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Abstract

Background: 16-66% of COVID-19 positive patients may have abdominal symptoms and findings in abdominal CT. The yield
of abdominal CT scan in patients having abdominal complaints is not known.

Objectives: The aim of this study was to explore the various abdominal imaging manifestations of COVID-19 and COVID-19
associated Mucormycosis (CAM) and to identify the relevant clinical and laboratory features associated with severity of the
symptoms.

Methods: A retrospective single centre observational study was performed at a tertiary care hospital in Northwest India. All
consecutive patients who had COVID positive RT-PCR report and had undergone abdominal Computed Tomography scan
from March 2020 to November 2021 for various abdominal complaints were included. Demographic data, CT images and re-
ports and all relevant lab parameters were collected.

Results: Out of 75 patients, positive abdominal findings were seen in 65 patients. Hepatobiliary findings were seen in 41.3% (31
of 75; OR=1.9) and bowel abnormalities were found in 37.3% (28 of 75; OR=2.1) of COVID-19 patients. 7 patients who had
renal infarcts or bowel ischemia were found to have COVID-19 associated Mucormycosis on histopathology.

Conclusion: Chest CT severity score was positively correlated with most of the abdominal manifestations in patients requiring

1CU admission. Elevated D-dimer levels were significantly associated with abdominal symptoms.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
that originated in 2019 still continues to present as an on-
going global threat in 2022. It is caused by an RNA virus
belonging to the Corona viridae family'.

Common clinical features include fever, cough, and my-
algial,2. It can affect various other organs like lungs, kid-
ney, heart, muscles and lead to serious complications like
sepsis and disseminated intravascular coagulation (DIC)?.
Although lung injury is most common, Gastrointestinal
(GI) symptoms and complications are also been increas-
ingly seen in these patients™”. SARS-CoV-2 is transmit-
ted via respiratory droplets®. COVID-19 associated Mu-
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cormycosis (CAM) has been unmasked in this ongoing
pandemic and has significantly increased morbidity in
patients. Endothelial injury, impaired blood glucose and
increased free iron in COVID-19 patients favours growth
of mucormycosis. Being an angio-invasive organism, it
causes endothelium damage leading to vascular occlusion
and end organ ischemic changes”'’. Abdominal organ in-
volvement is rare, however, if it occurs, it has poor prog-
nosis'"'".

COVID-19 patients with more severe gastrointestinal
symptoms are prone to have worse outcome (more days
of hospitalisation / death / need of mechanical ventila-
tion)'*". The aim of this study was to explore the various
abdominal imaging manifestations of COVID-19 and
CAM in an Indian population and to identify the rele-
vant clinical and laboratory features associated with those
findings as well as their association with severity of the
symptoms.
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Materials and methods

Patients

This was a retrospective single centre observational study
performed at tertiary care hospital in Northwest India.
Institutional review board approval was obtained for the
study. Inclusion criteria were patients with positive RT-
PCR report who had undergone abdominal Computed
Tomography (CT) scan from (March 2020 to November
2021) for various abdominal complaints.

Image acquisition

CT scans were performed on either Somatom Drive Dual
Energy 256 Slice Multi Detector CT Scanner (Siemens
Healthcare GmbH, Germany) or Somatom Definition
Flash 128*2 Slice Multi Detector CT scanner (Siemens
Healthcare GmbH, Germany) depending on the avail-
ability and policies of the department.

Data collection and image analysis

Demographic data, CT images and reports and all rel-
evant laboratory parameters were collected. All imaging
studies were interpreted in a clinical setting by trained ab-
dominal radiologist and two general radiologists.

Statistical analysis

Demographic, clinical, and imaging data from patients
admitted in the ICU were compared with those of non-
ICU patients using univariable statistical tests, including
independent t tests, Chi square tests, and Fisher exact
tests. Odds Ratio was also calculated for all the abdominal
manifestations of COVID-19 to suggest the likelihood in
ICU and non-ICU patients.

