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ABSTRACT

Background. Hepatic echinococcosis poses a great threat to human health and life. In order to minimize the risk of disability and speed up
the postoperative recovery process, it is necessary to make an informed choice of the surgical treatment approach to be used. However, it
is still unclear when traditional surgical methods should be applied and when less traumatic, minimally invasive, ultrasound-guided inter-
ventions can be used. This is what prompted this study. The article presents the results of using different surgical methods to treat patients
with hepatic echinococcal cysts. Aim. To improve the outcomes of treating patients with hepatic cystic echinococcosis by optimizing the
surgical approach using percutaneous minimally invasive and traditional surgical interventions. Methods. A non-randomized comparative
study was conducted at the Sklifosovsky Institute for Emergency Medicine of the Moscow Department of Health. The subjects were treated
in 2010-2020, with a follow-up period of four years after surgical treatment. A total of 78 patients with hepatic echinococcal cysts aged 18
to 78 years were treated. At the preoperative stage, medical history was collected from all patients, including data on migration during life.
The diagnosis of all patients was confirmed through laboratory tests, instrumental methods (computed tomography and ultrasound), and a
morphological examination of surgical material. All patients were divided into four groups: three groups of patients treated using different
percutaneous minimally invasive methods and a comparison group of patients who underwent traditional surgery. The systematization of
the material and its primary mathematical processing were performed using Excel 2016 (Microsoft, USA). The obtained numerical data were
processed via methods of mathematical statistics using IBM SPSS Statistics 26 Version (IBM, USA). Results. In the sample distribution
of the studied groups by gender, age, as well as the number of cysts and concomitant diseases, no statistically significant differences were
identified; however, the study yielded several results indicating the advantages of using minimally invasive treatment for hepatic echino-
coccal cysts. In spite of the high likelihood of biliary fistulas and a suppurative residual cavity occurring with the use of minimally invasive
methods, a statistically significant reduction in the operation time, duration of anesthesia in the postoperative period, and blood loss were
observed, which in turn reduced the stay in the inpatient surgical facility. Conclusion. Minimally invasive methods can be used in all types
of hepatic echinococcal cysts, as well as traditional surgery. It is reasonable to perform minimally invasive interventions if the clinic is ade-
quately equipped and the surgeon is experienced in minimizing postoperative complications and recurrences.

KEYWORDS: hepatic echinococcosis, hydatid worm, echinococcal cyst, surgical treatment

FOR CITATION: Boyarinov V.S., Rogal M.L., Novikov S.V., Dzhagraev K.R., Yartsev P.A. Optimization of the surgical approach to
treating hepatic cystic echinococcosis: A retrospective observational study. Kuban Scientific Medical Bulletin. 2024;31(3):17-29. https://doi.
0rg/10.25207/1608-6228-2024-31-3-17-29

FUNDING: No funding support was obtained for the research.

CONFLICT OF INTEREST: The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT: Data supporting the conclusions made in this study can be obtained from the corresponding au-
thor on a reasonable request. The data and statistical methods presented in the article were statistically reviewed by the editor of the journal,
a certified biostatistician.

COMPLIANCE WITH ETHICAL STANDARDS: The study complies with the Declaration of Helsinki standards; the study protocol was
confirmed to comply with ethical principles by the Local Committee for Ethics (Minutes No. 15575 as of August 20, 2016) of the Sklifos-
ovsky Institute for Emergency Medicine of the Moscow Department of Health (Bolshaya Sukharevskaya Sq., 3, Moscow, Russia).
AUTHOR CONTRIBUTIONS: V.S. Boyarinov, M.L. Rogal, S.V. Novikov, K.R. Dzhagraev, P.A. Yartsev — concept formulation and
study design; V.S. Boyarinov, S.V. Novikov — data collection; M.L. Rogal, S.V. Novikov, P.A. Yartsev, K.R. Dzhagraev — analysis and
interpretation of the obtained results; V.S. Boyarinov — literature review and statistical analysis; V.S. Boyarinov — drafting of the manu-
script and preparation of its final version; M.L. Rogal, S.V. Novikov, K.R. Dzhagraev, P.A. Yartsev — critical revision of the manuscript for
valuable intellectual content. All the authors approved the final version of the manuscript prior to publication, agreeing to be accountable
for all aspects of the work, meaning that issues related to the accuracy and integrity of any part of the work are appropriately examined and
resolved.

*CORRESPONDING AUTHOR: Vladimir S. Boyarinov, surgeon, Surgical Department, Sklifosovsky Institute for Emergency Medicine,
Moscow Department of Health. Address: Bolshaya Sukharevskaya Sq., 3, Moscow, 129090, Russia. E-mail: BoyarinovVS@sklif.mos.ru

Received: 12.12.2023 / Revised: 29.04.2024 / Accepted: 18.05.2024

© Boyarinov V.S., Rogal M.L., Novikov S.V., Dzhagraev K.R., Yartsev P.A., 2024

Kuban Scientific Medical Bulletin / Ky6anckuit Hay4HbBIH METUIIMHCKUI BECTHUK 1
2024 | Vol. 31 | Ne 2 | 17-29 7


https://crossmark.crossref.org/dialog/?doi=10.25207/1608-6228-2024-31-3-17-29&domain=pdf&date_stamp=2024-06-28

ORIGINAL ARTICLES / OPUTMHAJIBHBIE CTATBU CLINICAL MEDICINE / KIIMHUYECKA I MEJULINHA

OnTuMu3zanus XupypruueckKoil TAKTHKH NMPU KUCTO3HOM 3XHMHOKOKKO3€ MeYeHH:
PeTPOCNEKTHBHOE 00CepBALMOHHOE HCCJIeNOBAHNE

B.C. BOﬂpuHOG@, M.JL Pocanw, C.B. Hosukos, K. P. [[ocaepaes, 11.A. fpyes

locymapcTBeHHOE OIOMKETHOE YUPEXKISHHE 3ApaBOOXpaHeHus ropoma Mockssl «HaydHo-nccinenoBaTenbCKUH HHCTUTYT
ckopoit nomommu uM. H.B. Crindocosckoro JlenapramenTa 31paBooxpaHeHus ropoga Mockse», . bonsmas CyxapeBckas,
n. 3, . Mocksa, 129090, Poccus

