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Background

Coronavirus disease 2019 (COVID-19) elicits thrombotic events, among which
acute mesenteric thrombosis (AMT) might be very serious.

Patients and methods

Eligible patients with AMT who presented to Sohag University Hospital (January
2020—-August 2021) were retrospectively studied. Patients were classified into
group A (without) versus group B (with) COVID-19. Group B was subdivided into
B-1 with mild symptoms and B-2 with peritonitis, all received treatment according
to ‘damage-control’ protocol.

Results

Fifteen patients were eligible (nine males and six females) with median age of 66
(range: 38—81) years. Group B patients (10) were admitted during the last 35% of
the study period (7 months) and exhibited delayed presentation compared with
group A (five patients), P value less than 0.05. In group A, three patients with arterial
thrombosis underwent laparotomy during which ischemic bowel segments were
resected. Two patients had venous thrombosis and recovered under therapeutic
anticoagulation. All group B patients suffered from mixed pattern of AMT (arterial
and venous). Group B-1 (five patients) received initially anticoagulation, which
was successful in two. Peritonitis developed in three, who required either repair
of small-bowel perforations or resection of gangrenous segments. All five patients
in group B-2 underwent upfront laparotomy due to peritonitis, gangrenous small
bowel and colon of variable lengths were found and resected. The overall mortality
rate was 33.3% (five patients died). However, death rate was significantly higher in
group B (40%) compared with group A (20%), P value less than 0.05.
Conclusions

COVID-19 triggers aggressive variety of AMT with worse clinical outcome.
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Introduction

majority of COVID-19 cases present with respiratory

Coronavirus disease of 2019 (COVID-19), which
develops in response to infection with severe acute
respiratory-syndrome coronavirus-2, progressed to
a pandemic that represented a worldwide health
threat since the end of 2019 [1,2]. Several studies
pointed at the relationship between coronavirus-2
and development of potentially fatal thrombotic
events, since the early waves of this pandemic [3]. It
was strongly suggested that an aggressive coronavirus-
2-induced inflammatory reaction is the main trigger
of hypercoagulability [4]. The severity of respiratory
dysfunction was found to correlate with vascular
endothelial injury, hypercoagulability, and failure of

fibrinolysis in lung vasculature [5].

Coronavirus-2 gains access to the cells via
angiotensin-converting enzyme 2 (ACE2) [6]. Viral
surface glycoprotein, known as ‘spike,” unites with
ACE2 to penetrate into the target cells. Given that
ACE2 is most plentiful in type-II alveolar cells, the

© 2022 The Egyptian Journal of Surgery | Published by Wolters Kluwer - Medknow

symptoms [7].

However, COVID-19 may affect other systems, among
which the digestive tract is frequently embattled due to
high expression of ACE2 in the glandular epithelial cells
of the stomach, duodenum, and rectum in addition to
the small-bowel endothelial cells and enterocytes [8,9].
Gastrointestinal involvement ranges from 9 to 48.5%
and could be the initial indicator of infection, even before
development of fever or respiratory dysfunction [10].

Acute mesenteric thrombosis (AMT) may result
from partial or complete occlusion of the mesenteric
arteries and/or veins by thrombi. It is a potentially
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fatal disorder with high mortality rate. In addition
to thrombosis, blood flow in the mesenteric vessels
can be acutely challenged by embolic or nonocclusive
mesenteric ischemia [5,11]. During the era of
COVID-19 pandemic, AMT was increasingly
discovered. The diagnosis is frequently delayed
because of lack of prominent abdominal signs
before development of infarctions in the bowel wall.
Likewise, an additional diagnostic challenge relates
to lack of early pathognomonic findings in simple
laboratory tests or abdominal imaging [12,13]. This
situation becomes more complex in the context of
COVID-19 pandemic due to the overwhelming
number of patients requiring hospitalization,shortage
of medical staff, deficiency in medical supplies and
equipment, as well as the hesitancy of patients to
ask for medical advice due to the exaggerated fear
of catching infection [14]. Therefore, the majority
of patients present with complications, requiring
laparotomy and resection of variable length of
necrotic bowel [15].

In this study, we will address the presentation,
diagnosis, management, and mortality among

patients with AMT versus without concomitant
COVID-19.

