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Abstract
Coronavirus disease 2019 (COVID-19) may present as acute

abdomen, although the pathophysiology remains obscure. We

report the case of a 45-year-old-man with severe COVID-19

pneumonia with associated pulmonary embolism who presented

with acute abdomen. He underwent emergency laparotomy and

resection of an ischaemic area of the jejunum. Postoperatively, he

had septic shock, acute respiratory distress syndrome and acute

kidney injury necessitating continuous renal replacement therapy.

We administered antibiotics and therapeutic anticoagulation along

with two sessions of haemoadsorption by CytoSorb filter, in

conjunction with continuous renal replacement therapy. The

patient survived. Bowel ischaemia due to thromboembolic

disease should be promptly treated. Extracorporeal blood

purification may be useful in managing sepsis in severe COVID-19.
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Introduction
The novel severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) disease, coronavirus disease 2019 (COVID-19),
pandemic emerged in China in 2019 and quickly spread

worldwide [1]. A minority of patients can develop life-
threatening disease, which is characterized by acute respira-

tory distress syndrome (ARDS), sepsis, multisystem organ
failure (MSOF), cytokine storm, thromboembolic disease and
rarely extrapulmonary manifestations [2–5]. Amongst the

extrapulmonary manifestations, severe gastrointestinal disor-
ders such as surgical abdomen-like presentations were

described [6–12]. The diagnostic and therapeutic challenges
related to an acute abdomen presentation in COVID-19 were

evident since the beginning of the pandemic [13]. However,
scarce data exist regarding the underlying pathophysiology of

acute abdomen in COVID-19.
We report a case of a patient with severe COVID-19 and

thromboembolic disease who developed sepsis due to bowel

perforation. The putative role of extracorporeal blood purifi-
cation therapies in the management of COVID-19 related

hyperinflammation and perioperative sepsis is also discussed.
The study was approved by the institutional review board of

King Saud Medical City, Riyadh, Kingdom of Saudi Arabia (H-01-
R-053, IORG0010374, serial no. H1RI-23-20-03), and written

informed consent was obtained from the patient for publication
of this case report and accompanying images.
Case report
During the COVID-19 outbreak in Saudi Arabia, a previously

healthy 45-year-old Asian man was admitted to our emergency
department with recent (6 days) onset of fever (temperature

39°C), cough, dyspnoea, diarrhoea, vomiting and abdominal
pain. The patient’s height and weight were 1.68 m and 75 kg
respectively, body mass index was calculated as 24.1 kg/m2.

Physical examination revealed bilateral crackles on lung bases
and severe pain located in the epigastrium along with rigidity

and guarding of the abdominal wall. The saturation of peripheral
oxygen (SpO2) was 82% on room air; heart rate was 109 beats

per minute, and blood pressure was 89/47 mm Hg.
The patient was promptly intubated, mechanically venti-

lated and resuscitated by the administration of low-dose
noradrenaline and crystalloid fluids. The patient was found
to be positive for SARS-CoV-2 infection via real-time PCR
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(RT-PCR) performed on nasopharyngeal swabs using the

QuantiNova Probe RT-PCR kit (Qiagen, Germantown, MD,
USA) in a LightCycler 480 RT-PCR system (Roche, Basel,

Switzerland) [14,15]. Electrocardiogram, cardiac enzymes and
echocardiograph results were normal. Baseline laboratory

findings showed leukocytosis (20 × 103 white blood cells;
reference range, 4–10 × 103) with lymphocytopenia
(0.47 × 103/L; reference range, 1.1–3.2 × 10⁹/L) and increased

C-reactive protein (99 mg/L; reference range, 0–7 mg/L),
lactate dehydrogenase (997 U/L; reference range, 100–190 U/

L), lactate (6 mmol/L; reference range, 1.0 to 2.5 mmol/L) and
D-dimers (4.1 μg/mL; reference range, 0 to 0.5 μg/mL).

At admission, his blood urea nitrogen was 6.1 mmol/L
(reference range, 2.5–6.4 mmol/L) and his creatinine was 119

μmol/L (reference range, 71–115 μmol/L). The rest of his
blood count, coagulation profile and biochemistry report were
within normal limits. Chest computed tomographic (CT) scans

revealed bilateral peripheral ground-glass opacities with asso-
ciated infiltrates and pulmonary embolism (Fig. 1). Emergency

abdominal CT scans depicted thickened bowel wall and portal
vein thrombosis but no clear picture of intestinal perforation

(Fig. 2). Duplex ultrasonography of the lower limbs excluded
deep vein thrombosis. However, the patient’s clinical status did

not improve. He therefore underwent emergency exploratory
laparotomy. Intraoperatively, a contained small intestinal

perforation with associated peritonitis was found; resection of
an ischaemic area of the jejunum was thus performed, without
any complications. Histopathologic examination via haematox-

ylin and eosin staining of a resected small intestine specimen
revealed epithelial necrosis with haemorrhagic infarction

changes and neutrophilic inflammation with fibrin deposition
within the lamina propria.

