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Morphological criteria of gallbladder destruction in patients with acute
cholecystitis, which occurred against the background of COVID-2019

The aim of the work: to study the morphological features of the gallbladder of acute cholecystitis, which occurred against the background
of COVID-2019.

Materials and Methods . Material for histological studies was collected from the proximal and middle third of the gallbladder, as well as
from the fundus. The obtained fragments of the gallbladder wall after fixation in a 10 % solution of neutral buffered formalin were pro-
cessed in the LogosOne histoprocessor and embedded in paraffin blocks. Tissue sections with a thickness of 5 pm obtained on an AMR400
rotary microtome were stained with hematoxylin and eosin. The obtained histological preparations were examined using a Nikon Eclipse
Ci-E light microscope. A Sigeta M3CMOS14000 digital video camera with Toup View software was used for photo documentation. With
the help of this program, morphometry of tissue structures was also carried out. All histological preparations were divided into 2 groups —
patients with acute cholecystitis and those with acute cholecystitis against the background of COVID-19.

Results and Discussion. During the morphological examination of the gallbladder of patients in the cholecystitis + COVID-19 group, it
was established that the thickness of the mucous membrane exceeded the similar indicator of the first group by 19.4 %, the differences
regarding the muscular and serous membranes were insignificant — an increase of 2.2 % and 1.7 %. The height of covering epithelio-
cytes regressed by 21.8 %, and the relative volume of affected cells also increased significantly — by 26.0 %. The share of blood vessels
increased by 14.4 % in the mucosa and by 9.8 % in the muscle. The described dynamics of morphometric parameters are relevant to the
changes detected by microscopy. Thus, the thickening of the mucous membrane under the conditions of a combination of cholecystitis
and COVID-2019 can be explained by more pronounced phenomena of edema and hyperemia of the mucous membrane. A decrease in the
height of epitheliocytes and an increase in the proportion of damaged cells indicate more intense destructive changes in the epithelium. An
increase in the proportion of blood vessels in different parts of the gallbladder wall does not indicate an improvement in its vascularization,
but is instead a morphometric marker of the severity of hemodynamic disorders (dilatation and engorgement of vessels, thrombosis). In
older people, there was a thinning of the muscle membrane by 11.6 %. Such a structural rearrangement, one should think, has a negative
effect on the contractile function of the gallbladder, reduces the force of its tension and contraction. Based on the study of histological
preparations, it can be stated that hemodynamic disorders and, in particular, thrombosis play an important role in the pathogenesis of acute
cholecystitis, which occurs against the background of COVID-2019.

Key words: COVID-2019; gallbladder; acute cholecystitis.

Background. In developed countries, 10-15 %
of the adult population is affected by gallstones. Ac-
cording to the third National Health and Nutrition
Examination Survey, 6.3 million men and 14.2 mil-
lion women aged 20 to 74 in the United States had
gallbladder disease [1-6]. In Europe, the Multicenter
Italian Study on Cholelithiasis (MICOL) examined
nearly 33.000 subjects aged 30 to 69 years in 18 co-
horts of 10 Italian regions. The overall incidence of
gallstone disease was 18.8 % in women and 9.5 % in
men. However, the prevalence of gallstone disease
varies significantly between ethnicities. Biliary colic
occurs in 1 to 4 % annually [1]. Acute calculus cho-
lecystitis occurs in 10 to 20 % of untreated patients.

The aim of the work. To study the morphologi-
cal features of the gallbladder of acute cholecystitis,
which occurs against the background of COVID-2019.

Materials and Methods. Material for histologi-
cal studies was collected from the proximal and mid-
dle third of the gallbladder, as well as from the fundus.
The obtained fragments of the gallbladder wall after

fixation in a 10 % solution of neutral buffered for-
malin were processed in the LogosOne histoprocessor
and embedded in paraffin blocks. Tissue sections with
a thickness of 5 pm obtained on an AMR400 rotary
microtome were stained with hematoxylin and eosin
[1]. The obtained histological preparations were exa-
mined using a Nikon Eclipse Ci-E light microscope.
A Sigeta M3CMOS14000 digital video camera with
Toup View software was used for photo documenta-
tion. With the help of this program, morphometry of
tissue structures was also carried out. All histologi-
cal preparations were divided into 2 groups — patients
with acute cholecystitis and those with acute chole-
cystitis against the background of COVID-19.

