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Abstract. Mesenteric thrombosis in patients with coronavirus disease: comprehensive assessment and treatment.
Stasyshyn A.R., Stadnyk LS., Doroshak A.L., Polianytsia .M., Bokhonko R.L., Demianovych T.M., Matviychuk O.B.
Acute mesenteric circulatory disorder belongs to the most serious diseases of the abdominal cavity. Being an emer-
gency condition, it is associated with high mortality. Coronavirus infection is an anthroponotic disease in the group of
acute respiratory infections, is characterized by damage to the upper respiratory tract, severe intoxication, coagu-
lopathy and in severe cases - multiple organ failure. The aim of the work was to analyze the results of the surgical
treatment of mesenteric vascular thrombosis in patients with COVID-19. We have studied the results of diagnostics and
treatment of 13 patients (9 males and 4 females) with acute mesenteric thrombosis and COVID-19. We have analyzed
patients’ complaints and the clinical picture of the disease, as well as performed general medical examination (routine
blood and urine tests, biochemical parameters, coagulogram), X-ray examination of abdominal and thoracic cavities,
computed tomography / angiography of abdominal organs, diagnostic laparoscopy, diagnostic mini-laparotomy and
laparotomy. The symptoms of the disease include nausea, vomiting, abdominal pain, diarrhea, fever, cough, shortness
of breath and belching. The disease was diagnosed by contrast computed tomography. Four patients developed
simultaneous thrombosis — stroke, thrombosis of the portal and mesenteric veins, splenic and renal infarction,
thrombosis of the superior mesenteric and portal veins. Six patients have been suffering from underlying health
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conditions, 7 patients — had none. Ten patients underwent surgery (laparotomy with resection of the nonviable
intestine), 3 — received conservative treatment (heparin therapy). Six patients died (4 out of 10 — during surgery and 2
out of 3 — during conservative treatment). Postoperative mortality was 40%.

Pedepar. Tpom603 me3dentepiaabHux cyauH y xBopux Ha COVID-19: koMiuiekcHa omiHKa Ta JIiKyBaHH.
CracummmiH A.P., Cragnuk I.C., Jopomax A.lL., Hoasuuus .M., boxonko P.JL., lem'sinoBuu T.M., Martsiituyk O.b.
Tocmpe nopywenns meseHmepianbHO20 Kpo8000icy HANedCUMb 00 Kamez2opii HAUmMANCYUUX 3AX60PI0BAHb OpP2aAHi8
yepesHoi NOPOJHCHUHU, € HEeBIOKIAOHOW cumyayiero i nos’sisame 3 GUCOKUM pisHem cmepmuocmi. Kopownasipycna
iHGheKyiss — aHMpPONOHO3HE 3AXBOPIOGAMHS 3 2PYNU 20CMPUX PEeCnipamopuux IHpexyill, siKe Xapakmepuzyemucs
VPAdICEHHAM BEPXHIX GIOOINI8 pecnipamopHo2o mpaKkmy, GUPAdN’CEHOI0 THMOKCUKAYIEIO, PO3BUMKOM KOA2YIonamii, npu
msidcKoMy nepebizy — noniopeannolo Hedocmamuicmio. Mema 0o0cniodcenHs — NpoaHanizyeamu pesyibmamu
Xipypeiuno2o NiKyeanHs mpombOosy meszeHmepianvHux cyoun y xeopux 3 COVID-19. Ilpoananizoeano pesyrvmamu
Odiaenocmuxu ma nikysauns 13 xeopux (9 uonogixis, 4 sicinku) 3 2cocmpum mpomo030M OPUNCOBUX CYOUH Y HOEOHAHHI 3
COVID-19. Ilposedero ananiz ckape nayicHmie ma KiiHIYHOI KAPMUHU 3AX80PIOGAHHS, 3A2AIbHOKIIHIYHI 1A00pAmMOpHI
obcmediceHHs (3a2anbHUL AHANI3 KPosi, ceul, OIoXIMIUHI NOKA3HUKU, Koaz2ylospama), o2nadoea Rtg opearie uepesnoi ma
2PYOHOI  NOPOJCHUH, KOMN tomepHa momozpagis / ancioepagis opeanie uepegHOi NOPONMCHUHU, OiAeHOCMUYHI
aanapockonis, mMiniranapomomia ma aanapomomis. CUMIMOMAMUKOIO 3AX80PIOGAHHS OYIU. Hyooma, 6108aHHs, 0Ll Y
orcusomi, diapest, JTUXOMAHKA, Kauielvb, 3a0uuika, iopudicka. /[iacno3 8cmano8ieHo 3a 0ONOMO20H0 KOMN 1omepHoi
momozcpaghii’ 3 konmpacmom. Y 4 nayienmis i03HaueHO 0OHOYACHUL MPOMOO3 6 THUWUX MICYAX — 20CIPE NOPYUIEHHS
MO3K08020 KpP08000icy, mpomb0o3 GopimHoi ma Opuxcosoi 6ew, iH@papkmu cene3iHku ma HUpox, mpomoo3 8epxHboi
bpuoici ma eopimnoi senu. Y 6 nayicumis 0yau cynymui 3ax80pioeamnis, y 7 nayicHmis — 2#co0Ho2o. Jlecsimb nayienmis
ONneposamni (1anapomomis 3 pe3eKyiclo Hedcumme30amuoi Kuwku), a 3 — ompumanu KOHCepeamueHe JiKyGAHHS
(eenapunomepanis). licmv nayienmie nomepau (4 3 10-x npu onepayivinomy nikyeawui i 2 3 3-X — npu KOH-

