vaccines”’[MeSH
Terms] OR “COVID 19 serotherapy”[All Fields] OR
“COVID 19 serotherapy”[Supplementary Concept] OR
“COVID 19 nucleic acid testing”[All Fields] OR
“COVID 19 nucleic acid testing”[MeSH Terms] OR
“COVID 19 serological testing”[All Fields] OR “COVID 19
serological testing”’[MeSH Terms] OR “COVID 19
testing”[All Fields] OR “COVID 19 testing”[MeSH Terms]
OR “SARS-CoV-2"[All Fields] OR “SARS-CoV-2"[MeSH
Terms] OR “severe acute respiratory syndrome coronavirus
2”[All Fields] OR “NCOV”[AIll Fields] OR “2019
NCOV”[All Fields] OR (“coronavirus”’[MeSH Terms] OR
“coronavirus”[All Fields] OR “COV”[All Fields] AND
2019/11/01:3000/12/31[Date - Publication]).

The above strategy yielded 295 articles screened indepen-
dently by both authors. Only papers published in the English
language were reviewed. The references of these articles were
further searched for relevant literature.
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Epidemiology

Patients with COVID-19 have been reported to develop many
severe GI complications, including pancreatitis, Ogilvie syn-
drome, ileus, and perforation [8]. Non-COVID critically ill
patients admitted with ARDS have also been reported to de-
velop similar complications. However, in a propensity score—
matched analysis by El Moheb et al., it has been shown that
patients with COVID-19 are more likely to develop severe GI
complications as compared to those without COVID-19 (74%
vs. 37%; p < .001; incidence rate ratio, 2.33 [95% confidence
interval, 1.52-3.63]) [8].

Most of the literature on mesenteric ischemia in COVID-
19 is in the form of case reports or series without mention of
the denominator, making it difficult to get an idea about the
frequency of this complication. The best approximation can
be made from studies reporting abdominal imaging findings
among patients with COVID-19 (Table 1) [9-13]. In a sys-
tematic review on mesenteric ischemia in COVID-19 by
Serban et al., they reported that acute mesenteric ischemia
among patients hospitalized to intensive care unit (ICU)
varied between 0.22% and 10.5% [14]. These findings need
to be interpreted with caution because, in these studies,
abdomino-pelvic imaging was done only in the presence
of clinical clues in the form of GI symptoms and not rou-
tinely. Hence, these studies largely overestimate the true
prevalence. Moreover, the listed studies include hospital-
ized patients with COVID-19; the same frequency might
not hold for all patients with COVID-19. In this issue of
the Journal, Hashim and colleagues have reported two such
cases with GI thrombotic complications among the 3583

cases hospitalized with COVID-19 at their center [7].
Hence, mesenteric ischemia secondary to COVID-19 is
likely a rare complication. Intestinal perforation among pa-
tients with COVID-19 is also a rare occurrence. Various
studies reporting the incidence of GI perforation among
patients with COVID-19 have been summarized in
Table 2. The varying incidence from 0.5% to 2.8% might
be due to different patient characteristics and different treat-
ments offered as these are likely to impact the frequency, as
discussed later [9, 10, 15, 16].

Pathogenesis

The exact pathogenesis of COVID-19-induced vascular throm-
bosis is not clear. The purported mechanism of COVID-19-
induced vascular thrombosis has been invoked using
Virchow’s triad [17]. In a subset of patients infected with
SARS-CoV-2, the virus proliferation continues unabated either
due to inadequate immune response or excessive viral load lead-
ing to infection of the endothelium of the systemic vasculature
[17]. The SARS-CoV-2 attaches avidly to the endothelium via
ACE-2 receptor, which is abundantly expressed on its surface,
infecting them and leading to endothelial damage and
endotheliitis [18]. There is an associated increase in pro-
inflammatory cytokines such as interleukin-1 (IL-1), IL-6, and
tumor necrosis factor-alpha (TNF-«), and other procoagulant
factors such as factor VIII and von Willebrand factor (vVWF)
leading to a state of hyperviscosity [19, 20]. Presence of in-
creased microvesicles released from monocytes and platelets car-
rying tissue factor and phospholipid procoagulant moieties and

Table 1  Frequency of abdominal ischemic complications among hospitalized patients with corona virus disease 19

Author Sample size  Findings Comments

Bhayana et al. (2020) [9] 412 Bowel wall thickening in 12/412 (2.9%) CT done on clinical suspicion only in 42
Pneumatosis in 4/412 (0.97%) patients
Portal venous gas in 4/412 (0.97%)

Kaafarani et al. (2020) [16] 141 5 (3.5%) had bowel ischemia Two of them had perforation secondary