Postoperatively, the patient was admitted to our level III
COVID-19–designated intensive care unit (ICU). At ICU

admission, we administered empiric therapy with ribavirin (400
mg tablet every 12 hours), meropenem (0.5 g intravenously
every 12 hours) and vancomycin (15 mg/kg intravenously
FIG. 1. Contrast chest computed tomographic scans revealing bilateral pe

pulmonary artery (right) in patient with coronavirus disease 2019 (COVID-1
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loading dose) that were both adjusted for the patient’s renal

function, as well as therapeutic anticoagulation with enoxaparin
75 mg subcutaneously once daily (dosing adjusted to his body

weight and renal function), ARDS-net ventilation (positive end-
expiratory pressure of 9 cm H2O), administration of hydro-

cortisone and vasopressors and supportive ICU care [16]. The
patient developed acute kidney injury (AKI) according to the
RIFLE (risk, injury, failure) criteria [17]. His blood urea nitrogen

was 7.9 mmol/L (reference range, 2.5–6.4 mmol/L) and creat-
inine was 309 μmol/L (reference range, 71–115 μmol/L).

We speculated that the development of AKI was partially
due to severe COVID-19 and perioperative septic shock, as

notion supported by the results of the CT scans with contrast
that were performed at admission. The patient developed mild

metabolic acidosis and hyperkalaemia while remaining anuric
and in a state of shock necessitating the administration of
vasopressors (day 1 after ICU admission). We promptly

applied continuous renal replacement therapy (CRRT) as per
Kidney Disease Improving Global Outcomes (KDIGO) 2019

guidelines [18]. Two sessions of CRRT were administered for
two consecutive days (24 hours a day). In addition, we per-

formed extracorporeal blood purification therapy by means of
the CytoSorb filter (CytoSorbents Europe GmbH, Berlin,

Germany) connected to the CRRT device in order to treat
persistent sepsis and to mitigate the ensuing MSOF [19–22].

The CytoSorb filter was used according to the manufacturer’s
guidelines [23]. Briefly, the filter was connected after hae-
mofiltering via a closed-loop circuit to the CRRT pump

(Prismaflex, Baxter Deutschland, Unterschleißheim, Ger-
many) with an optimal ultrafiltration rate of 250 to 400 mL/

min. The filter was changed after 24 hours of use. Fortunately,
the patient experienced no severe coagulopathy, and trans-

fusion was deemed necessary only once with two packs of red
blood cells while he was receiving CRRT (day 1). After two

sessions of CRRT with CytoSorb, we were able to initiate
diuresis and wean the patient off vasopressors (day 3). The
patient’s lactate level and all inflammatory biomarkers were
ripheral ground-glass opacities (left) and thrombus formation in right

9).
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FIG. 2. Emergency contrast abdominal

computed tomographic scans depicting

portal vein thrombosis (left) and thickened

bowel wall (right) in patient with coronavi-

rus disease 2019 (COVID-19).
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normalized, and CRRT was discontinued 3 days after ICU
admission. No bleeding episodes were observed, although he

received full anticoagulation therapy due to venous throm-
boembolism. His oxygenation progressively improved; the
PaO2/FiO2 ratio exceeded 300 on day 6.

The patient was extubated on day 7 after ICU admission. His
renal function was normalized approximately 2 weeks after ICU

admission. We administered broad-spectrum antibiotics for a
total of 2 weeks, and therapeutic anticoagulation was provided

with low-molecular-weight heparin for a month. His RT-PCR
for COVID-19 was negative on day 19. The workup for auto-

immune disorders included lupus anticoagulant, anti-
phospholipid antibodies (anticardiolipin, anti–β2-glycoprotein I
antibodies), antineutrophil cytoplasmic antibodies and throm-

bophilia screening (i.e. levels of proteins C and S, homocysteine,
factor V Leiden); no abnormalities were found. All follow-up

blood, urine and sputum cultures for common bacteria were
negative approximately 24 days after ICU admission. The pa-

tient was discharged in a good clinical condition 34 days after
ICU admission. Oral rivaroxaban was prescribed for another 2

months [24,25]. The patient is being followed by a multidisci-
plinary physician’s group including our outreach team.
Discussion
An increased prevalence of thromboembolic disease in critically
ill patients with COVID-19 affecting their morbidity and mor-

tality has been previously reported [26,27]. The administration
of prophylactic anticoagulation in mechanically ventilated pa-
tients with severe COVID-19 is mandatory [28–32]. The

administration of enhanced prophylactic anticoagulation and/or
therapeutic anticoagulation in critically ill COVID-19 patients

should outweigh the risks of bleeding complications [32]. Our
COVID-19 patient with venous thromboembolic disease had

increased levels of D-dimer but no risk factors for developing
This is an open access artic
thromboembolism (Padua prediction score < 4). His refractory
ARDS could be attributed to a dual-hit pathology of severe lung

parenchymal inflammation and the presence of pulmonary
embolism due to COVID-19 [33], as well as progressive
development of abdominal sepsis.