AHHOTAIIUA

BBenenue. DXMHOKOKKO3 IIEUECHH MPEACTABIISAECT OONBLIYIO YIPO3Y IJIS 3M0POBbS M KHM3HH 4elnoBeka. HeoOXoquM B3BEIICHHBIIT BEIOOp XH-
Ppyprudeckoil TAKTHKH JICYCHHUS, YTOOBI MAKCUMAJIHO CHU3UTh PUCKY MHBAINAM3AINH U YCKOPUTH IIPOLECC MOCIEONEPA[IOHHOTO BOCCTa-
HOBJIEHHA. Bompoc, B KakHxX CilydastX CTOUT NPUMEHSTH TPAaJUIUOHHBIE XHPYPrUIeCKHe METOIbI, a B KAKUX MOXXHO OIPaHHYHTHCS MEHee
TpaBMaTHYHbBIMH MHUHHMAJbHO MHBA3WBHBIMH BMEIIATEIECTBAMU IO/ YJIBTPa3BYKOBBIM KOHTPOJIEM, OCTACTCS OTKPBITBIM. JTH JOBOJBI
U JIaJIi HaM T0BOJ| K IPOBEICHUIO ITAaHHOTO UCCIIEZIOBAaHMA. B craThe mpencTaBieHbl pe3yIbTaThl Pa3IMYHBIX XHUPYPrUYECKUX METOJIOB Jie-
YeHHs1 OOJBHBIX C IXMHOKOKKOBBIMM KHCTaMu TedeHu. Ilesib neceseoBaHusl — yJydllleHHe pe3yJIbTaToB JICYEHHs OOJIBbHBIX ¢ KHCTO3HBIM
9XMHOKOKKO30M IICYECHH IyTEM ONTUMM3AIMU XUPYPTrUUECKOH TaKTHKU C IPUMEHEHHEM YPECKOKHBIX MHHHUMAJIBHO HHBa3HBHBIX BMeIla-
TENILCTB M TPAJUIMOHHBIX XHPYPrHUecKHX BMemarenscTB. Metoabl. IIpoBeneHo HepaHIOMH3MPOBAHHOE CPaBHUTEIBHOE HCCIIEIOBaHHE
Ha 0a3e TocyJapCTBEHHOTO OIOJKETHOTO yUPEeXkJICHUs 3ApaBOOXpaHeHus ropora Mockssl «Hay4Ho-HccneoBaTebCKiii HHCTUTYT CKOPO
oMot uM. H.B. CknngocoBckoro nenapraMmeHTa 31paBooxpaHeHust ropoga MockBbly. JleueHne HCIBITYEMBIX IIPOBOAMIIOCH B MEPHOL
¢ 2010 mo 2020 rox, MpOAOIKUTEIBHOCTD MIEPHOZIA HAOIIOAECHUS OCIIE XUPYPrUUYECKOro JIe4eHUs cocTaBisia 4 roga. beun nponedeHs! 78 ma-
LIHEHTOB C >XMHOKOKKOBBIMHU KHCTAaMH MIEYSHHU B Bo3pacTe oT 18 1o 78 net. Ha noonepamiorHoM stane y Bcex O0IbHBIX ObUT cOOpaH aHaMHE3
3a00JIeBaHsL, BKJIIOUast MOMEHTHI MUTPALIMHU B TEYCHHE KU3HH. Y BeeX OOJNBHBIX JUArHO3 ObLI IIOATBEPIKACH 1a00paTOPHO, HHCTPY MEHTAJIBHO
(xomMmBIOTEpHAST TOMOT padus, yIbTpa3ByKOBOE HCCIEI0BAHUE) U MOP(OIOTMIECKIM HCCIIE0BAaHUEM OlIepalluOHHOr0 MaTepuaa. Bee manu-
SHTBI OBUIN pacIipe/ieieHbl Ha 4 TPYIIIBL: TPH FPYIINEI ¢ Pa3JINYHBIMU METOAAMH IIPUMEHEHH ST YPECKOKHO MHHUMAJIBHO HHBAa3UBHBIX BMeIIIa-
TENBCTB U TPYTITY CPaBHEHUSI C TPAJUIIMOHHBIMH XUPYprudecKkuMu Metofamu. CucTeMaTu3anys MaTepraia 1 IepBUYHas MaTeMaTHIecKast
00paboTka ObLIM BBIIOIHEHBI C MOMOLIbI0 IporpamMmHoro makera Excel 2016 (Microsoft, CIIIA). TlonyuenHbie nndpoBbie TaHHbIE ObLTH
00paboTaHBl METOZAMHU MAaTEMaTHYECKOM CTATUCTUKH C UCTIOIB30BaHHEM KOMIIBIOTEpHOI mporpaMmMbl IBM SPSS Statistics 26 Version (IBM,
CHIA). Pe3yabratsl. B pactpesneneHun BBIOOPOK HCCIEAYEMbIX TPYIIII ITO HOJLY, BO3PACTY, KOIHYECTBY KUCT H COIYTCTBYIOLINX 3a001eBaHHI
CTaTUCTUYECKH 3HAYMMBIX pa3IM4Hi He BBISIBICHO, OHAKO HA OCHOBAHHUHM IIPOBEICHHOTO HAMHM MCCIJICIOBAHMUS OB MOTYy4eH PsJi pe3yibTa-
TOB, CBHJETENBCTBYIOIUX O MPEUMYIECTBAX MUHIUMAIFHO HHBA3HBHOTO JICUSHN ST 9XMHOKOKKOBBIX KUCT IedeHn. HecMoTpst Ha Oomboryio
BEPOSTHOCTH BO3HUKHOBCHUSI )KEJTYHBIX CBUILCH W HATHOCHHSI OCTATOYHOW MOJIOCTH MPU IPHMEHEHUH MHHUMAaJIbHO HHBA3HUBHBIX METOJIOB,
O0TMEYaJIOCh CTATUCTHYECKH 3HAUMMOE COKPALEHHE AITUTSIbHOCTH ONEpaLid, JIMTEIBHOCTH 00€300IMBaHuUS B IOCICONEPALIIOHHOM HEpH-
07ie, YMEHBIICHHE KPOBOIIOTEPH, YTO, B CBOIO OYEPE/ib, IIPHBEJIO K COKPAIEHHIO TPEObIBAaHUS B XUPYPIrHYECKOM CTallOHApe. 3aKII0YeHue.
ITprMeHeHre MUHIMAJIBHO HHBAa3UBHBIX METOIOB BO3MOXKHO IIPH BCEX THUIAX SXHHOKOKKOBBIX KHCT IICUCHH HapaBHE C IPHMECHEHHEM Tpa-
JUIAOHHBIX XUPYpPrHYeCKUX METOHOB. MUHMMAIbHO HHBAa3UBHBIE BMEIIATEIHCTBA [eecCO00Pa3Hbl IPH HAIWYHH JOJDKHOTO OCHAIEHUS
B KJIMHUKE ¥ OIBITa XUPYypra It MUHIMHU3AIHHA MTOCJICONEPA[IOHHBIX OCJIOXKHEHNHN U PELHINBOB.

KJIFIOUYEBBIE CJIOBA: 5XHHOKOKKO3 IIEYeHH, 5XHHOKOKK, 3XHHOKOKKOBAsI KHCTa, XHPYPru4ecKoe JIeUeHNue
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BACKGROUND

According to the World Health Organization (WHO), over
two billion people worldwide suffer from hepatic echinococ-
cosis. About 200 per 100 000 population are affected annually
[1]. Cystic echinococcosis and alveolar echinococcosis are the
two most common forms of human echinococcosis that are
caused by the larval stages of Echinococcus granulosus and
Echinococcus multilocularis, respectively [2, 3].