Results

Patient characteristics and imaging

The flow of patients in our study is shown in Figure 1. A
total of 75 patients underwent abdominal CT imaging in
our institution during the study period, and of these, 49
patients (65%) were admitted to the ICU. Abdominal im-
aging findings were more common in patients admitted in
ICU than non-ICU patients. Table 1 enumerates the in-
dications for doing CT scan of abdomen for the patients
with various complaints. The most common indications
for CT were abdominal pain followed by abdominal dis-
tension.

Total patients
(n=75)

J

XE

ICU Non-ICU

(n=49) (n=26)
Male Female Male Female
(n=35) (n=14) (n=16) (n=10)

Figure 1: Flow chart demonstrating the patient distribution in our study.
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Table 1: Summary of indications for CT Abdomen in COVID-19

Indications

Number of patients (n= 75)

Gastrointestinal system
*  Abdominal pain
*  Abdominal distension
¢ Melena
*  Vomiting
Excretory system
¢ Decrease urine output
¢ DPus cell in urine
Respiratory system
*  Poor saturation
¢ Hemoptysis

Others
¢ Metastatic workup
*  Sepsis
*  Deranged LFT
*  Fever

¢ Post abdominal surgery

53 (70.6)
52

10
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CT findings

Table 2 illustrates the list of various abdominal imaging
findings. Out of 75 patients, positive abdominal findings
were seen in 65 patients. Hepatobiliary manifestations
were the most common abdominal findings, seen in the
form of hepatomegaly (25 out of 75) and hepatic steato-
sis (19 out of 75). One patient showed features suggesting
ascending cholangitis. Bowel abnormalities were the sec-
ond most significant abdominal findings, found in 37.3%
(28 of 75) of abdominal CT images and were associat-
ed with ICU admission (OR= 2.1; p = .21). Bowel wall
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thickening (bowel wall thickening on CT was considered
if single wall thickness is >3 mm in distended loops and
>5mm in collapsed loops)7 was identified on 24% (18 of
75) of CT images (Figure 2) and included small-bowel
thickening (n = 13) and colorectal thickening (n = 11).
Among these 18 patients, 6 patients had both small and
large bowel thickening, Bowel wall ischemia was seen in
12 of 75 patients (16%) and showed a significant pre-
ponderance to patients admitted in ICU than non-ICU
patients (p=0.04; OR=7.2). Vascular thrombosis (SMA,
SMV and their branches) was seen in 8 of the 12 cases.

66



Table 2: Summary of CT abdominal findings in ICU & Non-ICU patients with COVID-19.

Parameter ICU (49) | Non-ICU (26) | p value | Odds ratio

Liver findings 23 8 0.22 1.9
*  Hepatomegaly 19 6 0.21 2.1
¢ Hepatic steatosis 13 6 0.78 1.2
¢ Periportal edema 1 2 0.27 0.25

Gastrointestinal tract findings 21 7 0.21 2.1
*  Mural thickening 14 4 0.26 2.2
»  Small bowel thickening 10 3 0.52 1.9
» Large bowel thickening 9 2 0.31 2.7
*  Bowel wall ischemic changes 1 1 0.048 7.2
» Reduced enhancement 11 1 0.048 |72
» Imperceptible thin wall 6 1 0.41 3.48
»  Perforation 5 0 0.16
» Pneumatosis intestinalis 3 0 0.54
¢ Small and large bowel Obstruction 9 3 0.52 175
»  Tleus 3 1 1 1.63
*  Fluid filled colon 7 1 0.24 417
*  Retained colonic stool 3 2 1 0.84
¢ Acute appendicitis 1 0 1

Biliary tree finding 7 3 1 1.3
*  GB distension 3 2 1 0.78
*  Mural edema/wall thickening 2 1 1 1.06
*  Biliaty dilation 2 0 0.54
*  Cholangitis 1 0 1