Patients and methods

Study design and patient groups

Retrospective analysis of medical records of
patients who were presented to the Emergency
Unit, Department of Surgery, Sohag University
Hospitals, Sohag, Egypt, from January 2020 to
August 2021. Eligible patients were adults more than
or equal to 18 years with proven AMT. Exclusion
criteria entailed embolic occlusion, nonocclusive,
and chronic mesenteric ischemia. Patients were
classified according to COVID-19 infection into
group A (AMT without COVID-19) and group
B (AMT with documented COVID-19) infection.
We studied the presentation, diagnosis, management
of AMT, and related mortality. Every patient
provided a written informed consent on all surgical
and nonsurgical-related procedures. The study was
approved by Sohag Faculty of Medicine Committee
on Medical Research Ethics.

Preoperative workup

All patients underwent meticulous medical history
evaluation and clinical examination. An array of
laboratory investigations, including routine tests
(blood-cell count, liver and kidney functions,
electrolyte, and hepatitis serology) and COVID-19-

relevant tests (complete blood count, ferritin, D-dimer,

C-reactive protein, random blood glucose, lactate
and dehydrogenase) were done. Chest computed
tomography (CT) and abdominal imaging by
radiograph and ultrasonography were undertaken in all
patients, while contrast-enhanced abdominal CT and
angiography were carried out after confirmation of the
preserved renal functions.

Management protocol during coronavirus disease 2019
pandemic

During the last wave of COVID-19, we adopted
‘damage-control’ protocol in response to remarkable
shortage in medical personnel, medical supplies, and
hospital beds. This protocol entailed anticoagulation
therapy, resection of ischemic bowel, and endovascular
treatment thereafter. Abdominal exploration was
carried out under general anesthesia via generous
midline incision in all patients. Second-look
laparotomy was carried out within 48h after the
initial exploration with preceding 12-h pause of
anticoagulation.

Statistical analysis

Statistical analysis was performed by Graphpad
Prism 7. Qualitative data were expressed as number
and percentages, whereas quantitative data were
shown as median and SD. Student # test was used
to compare quantitative variables. Differences were
considered statistically significant if P value was less
than 0.05.

Results

Demographics, patient groups, and subgroups

Fifteen patients (nine males and six females) with
median age of 66 (range: 38-81) years and confirmed
diagnosis of thrombotic acute mesenteric ischemia
were enrolled. Diagnostic tests for COVID-19 were
negative in five patients (group A), whereas 10 patients
(group B) had documented COVID-19 infection,
these data are shown in detail in Table 1. According
to the severity of presentation, group B was further
subdivided into subgroup B-1 (five patients) with mild
mesenteric ischemia versus group B-2 (five patients)
with peritonitis complicating severe mesenteric
ischemia (Fig. 1). Among all patients, there was no
history of previous vascular intervention or medical
treatment for mesenteric ischemia.

Table 1 Age and sex distribution

Group A (N=5)
Males* 3/5 (60)
Age (years)* 53 (42-81)**
*No significant difference. **Median (range).

Group B (N=10)

6/10 (21.7)
47 (38-73)**




Figure 1
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Acute mesenteric thrombosis (AMT)
Eligibile patients = 15

AMT without COVID-19
= 5 patients

AMT with COVID-19
= 10 patients

Mild presentation
= 5 patients

Severe presentation:
= 5 patients

Study population, groups, and subgroups.

Figure 2
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Initial 13 months = (67% of the study period)

Five patients (group A): AMT without COVID-19

Last 7 months = (33% of the
study period)

Ten patients (group B):
AMT with COVID-19

Distribution of groups A and B across the study period.

Number of patients in relation to the latest coronavirus
disease 2019 wave and group B divisions

Five (33%) patients were diagnosed during the earliest
13 months (65%) of the study period, none of them
showed any clinical, laboratory, or radiologic evidence

of COVID-19.

In contrast, 10 (67%) patients with confirmed
COVID-19 were admitted during the last 7 months
(35%) of the study period (Fig. 2).