In 2020, over 5000 confirmed cases of echinococcosis were
reported in the European area. Of these, over half of these
cases were caused by Echinococcus granulosus.' The epide-
miologic situation regarding the incidence of echinococcosis
in Russia also remains difficult, with over 500 new cases of
echinococcosis reported annually across the country? [4]. Most
commonly, echinococcal cysts occur in the liver (approximate-
ly 70% of all cases of echinococcosis) [5, 6].

It is recommended to use chemotherapy for echinococcal
cysts of under 5 cm. In case of negative cyst growth dynamics,
minimally invasive treatment is possible [7, 8].

The main strategy for surgical treatment of hepatic echino-
coccosis includes conventional echinococcectomy, as well as
percutaneous minimally invasive interventions (PAI (puncture,
aspiration, injection), PAIR (puncture, aspiration, injection,
re-aspiration) and PEVAC (perifoveal exudative vascular anom-
alous complex)) [9, 10]. Complications and risks after PAI and
PAIR do not exceed those after traditional surgery [11].

Postoperative mortality is reported to be as high as 0.5-8%,
and the rate of postoperative complications ranges from 12%
to 80% depending on the type of surgical intervention, as well
as the type and localization of echinococcal cysts. After open
and minimally invasive surgical treatment, recurrence occurs
within a wide range of 2%-22%" [12, 13].

This may be attributed to the absence of a single universally
accepted protocol in the surgical treatment of hepatic echinococ-
cosis that takes into account the form and morphological stage
of the disease, which is due to the insufficient evidence to estab-
lish indications for choosing a surgical access (minimally inva-
sive and traditional surgery), as well as methods for eliminating
and treating residual cavity after echinococcectomy. Although
percutaneous methods for removing hepatic echinococcal cysts
under diagnostic imaging control are aimed at minimal trauma
and rapid rehabilitation with the patient returning to everyday
life and work in the shortest possible time, the number of clinics
where percutaneous surgical interventions are used to treat echi-
nococcal cysts is small in Russia [14, 15].

In this connection, it is relevant to determine the superiority
of one of the surgical methods (traditional or minimally inva-
sive) for treating hepatic echinococcosis.

The study aims to improve the outcomes of treating patients
with hepatic cystic echinococcosis by optimizing the surgical
approach using percutaneous minimally invasive and tradi-
tional surgical interventions.

METHODS
Study design

A retrospective observational clinical study of patients with
hepatic echinococcal cysts was conducted; seventy-eight pa-
tients participated in the study.

Eligibility criteria
Inclusion criteria

Patients with hepatic echinococcal cysts and patients with
coexisting damage of liver and other parenchymal organs at
various stages of life; inpatients treated at the Department for
Emergency Surgery, Endoscopy, and Intensive Care (Surgical
Department No. 2) of the Sklifosovsky Institute for Emergen-
cy Medicine in 2010-2020; patients aged from 18 to 78 years;
size of echinococcal cysts from 5 cm and larger; patient’s con-
sent for surgical intervention.

Exclusion criteria

Size of echinococcal cysts of under 5 cm.
Removal criteria

A patient’s refusal to further participate in the study, acute
inflammatory diseases, and blood-clotting disorders.

Study conditions

The patients were treated in the Surgical Department No. 2
of the Sklifosovsky Institute for Emergency Medicine of the
Moscow Department of Health in 2010-2020.

Study duration

The groups of subjects were selected and the results were re-
corded in 2010-2020. The observation period lasted ten years,
while the follow-up period after surgical treatment was four
years.

Description of the medical intervention

Clinical diagnosis was made on the basis of collected com-
plaints, medical history, serologic testing, an abdominal ul-
trasound, and an abdominal CT scan, as well as cytologic or
histologic examination of surgical specimens.

The leading modern methods for treating echinococcal dis-
ease are percutaneous minimally invasive interventions such
as PAI (puncture, aspiration, injection), PAIR (puncture, as-
piration, injection, re-aspiration), and PDE (percutaneous
drainage, evacuation). In order to achieve the anti-scolecidal
effect, the following germicides were used: glycerol (99%),
sodium hypochlorite (1%), sodium chloride (30%), and eth-
anol (>90%) [16]. Prior to choosing any surgical treatment
option, irrespective of whether it is traditional or minimally
invasive surgery, the surgical approach and possible complica-
tions were discussed with the patients.

In this study, the PDE under ultrasound and radiographic
guidance was the predominant procedure among minimally
invasive interventions. A total of 27 patients with cyst size
greater than 5 cm underwent the PDE; the interventions were

' European Centre for Disease Prevention and Control. Surveillance systems overview. Stockholm: ECDC; 2021. Available: https:/www.ecdc.europa.eu/

en/publications-data/surveillance-systems-overview-2021

2 Demidenko LA, Fedorets AV, Namazova LE. Development dynamics of echinococcosis in Russia. Chelovek-Priroda-Obshchestvo: Teoriia i Praktika

Bezopasnosti Zhiznedeiatel 'nosti, Ekologii i Valeologii. 2019;5(12):136-140.

3 Ikramov RZ, Zhavoronkova Ol, Botiraliev ASh, Olifir AA, Stepanova YuA, Vishnevskii VA, Zhao AV. Modern approaches in the treatment of hepatic