Goldberg-Stein et al. (2020) [10] 141

Bowel thickening in 12 (8.5%)

to microvascular mesenteric thrombosis

80 patients had some finding on abdominal CT

Arterial thrombosis in 3 (2.12%)

O’Shea et al. (2021) [11] 308 Bowel ischemia or infarction in 4 (1.3%)
Shiralkar et al. (2020) [12] 10 Colonic thickening in 2 (20%)

Norsa et al. (2020) [13] 1500+ Intestinal ischemia in 7

Hashim et al. (2022) [7] 3583 2 (0.05%) had ischemia or infarction

Chaugale et al. (2022) [6] -

2 out of 10 reported cases had intestinal gangrene

CT done on clinical suspicion only in 56
patients

CT done on clinical suspicion only

Exact denominator not mentioned in study

Of the two reported cases only 1 had intestinal
ischemia, and the other had aortic thrombus
and solid organ infarction

Both patients had the classically described
pattern of microvascular thrombosis

Denominator not mentioned in study

CT computed tomography
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Table 2  Frequency of bowel perforation associated with corona virus disease 19

Author Sample size  Findings

Comments

Estevez-Cerda et al. (2021) [15] 905

Kaafarani et al. (2020) [16] 141
Bhayana et al. (2020) [9] 412
Goldberg-Stein et al. (2020) [10] 141

Chaugale et al. (2022) [6] -

10 (1.1%) had gastrointestinal perforations

3 (2.1%) had gastrointestinal perforations
2 (0.48%) had gastrointestinal perforations
4 (2.8%) had gastrointestinal perforations

8 out of 10 reported cases had
intestinal perforation

Two of these patients had perforation related to
mesenteric thrombosis

Tocilizumab was given to 2 of those with
perforation

Two of them had perforation secondary to
microvascular mesenteric thrombosis

Both had perforation secondary to microvascular
mesenteric thrombosis

These patients had free air in peritoneum, no
histopathological details available

Denominator not mentioned in study

neutrophil extracellular traps (NETs) released from activated
neutrophils has also been hypothesized to contribute to the hy-
perviscosity [20]. The unabated increase in the levels of cyto-
kines leads to a cytokine storm eventually leading to multi-organ
failure. Thrombin formed as a result of the unchecked coagula-
tion cascade itself promotes inflammation via its action on
protease-activated receptor-1 [21]. Additionally, hospitalization
and immobilization contribute to vascular stasis. Furthermore,
mesenteric ischemia may occur as a result of hemodynamic com-
promise secondary to severe COVID-19 [15]. These mecha-
nisms may act individually or in combination to result in mesen-
teric ischemia (Fig. 1) [19].

Whether GI perforations arise secondary to intestinal ischemia
or direct injury to the bowel mucosa as a result of widespread
ACE-2 expression is still debatable [15]. Dexamethasone and
tocilizumab are two drugs that have been proven to be helpful
in a subset of patients with COVID-19 [22, 23]. Steroid use has
long been associated with an increased risk of GI perforation [24,
25]. Tocilizumab has also been associated with the risk of GI
perforation when used for patients with rheumatoid arthritis [26].
Although GI perforation has been reported among patients with
COVID-19 on tocilizumab, yet causality has not been proven
[27]. Baricitinib is a Janus kinase (JAK) inhibitor approved for
the treatment of COVID-19, which has been associated with an
increased risk of GI perforation and thrombosis [28]. Although
case series report an association between baricitinib and these
complications among patients with COVID-19, its causative role
is not firmly established [15].

Clinical presentation

Clinical presentation of acute mesenteric ischemia in COVID-19
varies from typical presentation as an acute abdomen to an inci-
dentally detected abnormality found on cross-sectional imaging
done because of increasing vasopressor requirement [29].

@ Springer

In a systematic review of 89 patients with acute mesenteric
ischemia due to COVID-19 by Serban et al., the mean age of
patients was 59.3 + 12.7 years with slight male preponderance
(61%) [14]. Most (70%) patients were hospitalized in ICU, and
the mean time from onset of COVID-19 to the diagnosis of
ischemia was 9.6 + 8.3 days [14]. A high body mass index
(BMI) was a risk factor for mesenteric ischemia. Among the
clinical symptoms, abdominal pain was the most common
symptom and was present universally. Fever was not a helpful
pointer of the complication since most hospitalized patients with
COVID-19 either already have fever or are receiving antipy-
retics. Other GI symptoms such as nausea, anorexia, vomiting,
and intolerance to feed are non-specific and poorly sensitive and
are present in only 30% to 40% of patients with mesenteric
ischemia [14]. Rarely, bleeding per rectum might be the present-
ing complaint [30]. In another study by Hwabejire et al.
reporting their 1-year experience of 20 patients with COVID-
19-associated mesenteric ischemia, the mean age was 58 + 7
years with 65% being males [29]. The mean time from admis-
sion to the diagnosis of mesenteric ischemia was 13 + 6 days.
Almost half the patients (45%) had improvement in respiratory
function by the time abdominal complications developed and
increase in vasopressor requirement (80%), abdominal disten-
sion (70%), and increase in the post-prandial gastric residue
(50%) were the major clinical features, which triggered targeted
abdominal imaging.