cepsamusromy). Ilicnisonepayiina nemansricmos — 40%.

Acute mesenteric thrombosis belongs to the most
severe disorders of the abdominal cavity. Its mortality
reaches 95-97% [9]. According to the European So-
ciety for Vascular Surgery (ESVS), in 2017 100% of
non-operated patients and 80-90% of operated patients
died. The reasons for such high mortality are the rapid
irreversible changes in the intestinal wall, unclear
clinical symptoms of the disease, resulting in late diag-
nosis and surgery, most often being palliative [5, 11].
Mesenteric circulatory disorders can be both acute and
chronic. While the acute course is accompanied by
mtestinal infarction with necrosis, chronic one causes
functional disorders without necrotic changes in the
intestinal wall. According to ESVS, 2017, the occur-
rence of acute mesenteric circulatory disorders ranges
from 0.2 to 0.3 per 10,000 population per year and mo-
re often (almost twice) such disorders occur in women
over 60. The sources of embolism of mesenteric ves-
sels are intracardiac thrombi or thrombotic vegetations
on the heart valves (in heart failures, cardiosclerosis,
endocarditis, myocardial infarction, aortic aneurysm
and aortic thrombosis) [4]. When it comes to the fac-
tors that contribute to intravascular thrombosis, many
of them, both endogenous and exogenous are usually
seen, COVID-19 including. Among the causes of thro-
mbosis, the American Board of Surgeons identifies:

1. Changes in the vessel wall related to endothelial
damage, narrowing of the lumen of blood vessels as a
result of its spasm, external compression, inflam-
mation, changes in the permeability of its wall.

2. Slowing of blood flow, which includes all the
changes in cardiac activity that cause vascular con-
gestion, resulting in the development of thrombosis.
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3. Changes in physical and clinical properties
of blood.

Acute mesenteric thrombosis has 3 stages [1]
which develop sequentially. Stage I (ischemia) is
when the arterial blood flow is completely or pa-
rtially stopped. The metabolic products start accu-
mulating immediately; they are not initially
absorbed due to circulatory disorders and therefore
the intoxication is insignificant. Stage Il is chara-
cterized by infarction and progressive necrosis of the
intestinal wall. At this stage, blood flow is relatively
restored, since the concomitant angiospasm disap-
pears and the dilation of collaterals occurs. At the
same time, plasma and formed elements of blood
enter the intestinal lumen and abdominal cavity.
Stage III (peritonitis) is not always manifested,
mainly because patients die before its development
from severe intoxication, deponing of blood, severe
hypovolemia and concomitant metabolic disorders.