echinococcosis. Vysokotekhnologicheskaya Meditsina. 2020;7(2):14-27.
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performed in patients with all types of cysts according to the
Gharbi ultrasound classification [17]. All operations were per-
formed in a specialized operating room equipped with Logiq
¢ (China) and Esaote My lab 70, 500 (Italy) ultrasound sys-
tems having linear and 3.5-5 mHz curvilinear transducers, as
well as C-arm systems OEC Elite (GE OEC Medical Systems,
USA) and Arcadis Avantic. The surgical and anesthesia teams
used lead aprons and collars (RA623 and RA614) to protect
themselves from radiation exposure. All operations were per-
formed under intravenous or endotracheal anesthesia with the
patient lying on their back or side. Following a triple pre-op-
erative skin treatment with an antiseptic solution, a safe tra-
jectory was determined under ultrasound guidance, so that the
liver parenchyma layer over the cyst was at least 5 cm and no
large blood vessels, bile ducts, and pleural sinus were pres-
ent on the needle path. Primary drainages were performed by
means of a single-stage system using Balton pig-tail catheters
with stylets (6Fr, 9Fr, and 12Fr); in all the cases, a “free-hand”
procedure was applied. After a 3—5 mm skin incision under
ultrasound guidance, a catheter was inserted into the cyst in a
swift, instantaneous motion. Then, the mandrel with the sty-
let was removed from the system, and the tube was lowered
into the cyst cavity to completely aspirate the contents under
ultrasound guidance. The contents of the cyst cavity were sub-
mitted to the laboratory for cytologic examination and bacte-
rial culture. The volume of aspirated fluid ranged from 30 mL
to 3000 mL. In 76% of cases, clear, transparent contents with
hydatid sand were noted, while 24% of cases exhibited tur-
bid discharge with signs of infection. In order to timely detect
communication with bile ducts, the contents of the cysts were
analyzed for bile acids using a Total Bile Acid (TBA) assay kit
[18]. Cystography was performed, with Ultravist 100 (Bayer
ScheringPharma) used as the contrast agent. After excluding
biliary fistulas, 99% glycerol was injected into the cyst cav-
ity in the amount equal to 1/3—1/2 of the initially aspirated
volume followed by exposure for ten minutes. After exposure,
all glycerol was aspirated from the cyst cavity. A J-shaped
guide or several Amplatz guides (COOK) were inserted into
the cavity through the tube. Once the guides were inserted,
the initial tubes were withdrawn. One of the guides, depend-
ing on the clinical situation, was used to widen the drainage
channel with 18 Fr to 30 Fr bougies (Balton, COOK). After
that, one guide wire was used to insert one Balton 9 Fr pig-tail
tube and the second guide wire was used to insert a Balton
silicone tube (from 18Fr to 30Fr depending on the cyst size).
Once the tubes were replaced with those having a larger di-
ameter, it became possible to evacuate chitinous shells from
the cyst cavity. All chitinous shells were sent for a histologic
examination. Tubes were fixed to the skin with two threads;
urine collectors were connected to the drains; an aseptic dress-
ing was applied to the wound. After surgery, the patients were
transferred to the general surgery department. From the first
hours of the postoperative period, a single dose of analgesia
(a 2.0 ketoprofen solution) was administered intramuscularly;
no physical limitations were present; the patients were mo-
bilized in the first hours after surgery. At day 1 after surgery,
a pleural cavity ultrasound, an abdominal ultrasound, and a

fistulography were performed. With adequate drainage and as-
piration and no fluid accumulations in the abdominal cavity
and pleural cavities, the patients were discharged with func-
tioning drainage tubes. Prior to discharge, the patients were
instructed on the rules of cavity flushing through tubes, apply-
ing dressings, and how to act in unforeseen situations. At the
outpatient treatment stage, it was recommended to flush trough
tubes with 0.05% chlorhexidine aqueous solution diluted 1/2
with a 0.9% sodium chloride solution twice a day; the amount
of flushing was discussed individually, taking into account the
amount of initial drainage from the cyst. After surgery, the pa-
tients had a follow-up every 7-14-30 days, depending on the
size of the primary cyst, anatomical features, and dynamics of
residual cavity obliteration. As the amount of drainage through
the tubes and the volume of the residual cavity decreased, the
tubes were replaced with those having a smaller diameter. The
tubes were replaced on an ambulatory basis under fluoroscopic
guidance without anesthesia, taking the already-formed drain-
age channels into account. The time required to reduce the size
of the residual cavity varied from 15 to 60 days. This method
is not recommended in patients with the calcification of cyst
walls due to prolonged or impossible obliteration of the resid-
ual cavity and elimination of the infectious process.

The PAIR method was used to treat 24 patients; all surger-
ies were performed according to the procedure previously de-
scribed for the PDE.

Drainages were performed by means of a single-stage system
using Balton pig-tail catheters with stylets: 6Fr or 9Fr depend-
ing on the anti-scolecidal agent to be administered. Sodium
hypochlorite, sodium chloride, or ethanol were administered
using 6 Fr catheters, while 9 Fr catheters were used for glycer-
ol. In all the cases, a “free-hand” procedure was applied. After
performing a fistulogram and excluding biliary fistulas, the cyst
cavity was injected with glycerol (99%), sodium hypochlorite
(1%), sodium chloride (30%), or ethanol (>90%) in the amount
equal to 1/3—1/2 of the initially aspirated volume, followed by
exposure for ten minutes. After exposure, all germicide was as-
pirated from the cyst cavity and the tube was withdrawn.

After surgery, the patients were transferred to the general
surgery department, and they required no analgesic therapy;
At day 1, the patients were discharged to continue outpatient
treatment.

After discharge, patients underwent an ultrasound examina-
tion after one month and then every three months after that.
This method was used in patients with all types of cysts.

The PAI method was used to treat 14 patients; all surger-
ies were performed according to the procedure previously de-
scribed for the PDE and PAIR.

The puncture was performed under ultrasound guidance in a
single-stage manner using a Chiba needle 18G. Following as-
piration, the cyst cavity was injected with sodium hypochlorite
(1%), sodium chloride (30%), or ethanol (>90%) in the amount
equal to 1/3—1/2 of the initially aspirated volume. Next, the
puncture needle was removed. In the absence of adverse reac-
tions after surgery, the patients were discharged at day 1.

In this study, the traditional surgery method is represent-
ed by pericystectomy with cold argon plasma electrocoagu-
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lation of the fibrous capsule; thirteen patients underwent the
operation. All operations were performed under endotracheal
anesthesia, with access to the cyst obtained by performing a
J-shaped laparotomy. Then, intraoperative ultrasound was
performed to determine the localization of cysts, to identify
previously undetected cysts, and to determine how the cysts
were located relative to the bile ducts and liver vessels. Prior
to cyst isolation, the free abdominal cavity was carefully sep-
arated, first with dry tissues and then with tissues moistened
with germicide; after that, the liver was mobilized using the
traditional method, depending on the localization of the cyst.
In order to prevent the dissemination of scolices in open sur-
geries, a special vacuum aspirator was used with a wide tip
(3 cm and wider) having a capacity of 1000 mm of water and
higher; this device enabled the cyst contents together with the
chitinous shell to be promptly aspirated, completely excluding
their leakage into the abdominal cavity. Next, the cyst was in-
cised at the part of the capsule wall most protruding from the
liver parenchyma. The cyst contents were aspirated; through
the same incision, the entire cyst was filled with an 80-100%
glycerin solution, with an exposure time of at least 10—15 min-
utes. The exposure time was crucial in ensuring that all the
parasitic elements were killed.

Upon completing the antiparasitic treatment, the hole in the
cyst was enlarged and the germicide and the remaining via-
ble elements of echinococcal cysts were removed. Gloves and
instruments were changed; cyst walls were incised; the inner
surface of the fibrous capsule was carefully examined for bil-
iary fistulas. After that, cold argon plasma electrocoagulation
of the fibrous capsule was performed using a Covidien Argon
Gas Delivery Unit II (USA). If after coagulation, no bile leak-
age was observed and hemostasis was adequate, the operation
was completed with the drainage of the residual cavity using
a 12 Fr pig-tail drainage tube or a silicone tube (from 18 Fr to
24 Fr) and layered closure of the wound. In the postoperative
period, the patients were observed according to the generally
accepted surgical approach. Chemotherapy was not adminis-
tered to any of the operated patients.