Preoperative clinical data

Patients of group A sought medical advice early within
amedian of 1 day (range: 1-2 days) after the occurrence
of acute postprandial abdominal pain. In contrast, the
presentation of group B was delayed. The time lapse
between the initial abdominal symptoms and hospital
admission was 2-5 (median: 4) days, during which
patients received standard COVID-19-treatment
regimen for respiratory symptoms with diet restriction
and antispasmodics for abdominal pain. The symptoms

and risk factors are presented in Table 2. The types

Table 2 Symptoms and risk factors

Symptom and risk factors

Group A Group B
Abdominal pain* 5/5 10/10
Nausea 2/5 7110
Vomiting 2/5 6/10
Diarrhea 3/5 8/10
Hematochezia 0/5 3/10
Heart disease 2/5 0/10
Smoking 3/5 3/10
Hyperlipidemia 4/5 2/10
Obesity 3/5 2/10
Diabetes mellitus 3/5 2/10
Portal hypertension 1/5 0/10
Hormonal treatment** 1/5 0/10

*Group A showed earlier presentation (median: 1 day, range:
1-2 days) compared with group B (median: 3, range: 2-5 days).
**Oral contraceptive pills.

of mesenteric thrombosis according to preoperative
abdominal CT angiography and duplex studies and the
order of treatments applied according to the damage-
control protocol are shown in Tables 3 and 4.
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Management and operative procedures

The choice of primary and subsequent treatment
approach was dependent on the severity of presentation
and type of AMT. These parameters in addition to the

clinical outcome per patient are shown in Table 5.

Group A

In group A, the first patient had multiple atherosclerotic
patches in the aorta and iliac arteries with thrombosis
of the main trunk of the superior mesenteric artery (Fig.
3a,b). During urgent laparotomy, multiple ischemic
areas and necrotic perforations were found across
small-bowel segment measuring about 2 m, the distal
end was ~80cm from the ileocecal valve (Fig. 3¢,d).

Table 3 Types of mesenteric thrombosis per group/subgroup

Group B
Group A Subgroup Subgroup
B-1 B-2
Arterial 3 0 0
Venous 2 0 0
Mixed (arterial+venous) 0 5 5
Number of patients per group/ 5 5 5

subgroup

Table 4 Order of applied treatment modalities

Group B
Group A Subgroup  Subgroup

B-1 B-2
Anticoagulation alone 2 2 0
Anticoagulation ™ surgery ™’ 3 3 0
anticoagulation
Surgery ™ anticoagulation 0 0 5
Number of patients per 5 5 5
group/subgroup

All recovered patients had multidisciplinary follow-up, including
general and vascular surgeons, endovascular interventionists, and
hematologists.

Resection and primary anastomosis were carried out
(Fig. 3e,f). The second and third patients suffered from
thrombosis of small mesenteric arterioles. Emergency
laparotomy was performed in both patients because of
the development of signs of peritonitis on the second
and fourth days after admission, respectively. Ischemic
bowel segments (about 50-cm length in one patient
and 180cm in the other) were found with multiple
perforations, more than 1 m from the ileocecal
valve. In both patients, small-bowel resection and
primary anastomosis with proximal enterostomy were
undertaken.

Therapeutic anticoagulation was established under
strict surveillance of coagulation profile. However,
during second-look laparotomy, the third patient
showed progression of bowel gangrene, which affected
almost the whole small intestine, for which additional
resection of the necrotic bowel was carried out.

On the other hand, the fourth and fifth patients
(with minor venous thrombosis as diagnosed by CT
angiography and duplex examination) recovered
successfully under medical treatment with therapeutic
anticoagulation.

Group B

Subgroup B-1

All patients showed mild initial symptoms and
borderline laboratory findings. 'They received
therapeutic ~ anticoagulation  under  stringent
observation. Conservative treatment was successful in
the first two patients. Nevertheless, laparotomy was
carried out in the other three patients who showed
evidence of clinical and laboratory deterioration.
The third and fourth patients required resection of

Table 5 Site of mesenteric thrombosis, management, and clinical outcome

Groups Patients # Site of thrombois Management Clinical outcome
Group A 1 SMA Anticoagulation ™ bowel resection ™ anticoagulation Recovery
2 Mesenteric arterioles Anticoagulation ”” bowel resection ”” anticoagulation Recovery
3 Anticoagulation ™ bowel resection ”” anticoagulation Death
4 Mesenteric venules Anticoagulation alone Recovery
5 Anticoagulation alone Recovery
Group B Subgroup B-1 1 Mixed (mesenteric Anticoagulation alone Recovery
arterioles and venules
2 Anticoagulation alone Recovery
3 Anticoagulation ™ bowel resection ™ anticoagulation Recovery
4 Anticoagulation ”” bowel resection ”” anticoagulation Recovery
5 Anticoagulation ™ bowel resection ”” anticoagulation Death
Subgroup B-2 1 Bowel resection ™ anticoagulation Death
2 Bowel resection ™ anticoagulation Death
3 Bowel resection ™ anticoagulation Death
4 Bowel resection ”” anticoagulation Recovery
5 Bowel resection ™ anticoagulation Recovery