Results and Discussion. During the histological
examination of the wall of the gallbladder in both
studied groups, the picture of acute phlegmonous cho-
lecystitis prevailed. At the same time, a pronounced
leukocyte infiltration of a diffuse nature was observed,
which covered the mucous membrane with spread to
the submucosa and muscle membrane (Fig. 1).
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Fig. 1. Diffuse leukocyte infiltration of the mucous
membrane of the gallbladder, inflammatory hyperemia.
Study group 1. Staining with hematoxylin and eosin, x200.

Destructive changes were also observed in the
form of desquamation of the mucous membrane epi-
thelium with the formation of erosions, the formation
of microabscesses in the submucosal layer (Fig. 2).

Fig. 2. Diffuse leukocyte infiltration of the mucous
membrane of the gallbladder, desquamation of the epithe-
lium, microabscesses. Study group 1. Staining with hema-
toxylin and eosin, x200.

In the second studied group, against the back-
ground of the acute inflammation described above,
pronounced hemodynamic disorders occurred: hemor-
rhaging of vessels, hemorrhages, stasis phenomena in
the vessels of the microcirculatory channel (Fig. 3).
These dyscirculatory disorders had a diffuse nature
and were visualized in all areas of the mucous mem-
brane, as well as in deeper structures of the gallbladder
wall. At the same time, in some places, the hemorrhag-
es acquired a torrential character, forming extensive
centers of hemorrhagic infiltration (Fig. 4).

Fig. 3. Pronounced hyperemia, hemorrhages, pheno-
mena of stasis in the vessels of the microcirculatory chan-
nel of the mucous and muscular membrane of the gallblad-
der, signs of acute inflammation. Study group 2. Staining
with hematoxylin and eosin, x200.

Fig. 4. A center of hemorrhagic infiltration of the
muscular membrane of the gallbladder, vessel thrombosis,
signs of acute inflammation. Study group 2. Staining with
hematoxylin and eosin, x200.

Another element of the complex of pathologi-
cal changes in patients with cholecystitis against the
background of COVID-2019 was vascular thrombosis,
which occurred in most observations. This process had
a disseminated nature and was fixed both in the mucous
membrane and in the muscle membrane (Fig. 5).

Also, in both studied groups, the manifestations
of adenomyomatosis were observed in some places
— focal proliferation of the mucous membrane epi-
thelium with intussusception into the hypertrophied
muscle membrane and the formation of pseudoglan-
dular structures — Rokitansky-Ashoff sinuses (Fig. 6).
Inflammatory infiltration was also noted perifocally
around them.

According to the results of morphometry, the
thickness of the mucous, muscular and serous mem-
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Fig. 5. Thrombosis of a vein of medium caliber and
small vessels, sharply expressed perivasal leukocyte infil-
tration. Study group 2. Staining with hematoxylin and eo-
sin, x200.
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Fig. 6. Sinus of Rokitansky-Ashoff in the muscular
membrane of the gallbladder. Study group 2. Staining with
hematoxylin and eosin, x200.

branes of the gallbladder, the height of the covering
epithelial cells of the mucous membrane, the relative
volume of epithelial cells with signs of alteration, and
the relative volume of blood vessels per unit area of
the mucous and muscular membranes were evaluated.

Comparing the obtained data, it was determined
that the thickness of the mucous membrane in the
second studied group exceeded the similar indicator
of the first group by 19.4 %, the differences in the
muscular and serous membranes were insignificant
— an increase of 2.2 % and 1.7 %. The height of co-
vering epitheliocytes in the second group regressed
by 21.8 %, and the relative volume of affected cells
also increased significantly — by 26.0 %. The share
of blood vessels increased by 14.4 % in the mucosa
and by 9.8 % in the muscle. The described dynam-
ics of morphometric parameters are relevant to the

changes detected by microscopy. Thus, the thickening
of the mucous membrane under the conditions of a
combination of cholecystitis and COVID-2019 can be
explained by more pronounced phenomena of edema
and hyperemia of the mucous membrane.