The clinical characteristics of patients with GI perforation
have been described by Estevez-Cerda et al. [15]. In their
series, the mean age of presentation was 61 years, 70% being
male [15]. The mean BMI was 29.2 kg/m? [15]. Of these
patients, 30% had diabetes, and 40% were hypertensive. The
mean time from admission to perforation diagnosis was 10.6
days. Half of these patients were on vasopressor support, and
nearly 80% were on mechanical ventilation [15]. In a study by
Kaafarani et al., all three patients (100%) with perforation had
ileus for which targeted cross-sectional imaging showed per-
foration [16]. These findings are similar to those reported by
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Chaugale et al. in this issue of the Journal in which most
patients with perforation were males (75%) and beyond the
6th decade of life (88%) [6]. The most common symptom was
abdominal pain (90%) followed by vomiting (40%) and in-
ability to pass stool and flatus (40%).

Evaluation

Contrast-enhanced computed tomography (CECT) of the ab-
domen, preferably computed tomography (CT) angiogram, is
the investigation of choice in patients with suspected mesen-
teric ischemia. In a systematic review of 75 patients describing
the abdominal imaging findings in patients with COVID-19-
associated mesenteric ischemia, Ojha et al. showed that small
bowel ischemia (46.7%) was more common than large bowel
ischemia (37.3%) [31]. Arterial thrombi were present only in a
quarter of patients, while venous involvement was seen in
20%. Solid-organ infarcts (19%), ascites (17%), and pneumo-
peritoneum (11%) were other prominent findings. Mural
thickening and bowel wall edema were seen in 50% of pa-
tients. The most common pattern of ischemia was non-
occlusive mesenteric ischemia (NOMI) (68%) [31].
Although CT scan is the gold standard investigation, it is
crucial to appreciate that many patients with COVID-19-
associated mesenteric ischemia are often too sick to mobilize
for a CT scan. A simple bedside X-ray of the abdomen is very
helpful in identifying pneumatosis intestinalis (42%) and por-
tal venous gas (33%) [29]. An important caveat is that
pneumatosis intestinalis could be an incidental finding in pa-
tients on mechanical ventilation [30].

In some studies, large mesenteric vessels such as celiac
artery, superior mesenteric artery, and inferior mesenteric ar-
tery have been largely (92%) patent [29]. This pattern is con-
sistent with the intraoperative findings of a well-vascularized
mesentery and histopathological finding of an inflammatory
ischemic injury of the small submucosal and lamina propria
vessels resulting in fibrin thrombi in these vessels [29]. This
pattern is consistent with NOMI described in other studies and
is largely different from thromboembolic mesenteric occlu-
sion in any critically ill patient [29].

In a series of patients with COVID-19-associated GI per-
forations, 8 (80%) were diagnosed on CT, 60% having pneu-
moperitoneum [15]. Two (20%) were diagnosed on plain X-
ray showing air under the diaphragm [15].

An increasing white blood cell (WBC) count has been de-
scribed as a non-specific marker of acute mesenteric ischemia.
Hwabejire et al. have reported that 90% of patients show an
increasing WBC count 48-h before the diagnosis, and one-
third even show a doubling of WBC during the same duration
[29].

D-dimer (97%) and C-reactive protein (79%) are acute
phase reactants that may be non-specifically raised among

patients with mesenteric ischemia [31]. Lactate levels are in-
sensitive and might also be raised non-specifically [29].