Coronavirus infection (COVID-19) is an anthropo-
notic disease in the group of acute respiratory infec-
tions (ARI), which occurs in all seasons of the year and
is characterized by damage to the upper respiratory
tract and mild intoxication with a positive prognosis,
except for some special variants — severe acute respi-
ratory syndrome (SARS), Middle East respiratory syn-
drome coronavirus (MERS-CoV) and coronavirus di-
sease 2019. In the whole world, almost 79.1 million
people have fallen ill since the beginning of the pan-
demic (+663 thousand in these days), more than 1,7
million died (+13 429) and above 55.6 million reco-
vered (+515 thousand) based on WHO statistics [7].
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The pathogenesis of COVID-19-activated coagu-
lopathy has several mechanisms: DIC syndrome with
multiorgan failure, which occurs more often in absence
of anticoagulant prophylaxis, and may happen due to
septic complications [6, 10]. Pulmonary intravascular
coagulopathy (MicrocLOTS) is thrombosis of the
microcirculatory tract, a condition accompanied by
local and systemic thrombocytopenic coagulopathy.
Recent pathomorphological studies have revealed
thrombosis of the branches of the pulmonary artery of
small and medium caliber, as well as microthrombi in
the alveolar capillaries in most of lethal cases. Thrombi
in the large branches of the pulmonary artery were
observed in 9-33% of cases. In contrast to the Acute
Respiratory Distress Syndrome associated with in-
fluenza, microcirculatory disorders in a new coro-
navirus infection are characterized by endothelial
damage with the destruction of the cell membrane. The
main difference between SARS and COVID-19 is the
presence of extrapulmonary microvascular thrombi
found in the capillaries of the kidneys, intestines, and
skin. It is well known that SARS-CoV-2 enters the
cells by endocytosis after binding to the protein of the
transmembrane angiotensin-converting enzyme — 2
(ACE-2), which is expressed in cells of the lungs,
heart, blood vessels, kidneys and gastrointestinal tract.
Section of studies has identified viral RNA and
pathogen particles in the intestine, brain, and sub-
cutaneous vein cells [8, 11]. Elevated levels of Wil-
lebrand factor in patients with severe infection can
cause thrombotic microangiopathy, specifically in the
intestinal vessels. The thromboinflammatory response
may be mediated by endothelial damage or active
macrophages, leading to a cytokine storm [4].

The aim of the work — to analyze the results of
the treatment of mesenteric vascular thrombosis in
patients with COVID-19.

MATERIALS AND METHODS OF RESEARCH

We have studied the results of diagnostics and
treatment of 13 patients (9 males and 4 females) with
acute mesenteric thrombosis and COVID-19, who
underwent treatment in the Surgical clinic of Faculty of
postgraduate education of Danylo Halytskyi Lviv
national medical university and Lviv clinical municipal
emergency hospital. The average age of the patients
was 56. The average duration of the disease from the
first clinical signs to hospitalization was 48 hours.

The research was conducted in accordance with the
principles of bioethics set out in the WMA Declaration
of Helsinki — “Ethical principles for medical research
involving human subjects” and “Universal Declaration
on Bioethics and Human Rights” (UNESCO).

We have analyzed patients’ complaints and the
clinical picture of the disease, as well as performed a
general medical examination (routine blood and
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urine tests, biochemical parameters, coagulogram),
X-ray examination of abdominal and thoracic cavi-
ties, computed tomography (CT)/angiography of
abdominal organs, diagnostic laparoscopy, minilapa-
rotomy and laparotomy. The diagnosis of COVID-19
in all patients was confirmed by polymerase chain
reaction (PCR) and computed tomography of the chest.
Diagnosis and treatment were carried out in accordance
with the Order of the Ministry of Health of Ukraine
dated 31.12.2020 No. 3094 "On amendments to the
protocol «Provision of medical care for the treatment
of coronavirus disease (COVID-19)».