A decrease in the height of epitheliocytes and an
increase in the proportion of damaged cells indicates
more intense destructive changes in the epithelium
in the second group. The increase in the proportion
of blood vessels in different parts of the gallbladder
wall in the second studied group does not indicate
an improvement in its vascularization, but is instead
a morphometric marker of the severity of hemody-
namic disorders (dilatation and engorgement of ves-
sels, thrombosis), which is fully consistent with the
histological picture depicted above. Within the se-
cond studied group (combination of cholecystitis and
COVID-2019), a comparison of morphometric indi-
cators of patients of young (up to 59 years, 4 cases)
and older (more than 60 years, 8 cases) age groups
was also performed. At the same time, the following
differences were revealed. In older people, there was
a thinning of the muscle membrane by 11.6 %. Such
a structural rearrangement, one should think, has a
negative effect on the contractile function of the gall-
bladder, reduces the force of its tension and contrac-
tion. Similar data on age-related aspects of gallblad-
der wall remodeling have been published by other
researchers. The height of covering epitheliocytes in
the older age subgroup regressed by 10.2 % relative to
the indicators of younger age, in parallel, the relative
volume of altered epitheliocytes increased by 17.2 %.

Conclusion. Based on the study of histological
preparations, it can be stated that hemodynamic dis-
orders and, in particular, thrombosis play an important
role in the pathogenesis of acute cholecystitis, which
occurs against the background of COVID-2019. The
latter is probably a local reflection of the systemic
imbalance of hemostasis inherent in the coronavirus
disease. Thrombosis should be considered as a signif-
icant factor in the disruption of the blood supply of
the mucous membrane of the gastrointestinal tract,
which in turn leads to a greater severity of its alte-
rative changes under the conditions of the association
of cholecystitis and COVID-2019. The latter is also
confirmed by the results of a morphometric study, in
particular, a 26.0 % increase in the share of damaged
epitheliocytes. In addition, morphometric data indicate
more pronounced alterative changes in the epithelium
of the mucous membrane of the gallbladder in patients
after 60 years, as well as about the age-related remo-
deling of the structural components of the organ wall.
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Otpumano 10.03.2022

TepHONINbCbKNIA HaLioHaNbHWI MeauYHUIA yHIBEpCUTET iMeHi |. H. FTopbayeBcbkoro MO3 YkpaiHu

MOP®OJIOTTYHI KPUTEPIi IECTPYKIIIi )KOBUHOT'O MIXYPA Y XBOPUX HA TOCTPUI

XOJIEICTUT, IO BUHUK HA TJII COVID-2019

Mera po6oTu: BUBYHTH MOP(OJIOTiuHi 0COOIMBOCTI JKOBUHOTO MiXypa MPH FOCTPOMY XOJIELIMCTHUTI, 110 BUHUK Ha T1i COVID-2019.

Marepianu i Meroau. 3abip Matepiay /151 riCTOMIOTUHKX JOCTi/PKeHb 3/iHCHIOBA/IM i3 TPOKCHMAJIbHOI Ta Cepe/iHbOI TPETHHH KOBYHOTO
Mixypa, a TakoX i3 AingHKy aHa. OTprMaHi hparMeHTH CTiHKM Mixypa mics dikcariii B 10 % po3uuHi HeliTpanbHOro 3abydepenoro ¢op-
MaJtiHy 06po6sisiiv B ricTorporiecopi LogosOne Ta 3anuBasu B apacgiHosi 6710ku. TKaHUHHI 3pi3u 3aBTOBLIKM 5 MKM, OTPHMaHi Ha pOTOp-
Homy Mikporomi AMR400, 3a6apB/toBaii reMaToKCH/IiHOM i eo3uHoM. OTpUMaHi ricTooriuHi npenaparu JoCTi/KYBaIu 3a JOIIOMOTO0
cBiTioBoro mikpockona Nikon Eclipse Ci-E. ] doToz0KyMeHTyBaHHSI BUKOPHCTOBYBa/IX LUpoBy Bifeokamepy Sigeta M3CMOS14000
3 mporpamMHuM 3ab6e3mneuerHsM Toup View. 3a 0MOMOroro L€l MporpaMu TaKOX 34ilCHIOBaMd MOPGOMETPil0 TKAHUHHUX CTPYKTYP. Yci
ricronoriuni npenaparu 6y/u TIOAiIeH] Ha 2 TPYNM — MALli€EHTH, 110 TIePeXBOPiIM Ha TOCTPHI XOJIELICTUT, Ta Ti, 1110 XBOPi/IM Ha TOCTPHI

xonerctuT Ha T COVID-19.