In this case report, COVID-19 presented as septic shock
and acute abdomen due to contained small bowel perfora-

tion on the grounds of thromboembolic disease. Scarce data
exist about the presentation of COVID-19 as an acute

abdomen; in most reported cases, no definitive underlying
pathology is documented [6–8,10–12]. In other studies, the

underlying mechanism is not attributed to bowel pathology
but rather to extraintestinal causes such as pancreatitis or
cholecystitis [9,34]. However, bowel ischaemia due to

arterial thromboembolism was recently described in patients
with severe COVID-19 [35,36]. Hence, the presentation of

COVID-19 as an acute abdomen cannot be underestimated
and should be promptly diagnosed irrespective of the

workup challenges [10–12].
In our patient, although imaging studies were inconclusive,

the clinical picture indicated a surgical emergency, which was
then confirmed intraoperatively. Prompt surgical intervention

was a vital management step even though the application of
strict isolation measures for COVID-19 patients intra-
operatively is challenging [13]. Postoperatively, the patient

developed AKI necessitating CRRT due to sepsis and ensuing
MSOF. Extracorporeal haemoadsorption by means of a Cyto-

Sorb filter was used to complement CRRT. This combination
therapy aimed to restore the patient’s homeostasis and coun-

teract sepsis. Extracorporeal blood purification therapies using
a variety of cartridges for patients with sepsis have been pre-

viously reported, with variable results [20–22]. In our case,
after two sessions of CRRT with the CytoSorb filter, inflam-
matory biomarkers and lactate levels were normalized. More-

over, renal function was restored and oxygenation gradually
improved. Prompt surgical intervention and the administered
© 2020 The Author(s). Published by Elsevier Ltd, NMNI, 38, 100818
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empiric treatment, including antibiotics, anticoagulation therapy

and ICU supportive care, could have also contributed to the
patient’s clinical recovery. However, given the severity of his

clinical picture, we speculate that the prompt application of
CRRT with haemoadsorption might have helped. Presumably

the early application of haemoadsorption mitigated a full-blown
picture of COVID-19–related hyperinflammation and/or the
development of treatment-refractory septic shock.

The patient had an uneventful recovery without any bleeding
episodes despite receipt of full anticoagulation therapy and was

finally discharged from hospital. However, the patient’s long-
term rehabilitation challenges and his pulmonary function af-

ter COVID-19 pneumonia with associated pulmonary embo-
lism remain to be further elucidated. Our patient had typical

features of COVID-19 along with severe gastrointestinal man-
ifestations. Also, he had thromboembolic disease and a labo-
ratory profile characterized by increased inflammatory

biomarkers and D-dimers. Hypercoagulability, vascular
dysfunction and cytokine storm may be the underlying mech-

anisms enabling the development of thromboembolic disease in
severe COVID-19.

No clear evidence of diffuse intravascular coagulation was
observed in this case, which presumably reflects to versatile

underlying pathophysiology in the development of thromboin-
flammation in COVID-19 [3–5,26–36]. SARS-CoV-2 can bind

to the angiotensin-converting enzyme 2 receptor, and by
gaining direct cell entry may promote endotheliitis
[4,27,33,37–39], which can be further exacerbated by dysre-

gulated responses of the renin–angiotensin–aldosterone and
immune systems [4,37–39]. The detrimental effects of throm-

boembolic disease on survival in severe COVID-19 have been
previously documented by clinical and histopathology studies

[26–36,39–43]. Also, after hospital discharge, some COVID-19
patients may require additional prophylaxis for venous throm-

boembolism. Our critically ill patient with severe thrombo-
embolic disease was mechanically ventilated and hospitalized for
a prolonged time; hence rivaroxaban was prescribed at hospital

discharge as outpatient venous thromboembolism prophylaxis
[24,25,43]. Moreover, we should consider the fact that the

natural course of SARS-CoV-2 viraemia and the host’s natural
immunity remain obscure; reinfections and/or recurrently

positive RT-PCR results have been reported [44–48].

Conclusion
Despite the inherent limitations of reports of a single case which

prevent its generalizability, we documented that COVID-19 can
present with severe gastrointestinal manifestations, which could

be further linked to underlying thromboinflammation. Further
© 2020 The Author(s). Published by Elsevier Ltd, NMNI, 38, 100818
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study of such cases may enable us to tailor cost-effective diag-

nostic and therapeutic strategies for the management of COVID-
19 patients who present with an acute abdomen. Apart from

extraintestinal causes, bowel ischaemia due to venous and/or
arterial thromboembolic disease should be promptly diagnosed

and treated. The application of CRRT and extracorporeal blood
purification techniques could be a useful tool in the management
of perioperative sepsis, AKI and cytokine storm, which are all

poor prognostic factors in critically ill patients with COVID-19.
Future larger prospective studies are needed to confirm or

refute the present findings.
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