Study outcomes
Main study outcome

It is planned to reduce the stay in the inpatient facility (inpa-
tient days) and minimize the traumatic nature of surgical op-
erations in patients with hepatic echinococcal cysts by using
minimally invasive interventions.
Additional study outcomes

No additional outcomes are intended.

Subgroup analysis

Ninety-one patients were examined with only 78 patients
included in the study. These patients underwent surgical inter-
ventions. Of the 13 patients excluded from the study, the size
of the cysts was under 5 cm in four cases, pulmonary echi-
nococcal cysts were detected in four cases, and five patients
refused to undergo the surgery.

All patients included in the study were divided into four
groups: three main groups of patients (PDE n = 27; PAI
n = 14; PAIR n = 24) and the comparison group (n = 13). In

the main groups, the patients were treated using percutaneous
minimally invasive methods, while in the comparison group,
the patients underwent traditional surgery.

The results obtained for the four groups were comparatively
analyzed.

Methods for recording outcomes

The long-term treatment efficacy and the quality of life of
patients with hepatic echinococcal cysts were assessed using
the SF-36 questionnaire (prior to surgery and 12 months after
surgery).

The MOSSF-36 questionnaire consists of 36 questions that
cover eight health scales using scores of 0 to 100 to reflect a
person’s degree of satisfaction and overall well-being.

The following parameters are considered: physical function-
ing (PF), role-physical (RP), bodily pain (BP), and general
health (GH) scales comprising the physical component sum-
mary (PCS) score, as well as the vitality (VIT), social func-
tioning (SF), role-emotional (RE), and mental health (MH)
scales comprise the mental component summary (MCS) score.
A higher score indicates a better quality of life. In case of com-
plete health satisfaction, the maximum score is 100 points.

Statistical analysis
Principles behind sample size determination

The sample size was not determined in advance.
Statistical methods

The distribution analysis of quantitative indicators served as
the basis for assessing the normality of distribution (Kolm-
ogorov—Smirnov test) for the subsequent application of para-
metric or nonparametric methods. If the sample distribution
followed the normal distribution of source data, descriptive
statistics were applied in the form of arithmetic mean and
standard deviation (M + SD), while the comparative analysis
was performed using parametric methods (Student’s t-test and
F-test). If sample distributions did not follow the normal dis-
tribution of source data, descriptive statistics were applied in
the form of the median and first (Q, — 25%) and third quar-
tiles (Q, — 75%) — Me (Q,; Q,), while the comparative anal-
ysis was performed using nonparametric methods (Mann—
Whitney U-test and Kruskal-Wallis test). For analysis of
qualitative indicators in the form of proportions(percentages),
four- or multi-way contingency tables (Pearson’s chi-squared
test and Fisher’s exact test) were used. A p-value of <0.05 was
considered statistically significant. The obtained data were
statistically processed using Excel 2016 (Microsoft, USA).
The obtained numerical data were processed via methods of
mathematical statistics using IBM SPSS Statistics 26 Version
(IBM, USA). The sample consisted of 91 patients; thirteen
patients were excluded from the study and 78 patients were
divided into four groups for analysis: 27 patients in the PDE
group, 14 patients the in PAI group, 24 patients in the PAIR
group, and 13 patients in the comparison group.

RESULTS

Study participants

The sample consisted of 91 patients: 13 patients were ex-
cluded from the study and 78 patients were divided into four
groups for analysis.
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Patients from the first three groups were treated using min-
imally invasive surgical methods (27 patients in the PDE
group, 14 patients the in PAI group, and 24 patients in the
PAIR group); in the comparison group, 13 patients underwent
traditional surgery—pericystectomy with cold argon plasma
electrocoagulation of the fibrous capsule. The block diagram
of the study design is presented in Fig. 1.

Table 1 presents the general characterization of the four
study groups in terms of complaints.

The asymptomatic (latent) stage of echinococcosis was
found in 57 (73.1%) patients, i.e., parasitic cysts were iden-

tified incidentally during abdominal ultrasound, while 21
(26.9%) patients exhibited symptoms. In the total sample,
the following clinical symptoms were observed: epigastric
and right upper quadrant abdominal pain (11.4%), cachexia
(7.7%), allergic reactions (2.6%), decreased appetite (2.6%),
and hyperthermia (2.6%). Statistically significant differenc-
es (according to the chi-squared test) were observed in the
proportions of the three groups of patients with complaints.
The patients with no symptoms formed the largest proportion
(73.1%), followed by the patients with complaints about upper
abdominal pain (11.4%) and the group of patients with other

Ninety-one patients were offered to participate in the study

Excluded due to the following reasons (n = 13):
-echinococcal cysts of under 5 cm (n = 4);
-detected pulmonary ECs (n = 4);

-refusal to participate in the study (n =5)

Seventy-eight patients were included in the study

PAI main group PAIR main group
(n=14) (n=24)

PDE main group TS comparison group
(n=27) (n=13)

No patients were removed from the observation

No patients were removed
from the observation

| |

| l

The results of 65 patients were included in the statistical analysis

The results of 13 patients
were included
in the statistical analysis

Fig. 1. Block diagram of the study design

Note: the block diagram was created by the authors (as per TREND recommendations). Abbreviations: EC — echinococcal cysts; PAI —
puncture, aspiration, injection;, PAIR— puncture, aspiration, injection, re-aspiration; PDE — percutaneous drainage, evacuation, TS —

traditional surgery.
Puc. 1. briok-cxema qu3aiiHa MCCaeq0BaHUS

Ipumeuanue: 610Kk-cxema evinonnena agmopamu (coenacro pexomenoayusm, TREND). Coxpawenus: EC — 3XUHOKOKKO8ble KUCHIbL;
PAI— puncture, aspiration, injection (nynkyus, acnupayus, egedenue cepmuyuoa); PAIR — puncture, aspiration, injection, re-aspiration
(nynxyus, acnupayus, esedenue cepmuyuda, peacnupayus); PDE — percutaneous drainage, evacuation (upeckooicnoe Openuposanue,
asakyayus); TS — mpaouyuonnoe xupypauieckoe 6MeuamenbCmeo.

Table 1. Complaints in patients with hepatic echinococcal cysts

Tabnumna 1. XanoOb! mpu SXMHOKOKKOBBIX KHCTaX MEYEHU

Complaints Number of patients (abs. (%))
Asthenic syndrome 6 (7.7%)
Upper abdominal pain 9 (11.4%)
Decreased appetite 2 (2.6%)
Hyperthermia 2 (2.6%)
Allergic reaction 2 (2.6%)
Asymptomatic course 57 (73.1%)
Total 78(100%)

Note: the table was compiled by the authors.
Ipumeuanue: mabnuya cocmagiena agmopami.
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complaints (15.5%), whose proportions were not statistically
significantly different from each other (p > 0.05).