SMA, superior mesenteric artery.
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Figure 3

Radiologic and operative findings in the first patient in group A. (a) Aortic bifurcation and common iliac arteries narrowed by atheromatous
plaques. (b) Superior mesenteric artery filling defect, consistent with thrombotic perforations. (c) Multiple small-bowel necrotic areas and
impending perforations. (d) Multiple small-bowel necrotic areas and impending perforations (higher magnification). (e) Small bowel after
resection of frankly ischemic segments. Suboptimal perfusion of the small bowel contrary to the well-perfused transverse colon is obvious. The
patient was transferred to the ICU for anticoagulation therapy and strict observation. (f) Same patient (e) who improved perfusion of the small
bowel is confirmed during second-look laparotomy.
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two segments of the small bowel due to ischemic
perforations. Second-look laparotomy proved that
there is no evidence of further thrombosis. In the
fifth patient, mesenteric edema and massive gangrene

Figure 4

Subgroup B-2, massive bowel gangrene, massive bowel gangrene
(small intestinal loops are seen) in a patient with COVID-19
infection complicated with AMT. AMT, acute mesenteric thrombosis;
COVID-19, coronavirus disease 2019.

Figure 5

affecting almost 75% of the small bowel were found,
therefore, resection of the gangrenous intestine
was done without primary anastomosis. During
second-look exploration, further resection of a newly
developed 20-cm gangrenous segment of small bowel
was performed.

Subgroup B-2

The entire subgroup exhibited obvious signs of
peritonitis and sepsis and underwent emergency
laparotomy after resuscitation. One patient showed
extensive gangrene of the small bowel and right side
of the colon down to mid-transverse colon (Fig. 4).
Two patients exhibited small-bowel gangrene (except
50 and 70cm distal to the duodeno—jejunal junction,
respectively) and the right colon, representative pictures
are shown in Fig. 5ab. Second-look laparotomy
showed progressive gangrene in all three patients who
underwent further resection of the newly developed
gangrenous bowel. The other two patients underwent
resection of 60 and 80 gangrenous segments of the
jejunum (Fig. 6a,b) and ileum, respectively, and showed
no progression on the second-look laparotomy. Of
note, primary anastomosis was not attempted in any
patient in group B.

Subgroup B-2, extensive bowel gangrene. (a) Extensive small-bowel gangrene (sparing only about 70 cm distal to the dudeno—jejunal junction),
due to concomitant COVID-19 and AMT. (b) Same patient (a) mesenteric edema due to AMT (predominantly venous thrombosis). AMT, acute

mesenteric thrombosis; COVID-19, coronavirus disease 2019.




Figure 6

Subgroup B-2, segmental small-bowel gangrene. (a) Segmental
small-bowel gangrene in a patient suffering from COVID-19 infection
and concurrent AMT. (b) Same patient (a) perfusion down to the distal
ileum is borderline. AMT, acute mesenteric thrombosis; COVID-19,
coronavirus disease 2019.

Hospital stay, complications, and postoperative
mortality

Opverall, hospital stay ranged from 5 to 42 (median:
15) days. It was significantly prolonged in group B
(range: 9-42, median: 19) in comparison with group
A (range: 5-17) (median: 8) days, Pvalue less than 0.05.
Generally, in-hospital death rate was 33.3% (five out
of 15 patients). However, death rate was significantly
higher in group B (40%) compared with group
A (20%), P value less than 0.05. Complication rates
(intra-abdominal abscess, multiorgan failure, wound
sepsis, postoperative pneumonia, severe malnutrition,
and cardiac arrhythmias) were significantly higher in
group B (P<0.05). In group A, one patient died on
the third postoperative day due to severe sepsis. In
subgroup B-1, one postoperative death occurred on
the seventh postoperative day due to pulmonary-artery
thrombosis. In subgroup B-2, three postoperative
deaths were reported in relation to progressive sepsis,
electrolyte disturbances, and multiorgan failure 3, 6,
and 14 days after the second laparotomy.
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Follow-up

After discharge, the patients received multidisciplinary
care involving specialist general and vascular surgeons,
endovascular interventionists, and hematologists for
turther assessment and possible interventions. Regular
follow-up was scheduled in the general-surgery
outpatient clinic.