Pancreatic findings 4 1 0.65 2.22
¢ Acute interstitial pancreatitis 2 1 1 1.06
*  Acute necrotizing pancreatitis 2 0 0.54

Splenic findings 9 4 1 1.23
¢ Splenomegaly 6 3 1 1.07
*  Splenic infarcts 3 1 1 1.63

Excretory system findings 17 6 0.43 1.77
¢ Peri nephric fat stranding 17 0 0.43 1.77
*  Renal infarcts 8 1 0.15 4.8
¢ Urinary bladder findings 5 1 0.65 2.84
»  Peri-vesical fat stranding 3 1 1 1.63
»  Mural thickening 2 1 1 1.06

Vascular findings 14 2 0.04 4.8
*  Arterial occlusion 13 2 0.07 4.3
*  Venous thrombosis 4 0 0.29

Peritoneal findings: 18 8 0.8 1.3
*  Mesenteric fat stranding 18 8 0.8 1.3
*  Ascites 17 6 0.8 1.3
*  Peritonitis 5 1 0.65 2.84
*  Freeair 5 0 0.16

COVID-19 associated Mucormycosis 6 1 0.43 3.48

No significant abdominal findings 5 5 0.3 0.48
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Figure 2: (A) Axial CECT abdomen image showing ileal thickening (thin white arrow) with surrounding mesenteric fat strand-
ingin case of 52-year male with diffuse abdominal pain. (B) Coronal CECT image showing long segment thickening of proximal
transverse colon (thick white arrow) in a 65-year-old male with melena. (C and D) Sagittal and axial sections of CECT abdomen
in a 55-year-old male shows diffuse rectal wall thickening and fluid filled colon (white asterisks). Diffusely thickened urinary
bladder wall is also seen (black arrow).

The most common finding associated with ischemia was
reduced wall enhancement in post-contrast study. Pneu-
matosis intestinalis was identified in 3 cases (Figure 3).
Five patients in ICU (10%) had perforated small bowel
(confirmed on CT scan), as evidenced by intraperitoneal
free air. Patients admitted in the ICU were more likely to
have this finding as compared to non-ICU patients (65%
vs 23%, p = .04). Dilated bowel loops were noted in 16%
(12 of 75) of cases. Dilated large bowel loops with faecal
loading/ait-fluid level was noted in 5 patients due to par-
alytic ileus. Acute pancreatitis was seen in 5 cases (Figure
4). Twelve patients (16% of CT findings) had evidence of
acute infarction in at least one solid organ (renal, splenic)

with majority in ICU (OR=3p= 0.1). Vascular thrombot-
ic occlusion (SMA, SMV and their branches) was seen
in 21% of patients (16 out of 75) with a significantly in-
creased likelihood in ICU patients compared to non-ICU
patients (OR=4.3, p=0.04). 7 patients who had renal in-
farcts or bowel ischemia were found to have COVID-19
associated mucormycosis (Figure 5) on histopathology
which is enumerated in Table 3. Other abdominal CT
findings included perinephric & perivesical fat stranding
with thickened urinary bladder wall suggesting inflamma-
tion. Mesenteric findings were seen in 26 patients in the
form of mesenteric fat stranding, ascites and peritoneal

air.

Figure 3: 70-year-female COVID positive with abdominal pain and distension. Lab parameters showed raised TLC, CRP &
D-dimer. (A) Axial post-contrast CT shows dilated bowel loops with multiple air-fluid levels (white arrows) and presence of
intramural air (arrow head) suggestive of pneumatosis intestinalis. (B) Sagittal image in arterial phase shows non opacification of

SMA (white arrow) suggestive of thrombosis.

Figure 4: 40-year-male COVID positive with severe abdominal pain: CT scan shows bulky pancreas
which is replaced by necrotic material suggestive of necrotizing pancreatitis (arrows).