In order to establish sample homogeneity in the compared
groups, several indicators were analyzed: gender composition
of the groups; age; BMI of patients in the groups; number of
patients with one cyst or with two or more cysts; number of
patients with one concomitant disease or with two or more
concomitant diseases. The specified indicators are given in
Table 2.

According to a multi-way contingency table, the gender
composition of the groups was not statistically significantly
different (p = 0.909): the lowest proportion of males (41.7%)
was observed in the PAIR group, while the highest proportion
(53.8%) was noted in the comparison group.

The proportions of patients with one concomitant disease
were also not statistically significantly different between the
study groups (p = 0.989) according to the chi-squared test: the
lowest proportion (66.7%) was observed in the PAIR group
and the highest proportion (77.8%), in the PDE group.

Similarly, the proportions of patients with a single cyst were
also not statistically significantly different between the study
groups (p = 0.181) according to the chi-squared test: the low-
est proportion (50.0%) was observed in the PAI group, and the
highest proportion (79.2%), in the PAIR group.

The preliminarily conducted distribution analysis of quan-
titative age and BMI (body mass index) values according to
the Kolmogorov-Smirnov tests revealed that the distributions
follow the normal distribution (p > 0.05). Therefore, analysis
of variance F-test was used to compare the mean age and BMI
in the groups (Table 2).

No statistically significant age difference between groups was
found (p = 0.843): the lowest mean age of (37.1 + 13.9) years
was observed in the PAIR group, while the highest mean age
of (44.9 = 17.3) years was noted in the PAI group.

No statistically significant difference was seen among the
groups with respect to the mean BMI (p = 0.674): the lowest

mean BMI of (24.4 + 3.4) was found in the comparison group,
while the highest mean BMI of (25.8 + 3.4) was observed in
the PAI group.

According to all compared indicators, the differences be-
tween the groups were not statistically significant (p > 0.05),
which indicates their homogeneity.

Main study results

Table 3 shows the medians of the SF-36 questionnaire
scales prior to surgical treatment for hepatic echinococ-
cal cysts. The analysis of medians revealed that all indica-
tors—PCS (physical functioning, role-physical, bodily pain,
and general health) and MCS (vitality, social functioning,
role-emotional, and mental health)—are at the level of a
healthy person, except for changes associated with age pecu-
liarities and the presence of chronic disease. This is yet an-
other example showing that hepatic echinococcosis is usually
virtually asymptomatic.

In the median analysis of the physical functioning, role-phys-
ical, bodily pain, and general health scales comprising the PCS
score, 12 months after surgical treatment, it was found that
the medians in the comparison group were lower as compared
to the medians in the main group (PAI, PAIR, and PDE). The
lower medians of the physical functioning and role-physical
scales indicate that patients in the comparison group showed
more restricted physical activity than those in the main group.

Of note is that the medians of the bodily pain scale charac-
terizing pain intensity were lower in the comparison group,
which reflects the more traumatic nature of surgical access in
traditional interventions.

An analysis of the obtained data (Table 4) revealed that
one year after minimally invasive treatment, the medians of
MCS statistically increased in all patients as compared to the
preoperative values. The results obtained for the MCS scales
reached the level of practically healthy individuals.

Several study findings are outlined, including operation
time, duration of postoperative analgesia, length of stay in the

Table 2. Values of some indicators in the compared patient groups
Tabnuua 2. 3HaueHust HEKOTOPBIX TTOKa3areneil CpaBHUBAEMbIX TPYIII MALIUCHTOB

Indicator PDE group PAI group PAIR group Comparison Significance

(n=27) (n=14) (n=24) group (n=13) level, p

Gender (male/female) 12/15 6/8 10/14 7/6 0.909*

Age (M £ SD), (years) 417 £15.6 449+ 173 37.1+13.9 38.0+14.2 0.843#

frll\ﬁls (M £ SD), conventional | 55, 5, 258434 24.6+46 244434 0.6744

Number of patients with one/

more than one concomitant 21/6 10/4 16/8 9/4 0.989%*

disease

Number of patients having 18/9 717 19/5 3/5 0.181*

one / more than one cyst

Note: the table was compiled by the authors; * — as per the chi-squared test, #— as per the F-test. Abbreviations: PAl — puncture, aspira-
tion, injection;, PAIR — puncture, aspiration, injection, re-aspiration; PDE — percutaneous drainage, evacuation; BMI— body mass index.
Tpumeuanua: mabauya cocmasnena agmopamu, *— no kpumepuio Xu-keaopam, #— no F-kpumepuio @Quwepa. Cokpawenus: PAI— punc-
ture, aspiration, injection (nyHkyus, acnupayus, égedetue cepmuyuoa); PAIR — puncture, aspiration, injection, re-aspiration (nyHkyus,
acnupayus, egedenue zepmuyuoa, peacnupayus); PDE — percutaneous drainage, evacuation (upeckodicnoe openupoganue, 36aKyayus);

BMI — unoekc maccel mena.
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Table 3. MOSSF 36 quality-of-life parameters (score) in patients prior to surgery for hepatic echinococcal cysts
Tabnuna 3. [TapameTps! kauecTBa xxu3HU MOSSF-36 (B 6ajiax) y HaliMeHTOB /10 XUPYPruuecKoro BMeIaTeabCTBa Ha
J3XHWHOKOKKOBBIX KHCTAaX IICUYCHHU

Mos(ifoigs;“les PDE group (1 =27) | PAIgroup (n=14) | PAIR group (n = 24) Comp&r‘:s‘;g)gm“p
PF 90 95 90 90
RP 90 85 80 90
BP 95 95 95 90
GH 80 90 85 85
VIT 85 80 90 90
SF 90 95 90 95
RE 90 90 95 95
MH 85 80 80 78
PCS 55.1 557 53.5 537
MCS 55.4 53.9 543 2.5

Note: the table was compiled by the authors; Abbreviations: MOSSF-36 — Medical Outcomes Study Short-Form 36; PAI — puncture, as-
piration, injection; PAIR— puncture, aspiration, injection, re-aspiration; PDE — percutaneous drainage, evacuation; PF — physical func-
tioning; RP — role-physical; BP — bodily pain;, GH — general health; PCS — physical component summary; VIT — vitality; SF — social
Sfunctioning; RE — role-emotional; MH — mental health; MCS — mental component summary.