Discussion

In this study, we studied patients with concomitant
COVID-19 and AMT during the most aggressive wave
of the pandemic in Egypt. Those patients suffered from
worse clinical presentation and increased mortality

compared with those who were free of COVID-19.

Group B (AMT with COVD-19) included twice
the number of patients in group A (AMT with
COVID-19), with more serious symptoms. However,
this doubled number of patients presented to the
hospital during no more than the last third of the
study period (7 months), which represents only one-
third of the whole study period. The rise of the number
of patients with AMT was likely triggered by the
overwhelming spread of COVID-19 and high case-
fatality rate in Egypt compared with several other
heavily infected countries [16,17].

'The time of presentation among group B patients was
delayed compared with those in group A. 'This could
be related to the heterogeneous and late COVID-19-
related thrombotic complications [18]. Likewise, lack
of sufficient public awareness that COVID-19 might
provoke severe gastrointestinal disorders including
AMT, could have contributed to late presentations
[1,19-21].

'The predisposing factors in group A were obvious. For
instance, our patients who suffered from arterial AMT
were atherosclerotic, hypertensive, obese, and diabetics.
These factors are known to enhance the risk of AMT
[22,23]. Mesenteric venous thrombosis occurred
in relation to the history of portal hypertension and
hormonal contraceptive treatment [24,25]. In sharp
contrast, definitive predisposing factors in group B
could be barely found. In this context, the contribution
of COVID-19 infection to the development of AMT
appears reasonable, particularly with the strong
evidence that COVID-19 may elicit thrombosis of
the aorta, celiac trunk, superior and inferior mesenteric
arteries [26—28], peripheral arteries [29], and portal,
splenic, and superior mesenteric veins [30,31].

It should be emphasized that damage-control
protocol  comprised, whenever feasible, initial
treatment with therapeutic anticoagulation. However,
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complicated presentation with peritonitis or failure
of anticoagulation prompted urgent laparotomy.
Surgery was performed primarily to resect gangrenous
bowel, avoid sepsis, enable application of therapeutic
anticoagulation postoperatively in the ICU, and
second-look laparotomy within 48h [32]. Thereafter,
appropriate endovascular interventions were planned
tor successfully rescued patients [33].

In group A, the patients exhibited mild clinical
symptoms. Likewise, bowel ischemia affected definitive
uninterrupted segments of the small bowel, thus, we
were encouraged to carry out primary anastomosis after
ischemic bowel resection. Our approach conforms with
published reports, which indicated that the options of
primary anastomosis or diverting stoma can be applied
[34]. Nonoperative resolution occurred in two patients
with venous mesenteric thrombosis. This is in line with
the reported data on anticoagulation therapy as potentially
sufficient sole treatment of mesenteric venous thrombosis
[35]. In subgroup B-1, therapeutic anticoagulation has
successfully prevented further progression of mesenteric
thrombosis in two patients. This could be attributed
to predominance of mesenteric venous (not arterial)
thrombosis, a situation in which systemic anticoagulation
therapy alone might be also enough [11].

Patients in subgroup B-2 presented to the hospital
during late stages of the disease. Thus, there was no
primary treatment option available for them other than
upfront surgery. This group had the worst outcome
most likely due to delayed presentation and extensive
mesenteric thrombosis [33,36,37].

'The overall mortality was 33.3%, which is in accordance
with previous studies, which demonstrated mortality
rates up to 40-60% [5]. We found that patients with
concomitant AMT and COVID-19 had doubled
mortality rate (40%) compared with those who were
tree of COVID-19 (20%). This figure is similar to what
has been demonstrated in a series of 13 patients with
concurrent COVID-19 and venous AMT [15]. This
could be explained by extensive COVID-19-induced

cross-talk between inflammation and thrombosis [38].

It should be underlined that the retrospective nature
of this study may represent significant shortcomings.
However, given the low number of case series published
on the outcome of concurrent AMT and COVID-19
infection, this study addressed this important issue on
a reasonable number of patients who were treated in a
single center.

In conclusion, the current study demonstrated that

COVID-19 triggered high numbers and enhanced the

severity of AMT. Prompt diagnosis and implementation
of multidisciplinary care might improve the clinical
outcome in this complicated situation.
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