African Health Sciences, Vol 23 Issue 4, December, 2023
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Figure 5: 36 years non diabetic female presented with severe abdominal pain with raised TLC, serum creatinine and D-dimer.
(A and B) Coronal CECT sections show complete non- enhancement of right kidney (solid white arrow) with perinephric fat
stranding and long-segment thickening and hypo-enhancement of ascending colon (solid white arrow) with peri-colonic fat
stranding suggesting ischemic changes. Histopathology done on operative specimen showed angio-invasive fungal profiles sug-

gesting mucormycosis.

Table 3: Summary of findings of COVID-19 associated Mucormycosis

COVID-19 associated Mucormycosis | Number of patients (n=7)

Renal infarct

Bowel ischemic changes

Arterial occlusion

Venous thrombosis

6

5
5
2

Table 4: Summary of research studies on abdominal CT findings in COVID-19

Author

Year

Sample size

Conclusion

Goldberg-Stein Setal s | 2020

141

57% cases had abdominal findings; bowel wall mural
thickening was the most common finding.

Bhayana R et al - 2020 |42 43% cases had abdominal findings; bowel
abnormalities and gallbladder bile stasis were common
findings in ICU patients.

Batkmeier DT et al 2020 |43 16% cases had abdominal findings; bowel
inflammatory change was the most common findings.

Abdelmohsen MA et als | 2020 | 30 30% cases had abdominal findings; Ischemic and
inflammatory bowel changes were more common.

Shiralkar K et al» 2020 |10 42% cases had abdominal findings; Gastric and bowel
wall abnormalities were more common.

Lei Petal 2020 | 115 26% cases had liver findings; Liver hypodensity and
pericholecystic fat stranding were commonly seen.

Horvat N et ale 2021 |81 55% cases had abdominal findings; Intestinal
distension was the most common finding.

Funt S. A. et alv 2021 | 597 45% cases had abdominal findings; Inflammatory
findings were mote common.

Patel RK et al” 2021 |15 60.7% cases had abdominal findings; Biliary stasis and
bowel involvement were the common findings in
COVID-19.

Taya M et al» 2021 |63 22.2% cases had abdominal findings; Thickening of
the bowel or fluid-filled colon was commonly seen.

Tirumani SH et al» 2021 |72 18.1% cases had abdominal findings; Fluid-filled
colon was most common finding,

Vadvala HV et al» 2021 |45 46.7% cases had abdominal findings; Cholestasis,

hematoma and vascular occlusion wete seen.
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Table 5: Summary of laboratory parameters in COVID-19

Parameter With positive CT | Without positive CT | p value
finding (n =65) findings (n=10)

Deranged LFT- 31 6 1

Deranged KFT + | 28 4 0.73

D dimer+ 31 6 0.01

11-6 29 6 0.17

Ferritin @ 27 5 0.7

* In 64 patients with available data; + In 66 patients with available data; # In 41 patients with available
data; * In 44 patients with available data; @ In 48 patients with available data

Table 6: Correlation of vatious systemic/organ manifestations
of abdominal COVID with pulmonary severity

Severe CTSI | Mild to moderate p value

(>15n=19 | CTSI(</=15) n= 56
Hepatobiliary system 12 23 0.11
Pancreas 1 4 1
Gastrointestinal system 12 16 0.01
Excretory system 10 13 0.02
Vascular system 8 8 0.02
Peritoneal findings 10 16 0.09

Discussion

COVID-19 is a multisystem disease, most commonly
affecting the respiratory system. Abdominal manifesta-
tions involving the bowel and liver have been reported
frequently in patients with COVID-19 *7.

In the last two years, since the beginning of pandemic, a
number of studies on abdominal imaging in COVID-19
have been performed in various institutions across the
world with varying sample sizes. A list of the various
original research works with at least 10 or more sample
size with their study characteristics and conclusions is
enumerated in Table *.