Tpumeuanue: mabauya cocmasnena asmopamu, Cokpawenus: MOSSF-36 — Medical Outcomes Study Short-Form 36; PAI — puncture,
aspiration, injection (nynxkyusa, acnupayus, gedenue cepmuyuda);, PAIR— puncture, aspiration, injection, re-aspiration (nynkyus, ac-
nupayus, egedenue cepmuyuoa, peachupayus); PDE — percutaneous drainage, evacuation (upeckoogicnoe openuposanue, 36axKyayus);
PF — ¢usuueckoe pynxkyuonuposanue; RP — ponesoe ¢usuuecxoe pynkyuonuposanue; BP — ¢usuuecrasn 6onv;, GH — obwee cocmo-
sanue 300posvs; PCS — pusuueckuii komnonenm 300posvs; VIT — scusnennan akmusnocms, SE — coyuanvhoe ynkyuonuposanue;

RE — ponesoe smoyuonansnoe ghynxkyuonuposanue; MH — ncuxonocuueckoe 30o0posve; MCS — ncuxuueckuil KOMROHEHM 300p08b3i.

Table 4. MOSSF 36 quality-of-life parameters (scores) in patients 12 months after surgery for hepatic echinococcal cysts
Ta6muma 4. [TapameTps! kauecTBa xu3HE MOSSF-36 (B 6annax) y manueHToB yepe3 12 MecsieB nociae XUpyprudeckoro
BMEIIATEIbCTBA HA 9XUHOKOKKOBBIX KHCTaX NEYSHN

Mos(ffoigs;”les PDE group (1 =27) | PAIgroup (n=14) | PAIR group (n = 24) Comp&r‘:s‘;g)g”’“p
PF 95 100 92 80
RP 95 95 95 85
BP 100 100 100 90
GH 90 95 95 90
VIT 95 90 95 85
SF 95 100 95 90
RE 95 100 95 90
MH 92 90 85 80
PCS 573 58.5 578 52.1
MCS 59.6 61.4 60.1 50.2

Note: the table was compiled by the authors; Abbreviations: MOSSF-36 — Medical Outcomes Study Short-Form 36, PAI — puncture, aspi-
ration, injection; PAIR — puncture, aspiration, injection, re-aspiration; PDE — percutaneous drainage, evacuation; PF — physical func-
tioning, RP — role-physical; BP — bodily pain; GH — general health; PCS — physical component summary, VIT — vitality;, SF — social
Sfunctioning; RE — role-emotional; MH — mental health; MCS — mental component summary.

Ipumeuanue: mabaiuya cocmasaena asmopamu, Cokpawenus: MOSSF-36 — Medical Outcomes Study Short-Form 36, PAI — puncture,
aspiration, injection (nynkyusa, acnupayus, égedenue cepmuyuda); PAIR— puncture, aspiration, injection, re-aspiration (nynkyus, ac-
nupayus, esedenue cepmuyuda, peacnupayus); PDE — percutaneous drainage, evacuation (4peckoxcnoe Openuposanue, 36aKyayus);
PF — ¢usuueckoe pynxyuonuposanue; RP — ponesoe ¢usuuecxoe pynkyuonuposanue; BP — ¢usuuecrasn 6onv;, GH — obwee cocmo-
sanue 300posvs; PCS — pusuueckuii komnonenm 300posvs; VIT — scusnennaa akmusnocms, SE — coyuanvhoe pynkyuonuposanue;
RE — ponesoe smoyuonanvroe pynxyuonuposanue; MH — ncuxonoeuueckoe 300pogve; MCS — ncuxuyeckuii KOMRNOHEHM 300pPO8bAL.
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intensive care unit, postoperative complications, length of hos-
pitalization, and intraoperative blood loss.

A preliminary distribution analysis of quantitative indicators
according to the Kolmogorov-Smirnov tests showed that some
distributions follow the normal distribution (p > 0.05) (e.g.,
the number of inpatient days in the PDE group and in the PAIR
group), while for some distributions of other indicators and
in the other groups the hypothesis of normality was rejected
(p < 0.05). Therefore, the indicators are presented in the form
of medians and quartiles, and the comparison was performed
using the Kruskal-Wallis test (Table 5).

The median operation time in the studied groups ranged
from 7 min in the PAI group, 13 min in the PAIR group,
15 min in the PDE group, and to 310 min in the compar-
ison group, which are statistically significantly different
(p < 0.001). The pairwise Mann-Whitney test also showed
a significant difference between the median values of the
PAI group and the other two main groups, PAIR and PDE.
No significant difference was found between the medians of
the PAIR and PDE groups (p > 0.05). However, for all the
groups, the operation time was significantly shorter as com-
pared to the comparison group: for example, by 20.7 times
for the PDE group, and an even greater difference was ob-
served for the other groups.

The median duration of postoperative analgesia in the PDE
group was 1 (1;1) day, whereas in the comparison group, it
amounted to 3 (3;3) days (p = 0.012). In the PAI and PAIR
groups, this indicator was equal to zero (Table 5).

The indicator “stay in the intensive care unit (inpatient
days)” was not observed for the PDE, PAI, and PAIR groups,
while in the comparison group, the median was 1 (1;2) day
(p = 0.006).

The length of hospitalization (inpatient days) in all groups
was statistically significantly different according to the Kru-
skal-Wallis test (p = 0.045). A pairwise Mann—Whitney

test showed the median value to be significantly greater in
the comparison group (25 (17;19) days) than in all the oth-
er groups (p < 0.05): 19 (15;25) days for the PDE group, 3
(2;5) days for the PAI group, and 15 (10;27) days for the PAIR
group (Table 5).

The extent of blood loss in all groups was statistically
significantly different according to the Kruskal-Wallis test
(p < 0.001). For the groups of patients who underwent min-
imally invasive innervations, blood losses were significantly
lower than those in the comparison group (p < 0.001) ac-
cording to the pairwise Mann-Whitney test. In the compar-
ison group, the intraoperative blood loss amounted to 150
(150;200) mL. The same indicator was equal to 10 (8;10) mL
in the PDE group, 4 (3;5) mL in the PAI group, and 4 (4;5) mL
in the PAIR group, which in turn ensures early social and vo-
cational rehabilitation of patients.

The proportion of postoperative complications in groups of
patients who underwent minimally invasive innervations was
13.8% (9 complications out of 65 operations). In the compar-
ison group, it amounted to 15.4% (2 complications out of 13
surgeries). No statistically significant difference was found ac-
cording to the chi-squared test, p = 0.359 (Table 6).

This fact was attributed to the presence of patients with
postoperative complications developed during treatment at
other health facilities. Patients were often unable to even name
the extent of the performed operation, provide medical docu-
mentation, and certainly had not heard of a postoperative fol-
low-up.