Statistica 10.0 (StatSoft) was used to perform sta-
tistical data analysis. Data analysis was based on
three types of research: 1) descriptive statistics,
2) testing for normality of distribution, 3) statistical
significance testing of differences. The level of
significance for statistical tests was chosen to be 5%,
so the null hypothesis was rejected at p<0.05 [2].

RESULTS AND DISCUSSION

Acute mesenteric ischaemia is an emergency
condition, associated with high mortality. Surgical
diagnosis requires a high index of suspicion and early
contrast CT. The diagnosis was based on contrast-
enhanced CT. Since the pathological mechanism lea-
ding to thrombosis of mesenteric vessels in COVID-19
is not well-defined today, there is a chance of direct
viral invasion into the intestinal tissue, with the expres-
sion of ACE-2 on enterocytes, target receptors for
SARS-Cov-2 or viral infection of endothelial cells,
leading to diffuse endothelial inflammation or enhan-
cement of procoagulation factors such as von Wille-
brand factor, fibrinogen induced by a cytokine storm,
causing coagulation and fibrinolysis. An additional
explanation for hypercoagulation may be a large num-
ber of prothrombotic circulating microvesicles — cyto-
plasmic microparticles formed from platelets or mono-
cytes and neutrophil extracellular traps released from
activated neutrophils, a mixture of nucleic DNA,
histones, and nucleosomes. Symptoms of the disease
include nausea, vomiting, abdominal pain, diarrhea,
fever, cough, shortness of breath and belching. The di-
sease was diagnosed by contrast CT. Four patients
have experienced a simultaneous thrombosis in other
places — stroke, thrombosis of the portal and mesen-
teric veins, splenic and renal infarction, thrombosis of
the superior mesenteric and portal veins. Six patients
have been suffering from underlying health conditions
but 7 patients from none. Ten patients underwent sur-
gery (laparotomy with resection of the nonviable intes-
tine), and 3 patients underwent conservative treatment
(heparin therapy). Six patients died (4 out of 10 —
during the surgery and 2 out of 3 — during conservative
treatment). Postoperative mortality is 40%.

Ha ymosax niyensii CC BY 4.0
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Fig. 1. CT-angiography of mesenteric thrombosis in patient K., 58 y.o.

At the pre-hospital stage the following intra-
venous injections should be administered:

1. 150 ml of normal saline / 30,000 IU heparin
and 40,000 IU of Fibrinolysin+ 1 ml of 2%
Omnopon or 1-3 ml of Droperidol + 1 ml of 0.1%
Atropine solution + 120 ml of Neohaemodes +
+ 200 ml of 5% Na,CO; solution 250 ml of Rheo-
polyglucin + 125 ml of Hydrocortisone + 5 ml of
5% vitamin C, 1 ml of 6% vitamin B,, 1 ml of 5%
vitamin Bg solution.

2. In suppressed cardiovascular activity and hy-
potension: Mezatone 1ml of 1%, Norepinephri-
ne 1.0, Cordiamine 2 ml.

3. In circulatory disorders: Strophanthin: 0.5 ml
of 0.05% solution, 0.5 ml of 0.06% Corglycon solu-
tion with 20% glucose solution.

Anticoagulant therapy for the treatment of
hospitalized patients who were in the surgical
departments — enoxaparin (average — 1 mg/kg,
every 12 hours once a day) 4000 anti-Xa MO
(40 mg; 0.4 ml) twice a day provided creatinine
clearance >30 ml/min. For patients in the in-
tensive care unit, enoxaparin 8000 anti-Xa MO
(80 mg; 0.8 ml) twice daily for patients with crea-
tinine clearance >30 ml/min. In case of severe
renal dysfunction — enoxaparin 4000 anti-Xa MO
(40 mg; 0.4 ml) twice a day.