Pe3synbraru JoCifpkeHb Ta ix o6rosopeHHs. [Ipy Mopdo/oriyHOMy [JOCTI/PKeHHI )KOBYHOIO MiXypa XBOPHX Y IPYIi XOJELMCTHT +
COVID-19 BCcTaHOB/IEHO, 1[0 TOBIIWHA C/IM30BOI 000JIOHKH TIePeBHIIyBaa aHaIOr UHUE MOKa3HKUK Mepiuoi rpynu Ha 19,4 %, BiqmiHHOCTI
110710 M’5130B01 Ta cepo3HOi 000/I0HOK Gy HeCyTTEBUMH — 30ibIeHHs Ha 2,2 % Ta 1,7 %. Bucora MOKPUBHUX eIiTe/TiOLHTIB perpecyBasa
Ha 21,8 %, Takox icToTHO — Ha 26,0 % — 3pocTaB BifHOCHUI 06’e€M ypakeHHX KITiTHH. YacTKa KpOBOHOCHHX CyZMH 3pocTana Ha 14,4 %y
C130Bii 060s10HL Ta Ha 9,8 % y M’s30Biit. OnucaHa JuHaMika MOP(OMETPHUUHKX TTlapaMeTpiB peeBaHTHA 3MiHaM, BUSIBIEHUM TIPH MiK-
pockorii. Tak, MOTOBILEHHsI C/IM30BOI 000JIOHKK 32 YMOB MoeAHaHHs xoectiuty Ta COVID-2019 MO)KHA MOSICHUTH Oi/bII BUDOKEHUMHA
sIBULLIAMH HaOpSIKy Ta rinepemii c/m30Boi 0607I0HKU. 3MeHIIIeHHs] BUCOTH eITiTe/TiOLUTIB Ta 3pOCTaHHs YaCTKH TMOLIKO/DKEHNX KJTiTHH BKa3ye
Ha IHTeHCHBHIlIi |eCTPYKTHBHI 3MiHU eMiTesit0. 3pOCTaHHsl YaCTKM KPOBOHOCHUX CY[MH Yy Pi3HHMX Bififlilax CTiHKM >KOBYHOTO MiXypa He
CBiJJUMTB PO MOKpAIlleHHs Il BaCKy/isipu3aliii, HaTOMiCTb € MOP(OMETPUUHUM MapKepOM BUPA3HOCTi reMOJMHAMIUHKX PO3/1aiiB ([uaTaLis
Ta MOBHOKPIB’s1 CyauH, TpoM603). Y 0cib cTapiuoro Biky Masio Miciie cToHIeHHst Ha 11,6 % m’s130B0i 060/10HKH. Taka CTpPyKTypHa repedyzo-
Ba, CJTifl yMaTy, HEraTUBHO BIUIMBAE Ha CKOPOT/IMBY (DYHKIIif0 )KOBUHOTO MiXypa, 3MEHIIy€ CH/Ty HOro Harpy)KeHHs Ta CKOPOUeHHs!.

Ha mizcTaBi gocijpKeHHS riCTOMOrYHMX MperapaTiB MOKHa CTBEPZAYKYBaTH, IIj0 B [1aToreHe3i TOCTPOro XOMeIMCTHTY, sIKUi Iiepebirae Ha
w1 COVID-2019, Ba)x/IMBYy pOJib BiJirparoTh reMOANHAMIYHI po3/1aay i, 30Kpema, Tpomb03.

Kimrouogi croBa: COVID-2019; koBUHNMIA MiXyp; TOCTPHIT XOTELUCTHUT.
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