Management

The basic principles of management of acute abdomen in
such a setting remain the same as in a non-COVID setting;
these include fluid resuscitation, broad-spectrum antibi-
otics, resection of necrotic bowel, and revascularization if
necessary [30]. In a systematic review, Ojha et al. showed
that the majority (65%) of patients received surgical treat-
ment [31]. Endovascular management has not been used
frequently in these patients with COVID-19-associated
mesenteric ischemia probably because the predominant pa-
thology is NOMI. Rest were either managed conservatively
(30%) or with endovascular management (5%) [31]. There
was a 33% mortality among those managed surgically com-
pared to 50% mortality in those managed conservatively
[31]. Hwabejire et al. have described the surgical proce-
dures undertaken in detail [29]. In their experience, 85%
of patients need bowel resection on first exploratory lapa-
rotomy. Often in sick patients with doubtful bowel viability,
it is difficult to demarcate healthy bowel from bowel with
impending gangrene; in such cases, a second-look explor-
atory laparotomy helps [30]. For the same reason, they re-
ported leaving the abdomen open in nearly two-thirds of the
patients [29]. One-third of those who returned for 2" look
laparotomy needed re-resection in their experience. The de-
cision to do a primary re-anastomosis vs. diversion stoma
needs to be individualized based on the patient’s general
condition and demarcation, and condition of the residual
bowel. It has been reported that only half of the patients
could successfully undergo primary re-anastomosis, rest re-
quiring a diversion stoma [29]. Although therapeutic anti-
coagulation in the form of low molecular weight heparin
(LMWH) or unfractionated heparin (UFH) is given to these
patients, its role has been questioned. In the series by
Hwabejire et al., they reported that nearly 40% developed
thromboembolic complications despite being on a therapeu-
tic dose of anticoagulation [29].

Estevez-Cerda et al. have reported the detailed surgical
management of these patients with perforation in their series
[15]. Among the three patients with ascending colon perfora-
tion, all required right hemicolectomy, and primary anastomo-
sis. Among the four patients with proximal jejunal perforation,
three underwent resection and anastomosis while one under-
went primary repair. Among the two patients with terminal
ileal perforation, both underwent resection and anastomosis
[15]. In their experience, only one patient required the tempo-
rary closure of abdomen and relook laparotomy later due to
questionable bowel viability on first look [15].
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Fig. 1 Pathogenesis of
mesenteric ischemia in

corona virus disease 19:
Microvascular thrombosis
involving the submucosal vessels
of the bowel arises due to a
combination of direct endothelial
injury due to severe acute
respiratory syndrome
coronavirus-2 (SARS-CoV-2),
hyperviscosity result from an in-
flammatory milieu and increased
von Willebrand factor

(VWF) levels, and vascular stasis.
Direct injury of the bowel wall by
SARS-CoV-2, hypoxemia, and
hypotension play a contributory
role resulting in commonly a pat-
tern of injury characterized as
non-occlusive mesenteric ische-
mia on cross-sectional imaging
and pathology. /L interleukin,
TGF transforming growth factor,
GI gastrointestinal

t VWF

Prognosis

The prognosis of COVID-19-associated mesenteric ischemia and
GI perforation is grave. This high mortality might be partly be-
cause these complications often occur in patients with COVID-
19 who have multiple comorbidities, hemodynamic compro-
mise, and are often on mechanical ventilation and receiving a
cocktail of drugs predisposing to these complications. In a sys-
tematic review of COVID-19-associated mesenteric ischemia,
Ojha et al. reported an overall mortality of 43%, 33% in those
managed surgically, and 50% in those managed conservatively
[31]. Other surgical series have also described high mortality of
50%, increasing to 100% in those over 65 years of age [29]. The
mortality is also dependent on the type of ischemic pattern. The
NOMI pattern, which is by far the commonest pattern described
in COVID-19, has higher mortality, close to 66%, compared to
20% in those with venous thrombosis [14]. A similar high mor-
tality close to 50% has been demonstrated among patients with
GI perforation [15].

Apart from causing well-known life-threatening pulmonary
complications, the SARS-CoV-2 also causes critical GI com-
plications, including perforation and ischemia, which are life-
threatening, albeit rare. These complications often arise among
hospitalized COVID-19 patients beyond their sixth decade and
are multifactorial in origin. Prompt recognition among patients
with new-onset abdominal pain, ileus, feeding intolerance, and
worsening laboratory parameters is critical. Although CT scan
is the investigation of choice, a simple bedside X-ray may suf-
fice for certain patients too sick for transport to the radiology
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department. Most patients with ischemia have patent major
vessels indicating a NOMI arising as a result of microvascular
thrombosis documented in multiple series [9, 16, 29].
Perforation may occur de novo or in association with ischemic
injury. There is no consensus on the management of these pa-
tients, but fluid resuscitation, broad-spectrum antibiotics, and
surgical resection of the affected segment are the cornerstones
of management. An individualized decision needs to be taken
for primary closure or need for a relook laparotomy among
patients with questionable viability on first surgery. Despite
early recognition and surgical treatment, mortality remains un-
acceptably high among these patients.
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