Surgical treatment according to the European
Society for Vascular Surgery is as follows [9]:

1. In case of no surgery on the vessels of the pe-
ritoneum indicated, the resection of the intestine is
performed within the vascular occlusion.

2. In large vascular occlusions — resection of a
gut is not performed.
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3. With limited damage — resection 20-25 cm
from the affected area.

4.If the peritoneal blood flow can be restored
during surgery, then only the obvious areas of
intestinal gangrene need to be removed and the borders
of the resection are closer to the necrotic tissues.

5. Surgery: thrombus-/embolectomy should be
performed not later than 5-6 hours after total occlu-
sion of the vessel.

Conservative therapy (systemic heparin therapy,
thrombolysis, endovascular interventions) for me-
senteric thrombosis is effective in some cases,
though it can be dangerous because of the inability
to assess the viability of the intestine. A good alter-
native is to combine conservative therapy with the
laparoscopic intestine assessment. However, con-
sidering the lung damage in patients with COVID-
19, pneumoperitoneum may worsen the respiratory
failure. Most likely, the optimal choice can be
laparotomy with intestinal revascularization and
resection of non-viable segments. Early detection
of mesenteric thrombosis is extremely important
in this situation. The key aspect in the treatment of
this complication is the vigilance of clinicians,
early CT angiography, and surgical treatment.
However, there is currently insufficient evidence
to say for sure what treatment tactic is the most
appropriate. There is a need for qualitative clinical
trials in the future to optimize the treatment and
diagnostic process and as much as possible
minimize mortality in patients with COVID-19
complicated by mesenteric vascular thrombosis.
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Fig. 2. Diagnostic mini-laparotomy in mesenteric thrombosis of the first segment
of the superior mesenteric artery in patient M., 53 y.o. with COVID-19

At the stage of intestinal ischemia, vascular
surgeries have been performed. At the infarction
stage — vascular surgery in combination with intes-
tinal resection or intestinal resection only.

The final decision on the non-viability of the
remaining intestinal loops was made only after the

vascular surgery. An important role is played by
early relaparotomy in patients who underwent inter-
ventions for acute mesenteric thrombosis, with
increasing necrotic changes in the intestinal wall.
Relaparotomy should be performed not earlier than
8-10 hours after the initial surgery.

Fig. 3. Diagnostic laparotomy, patient M., 69 y.o.
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The key purpose of the postoperative intensive
care was:

1. Correction of hemodynamic disorders, main-
tenance of circulating blood volume, improvement of
microcirculation, circulation in the tissues.

2. Normalization of gas exchange up to the use of
artificial lung ventilation.

3. Satisfying metabolic and organic needs of the
body with the use of drugs of parenteral food, not
less than 4000 calories. Administration of anabolic
hormones is suggested.

4. Preventive and therapeutic measures for pre-
venting renal and hepatic failure. Using inhibitors of
proteolytic enzymes, vitamins, cocarboxylase in
combination with osmodiuretics.

5. Measures for normalizing intestinal motility.

6. Rational antibiotic therapy for prevention of
wound infection and purulent complications.

CONCLUSIONS

1. Considering the COVID-19 pandemic and the
growing number of patients with mesenteric throm-
bosis, we can find out the cause-effect relationship
between these two diseases, in particular, coagu-
lopathic complications in patients with COVID-19
in the form of mesenteric thrombosis.

2. Acute mesenteric ischemia is a serious com-
plication of COVID-19, which has high mortality
rate and can occur as a late complication (in average,
7 days).

3. The “gold” standard for diagnosing mesenteric
thrombosis is intravenous contrast computed
tomography.

4. Treatment should include a set of conservative
and surgical procedures: embolectomy and vascular
stenting. In case of non-viable intestine, resection
should be done. In total mesenteric thrombosis,
surgery is palliative.