Bowel abnormalities are quite common in COVID-19
patients and mainly seen as mural thickening and bow-
el ischemic changes®”'*?*. Possible explanations for the
bowel findings in patients with COVID-19 is high con-
centration of ACE-2 surface receptors in enterocytes of
small intestine, and vascular endothelium, making them
susceptible for direct viral injury’. In our study, bowel
wall thickening was the most common bowel abnormality.
This was concordant with many past studies®!*!717202224,
Small bowel thickening (n=13) was seen in more patients
than colorectal thickening (n=11). A systematic review
of 47 studies done by Ojha V et al. concluded showed
similar results®. Bowel wall ischemic changes were more

African Health Sciences, Vol 23 Issue 4, December, 2023

common in ICU patients and patients with higher CT
severity index (p=0.01)"">*. Bowel perforation leading
to pneumoperitoneum was seen in 5 patients, further in-
creasing morbidity and mortality. Vascular occlusion was
seen in 62% patients with bowel ischemia, in contrast to
study done by Ojha et al that described non occlusive
mesenteric ischemia as the most common pattern of
bowel involvement®. In our study, raised D-dimer was
found to be associated with ischemic bowel findings. Hy-
percoagulable state can significantly increase morbidity in
COVID-19 by causing vascular occlusion leading to end
organ ischemia and can be evaluated by serial monitoring
of D-dimer**”. Small and large bowel obstruction was
seen in 12 patients (16%) secondary to mural thickening,
bowel ischemia or functional ileus. 4 out of 12 patients
did not have any transition point suggesting ileus that can
be due to dysregulation of autonomic control of colonic
motility”*. In our cohort, most of the patients who had
bowel involvement presented with abdominal pain. 2 out
of 4 patients who had melena were found to have bowel
wall thickening while 1 patient had bowel ischemia. Fluid
filled colon was seen in only 8 patients that signifies diar-
rhoea in COVID-19 patients. This is in concordance with
study done by Goldstein et al but in contrast with that of
Bhayana R et 2. Since bowel abnormalities have signifi-
cant association with severe pulmonary disease (p=0.01),
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if critically ill patients develop abdominal symptoms, then
they should be promptly evaluated and an abdominal CT
scan is invaluable in identifying the possible cause.

Hepatobiliary system involvement was the most common
abdominal finding (after bowel abnormalities) in our co-
hort in contrast to some past studies. Hepatomegaly was
seen in 33% of patients which could be due to direct
viral mediated hepatitis®. Similarly hepatic steatosis was
also seen in significant number of patients. Both these
findings are in concordance with study done by Lei et
al’’. Hepatic involvement showed no significant differ-
ence between ICU and non-ICU patients (p=022). Gall
bladder distension suggesting cholestasis and gall bladder
wall thickening was also seen in our cohort similar to past
studies®’. One case of cholangitis was seen in our study
in a patient with severe abdominal pain, high grade fe-
ver and raised ALP. The proposed mechanism for biliary
tract inflammation includes direct viral cytopathic injury
to cholangiocytes, microthrombi formation in the biliary
tree vasculature, decreased splanchnic circulation due to
high positive pressure ventilation or autoimmune injury.
Pre-existing hepatobiliary disease further increases the
risk™.

Incidence of pancreatic involvement in our cohort was
similar to systemic review done by Singh P et al'®. 5 pa-
tients showed features consistent with pancreatitis. Pan-
creatic involvement can be due to direct viral injury as
ACE 2 is expressed on both exocrine and endocrine cells,
host immune mediated cytokine response, dehydration
ot drug induced”?. In our cohort, splenic abnormal-
ity was seen in 13 patients in the form of splenomega-
ly (10 cases) and splenic infarcts (4 cases). Renal injury
in COVID-19 is well documented - possible mechanism
for renal involvement in COVID-19 includes direct viral
injury due to high concentration of ACE 2 receptor on
podocytes, dehydration causing pre-renal AKI, cytokine
release syndrome, organ cross talk or systemic inflamma-
036 Perinephric fat stranding was the most common
finding (30.6 %) that could be primarily due to system-
ic inflammation and increase in inflammatory markers”.
Renal infarcts were seen in 12 % patients secondary to