Contributors:

Stasyshyn A.R. — conceptualization, project ad-
ministration, supervision;

Stadnyk I.S. — investigation, formal analysis;

Doroshak A.I. — writing — review & editing;

Polianytsia [.M. — writing — original draft;

Bokhonko R.L. — methodology, validation;

Demianovych T.M. — visualization;

Matviychuk O.B. — software, data curation.

Funding. This research received no external
funding.

Conflict of interests. The authors declare no
conflict of interest.

REFERENCES

1. Farina D, Rondi P, Botturi E, Renzulli M, Borg-
hesi A, Guelfi D, et al. Gastrointestinal: Bowel ischemia
in a suspected coronavirus disease (COVID-19) patient.
Journal of Gastroenterology and Hepatology. 2020;36(1):41-
41. doi: https://doi.org/10.1111/jgh.15094

2. Glantz S. [Biomedical statistics]. Moscow: Prac-
tice; 1998. p. 459. Russian.

3. KaurP, QagaF, Ramahi A, ShamoonY, Sing-
hal M, Shamoon F. Acute upper limb ischemia in a
patient with COVID-19. Hematology/Oncology and Stem
Cell Therapy; 2020.
doi: https://doi.org/10.1016/j.hemonc.2020.05.001

4. KaurS, BansalR, KollimuttathuillamS, Gow-
da AM, et al. The looming storm: Blood and cytokines in
COVID-19. Blood Reviews; 2020 Mar.;46:100743.
doi: https://doi.org/10.1016/j.blre.2020.100743

5. KhesraniLS, ChanaK, SadarFZ, Dahdouh A,
Ladjadj Y, Bouguermouh D. Intestinal ischemia secondary
to Covid-19. J Pediatr Surg Case Rep. 2020 Oct.;61:101604.
doi: https://doi.org/10.1016/j.epsc.2020.101604

6. Levolger S, Bokkers RPH, WilleJ, Krop-
man RHJ, de Vries JPM. Arterial thrombotic compli-
cations in COVID-19 patients. J Vasc Surg Cases Innov
Tech. 2020;6(3):454-9.
doi: https://doi.org/10.1016/j.jvscit.2020.06.012

7. Mitchell M, Rakheja D, Gopal P. SARS-CoV-2-
related Hypercoagulable State Leading to Ischemic

22/ Tom XXVII/ 1

Enteritis Secondary to Superior Mesenteric Artery Thro-
mbosis. Clin Gastroenterol Hepatol. 2020 Jun 17:S1542-
3565(20)30835-1.
doi: https://doi.org/10.1016/j.cgh.2020.06.024

8. Pacioni C, Ponton S, Francavilla S, Cuzzoli A.
Arterial Mesenteric Thrombosis as a Complication of
SARS-CoV-2 Infection. Eur J Case Rep Intern Med.
2020;7(5). doi: https://doi.org/10.12890/2020 001690

9. Parry AH, Wani AH, Yaseen M. Acute Mesen-
teric Ischemia in Severe Coronavirus-19 (COVID-19):
Possible Mechanisms and Diagnostic Pathway. Acad
Radiol. 2020;27(8):1190.
doi: https://doi.org/10.1016/j.acra.2020.05.016

10. Singh B, Kaur P, Ajdir N, Gupta S, Maroules M.
Covid-19 Presenting as Acute Limb Ischemia. Cureus.
2020;12(7):e9344.
doi: https://doi.org/10.7759/cureus.9344

11. Vulliamy P, Jacob S, Davenport RA. Acute aorto-
iliac and mesenteric arterial thromboses as presenting
features of COVID-19. Br J Haematol. 2020;189(6):1053-
4. doi: https://doi.org/10.1111/bjh.16760

12. Yang S, Monnier-Cholley L, Arrivé L. Systemic
arterial thrombosis and acute mesenteric ischemia in a
patient with COVID-19. Intensive Care Med.
2020;46(7):1464-5.
doi: https://doi.org/10.1007/s00134-020-06079-2

CraTTs HamidIIa 10 peaaKiii

’ 06.01.2021

91