tion®

attenuated vessel or vascular occlusion. Some of these
patients also had infarcts involving other organs. These
patients required prolonged anticoagulant therapy and
surgical management thus increasing morbidity in pa-
tients. In our study, renal findings especially renal infarcts
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were more common in patients with severe pulmonary
disease (p=0.02). It was in concordance with study done
by Pei G et al®®. Urinary bladder wall thickening with or
without peri vesical fat stranding suggesting cystitis was
also seen. Expression of ACE2 receptors in the urinary
bladder predisposes patients to cystitis.

Major vascular occlusion (SMA, SMV and their branches)
was seen in 16 patients (21.3 %) leading to bowel isch-
emia and solid organ infarcts, thus significantly increas-
ing morbidity and mortality in patients. Vascular occlu-
sion was seen with a significantly increased likelihood in
ICU patients (OR=4.8, p=0.04) and severe COVID-19
infection (p=0.02). Findings suggestive of SARS-CoV-2
having a direct inflammatory effect on the vascular endo-
thelium leading to endothelitis and thrombosis have been
reported”.

The incidence of invasive mucormycosis has drastically
increased in COVID-19 patients, especially in patients
with impaired glycaemic contro™**# It is a rare oppot-
tunistic infection seen in immunocompromised people.
Due to its angio-invasive nature, it is one of the most le-
thal fungal infections. Endothelial injury, impaired blood
glucose and increased free iron in COVID-19 patients fa-
041 Although rhino or-
bital involvement is most common manifestation of mu-

vours growth of mucormycosis

cormycosis, abdominal involvement was also noted in the
form of bowel wall ischemia & renal arterial thrombus
mediated renal infarct. In our cohort, 6 patients with re-
nal infarcts and 5 patients with bowel ischemia secondary
to vascular thrombosis showed broad aseptate, hyaline
ribbon like right angled branching fungal hyphae s/o mu-
cormycosis on histopathological examination performed
on operated specimen. The debridement surgery needs
to be performed as soon as possible before infection
spreads to adjoining areas. Use of combination antifungal
therapy remains controversial and requires further studies
for evaluation. Adjuvant therapies are also not support-
ed strongly due to the lack of clinical trials. Prompt and
aggressive treatment is required in a patient with SARS-

CoV-2if coinfected with invasive mucormycosis™*.

Except D-Dimer (p=0.01), other lab parameters i.e., Liv-
er function test Kidney function test, IL-6 and ferritin
were found to have no statistically significant association
with abdominal findings in our study (Table 5 and Table
0).
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Periodic monitoring of D-Dimers in COVID-19 patients
may be used to predict the risk of abdominal complica-
tions especially ischemic complications in COVID-19 as
desctibed in past studies**".

The main limitation of this study was that it was a sin-
gle centre study. Autopsy and pathologic correlation were
not done due to government guidelines and regulations.
Relationship of Mucormycosis with diabetes or overuse
of steroids could not be done due to limited number of
cases and non-availability of medication records.

Conclusion

There can be a myriad of imaging manifestations in
COVID-19 which can be multisystemic or predominant-
ly affecting a single organ system. Severe abdominal fea-
tures can cause significant mortality & morbidity if left
undiagnosed/untreated and hence warrants early intet-
ventions. Abdominal manifestations, vascular occlusions
and elevated D-dimer levels are associated with severe
COVID-19 infection and ICU admission. CAM can fur-
ther degrade the prognosis due to its angio-invasive na-
ture with increased propensity to cause extensive infarcts
and multi-organ damage.

Recommendation
COVID-19 patients with abdominal symptoms should
get an abdominal CT to evaluate the cause.
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