One of the frequent complications was suppurative resi-
dual cavity. This complication was eliminated through flu-
shing with antiseptic solutions or additional drainage. In all
the cases, external biliary fistulas were eliminated in the com-
plete obliteration of the residual cavity. The comprehensive
treatment was supplemented with hymecromone, at a dose of
200 mg for an average of 14 days until the cessation of bile

Table 5. Values of some indicators (Me (Q,; Q,)) following surgical treatment in the compared groups
Tabnuna 5. 3navenns HekoTOpbIX Mokasarenei (Me (Q,; Q,)) Mo pesynbTaTaM XUpPypPruYeckoro JE€YEHUs B CPABHUBAEMBIX

rpynmnax
Indicators PDE_group PAI igroup PAIR_ group Comparl_son Significance
(n=27) (n=14) (n=24) group (n =13) level, p
S . 15 7 13

Operation time (min) (15:16) 6:9) (12:13) 310 (290;330) p <0.001
Duration of postoperative
analgesia ! 0 0 3 p=0.012
(days) (L1 (0;0) (0;0) (3:3)
Stay in the intensive care unit 0 0 0 1 = 0.006
(inpatient days) (0;0) (0;0) (0;0) (1;2) p=r

. 10 4 4 )
Intraoperative blood loss, mL (8:10) (3:5) :5) 150 (150;200) p <0.001
Stay in the inpatient facility 19 3 15 25 — 0.045
(inpatient days) (15;25) (2;5) (10;27) (17;39) p=r

Note: the table was compiled by the authors; Abbreviations: PAI — puncture, aspiration, injection, PAIR — puncture, aspiration, injection,

re-aspiration;, PDE — percutaneous drainage, evacuation.

Tpumeuanue: mabauya cocmasnena agmopamu,; Coxpawenus: PAI — puncture, aspiration, injection (nynkyus, acnupayus, ésedenue
eepmuyuoa); PAIR — puncture, aspiration, injection, re-aspiration (nywxyus, acnupayus, ggedenue zepmuyuoa, peacnupayus); PDE —
percutaneous drainage, evacuation (upeckodicrHoe Openuposanue, 36axKyayus,).
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Table 6. Number of postoperative complications in the compared groups
Tabnuna 6. KonnyecTBo nocieonepaioHHbIX OCIOKHEHHH B IpyIaX CPaBHEHUS

Indicators PDE group PAI group PAIR group | Comparison | Significance
(n=27) (n=14) (n=24) group (n =13) level, p
Biliary fistula 2 0 4 2
Abdominal abscess 0 0 0 0
Bleeding 0 0 0 0
Suppurative residual cavity 2 0 1 0
Postoperative wound suppuration 0 0 0 0
Residual cavity 0 0 0 0
Total 4 0 5 2 0.359

Note: the table was compiled by the authors; Abbreviations: PAI — puncture, aspiration, injection, PAIR — puncture, aspiration, injection,

re-aspiration; PDE — percutaneous drainage, evacuation.

Tpumeuanue: mabauya cocmasnena agmopamu,; Coxpawenus: PAI — puncture, aspiration, injection (nynkyus, acnupayus, ésedenue
eepmuyuoa); PAIR — puncture, aspiration, injection, re-aspiration (nymxyus, acnupayus, ggedenue zepmuyuoa, peacnupayus); PDE —
percutaneous drainage, evacuation (upeckodicrHoe Openupoganue, 38axKyayus).

secretion through the tube. No additional interventions were
required. The study did not reveal such a complication as
sclerosing cholangitis to the use of hypertonic saline, glycer-
ol, and alcohol.

The most frequent complication in surgical practice is bleed-
ing. The occurrence of this complication during percutaneous
surgeries carries an additional risk since a conversion may
be required in this case. Bleeding during minimally invasive
interventions can occur either due to direct damage to large
vessels or rupture of the liver capsule and parenchyma that oc-
cur while moving the instrument. In order to avoid such com-
plications, it is necessary to choose the correct tool path and
make sure that no vascular structures are in the way. It is im-
portant to see the needle throughout the operation, especially
when it penetrates the liver parenchyma. In the study, no such
complications were observed in any of the patients. In order to
achieve definitive hemostasis during traditional interventions,
we used argon plasma electrocoagulation methods or local he-
mostatic means (sponge; matrix) applied to the wound surface
of the liver parenchyma (Table 4).

The same principles should be followed to prevent biliary
duct damage. No damage to bile ducts during minimally inva-
sive interventions was noted in any of the observations.

Allergic reactions of the body caused by parasitic invasion
are characteristic signs of echinococcosis and are quite com-
mon. Since the products of echinococcosis are strong aller-
gens, the leakage of cyst contents into the free abdominal cav-
ity can lead to allergic reactions of varying severity. The risk
is particularly high when the cyst is entered through the free
edge of an extraparenchymal cyst or the liver parenchyma lay-
er over the cyst at the puncture site is too thin. In such cases,
hydatid fluid may leak along the puncture path. No allergic
reactions occurred in all the operated patients.

Subsequently, all patients were observed for 45 years at the
Sklifosovsky Institute for Emergency Medicine of the Mos-
cow Department of Health, which included abdominal ultra-
sounds, abdominal CT scans, and serological blood tests. The
recurrence rate of hepatic echinococcosis, as well as mortality,
in all cases was 0%.

Additional study results
No additional results were obtained during the study.

Adverse events
No adverse events were observed during the study.

DISCUSSION

Summary of the main study result

The study showed the advantage of using minimally invasive
methods for treating hepatic echinococcal cysts due to a shorter
surgical intervention time and minimal intraoperative blood loss.
All the patients from the main group did not require postopera-
tive treatment in the intensive care unit. Due to the less traumatic
nature of operations and earlier mobilization, the length of hospi-
talization is reduced (from one to two days). An important result
of the conducted study consists in obtaining efficacy data accord-
ing to the PCS and MCS scales. They indicate that one year after
treatment, the efficacy of minimally invasive treatment in patients
from the main group was superior to that in the comparison group.

Discussion of the main study result

If untreated, echinococcal cysts grow and develop in one of
the following ways: spontaneous inactivation; rupture into the
abdominal cavity with the spread of multiple daughter cysts
throughout the abdominal cavity; development of fistulas to
neighboring organs or the biliary system [19].

The main treatment options for hepatic cystic echinococco-
sis include the wait-and-see approach, drug therapy, traditional
surgery, and the use of minimally invasive methods.

According to the WHO, surgery remains a cornerstone in
the treatment of echinococcosis, as this method can eliminate
the echinococcal cyst, resulting in complete recovery [20].
The most acute problem in treating patients with hepatic echi-
nococcosis is the choice of a surgical method. Although liver
surgery has advanced significantly, several issues remain un-
resolved regarding the use of minimally invasive methods for
CE2, CE3a, and CE3b types of cysts. In this study, we used
minimally invasive methods for all types of cysts despite cer-
tain limitations imposed by foreign and domestic authors.

The conducted study yielded several results indicating the
advantages of using minimally invasive methods: increased
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efficacy, lower recurrence rates, and shorter stays in the inpa-
tient facility, which in turn ensured early social and vocational
rehabilitation of patients.

Despite the high probability of postoperative complications
when using minimally invasive methods, a statistically signifi-
cant reduction in the operation time and duration of anesthesia
in the postoperative period was observed, which in turn led to
a shorter stay in the surgical inpatient facility.

Given the lack of up-to-date national and foreign clinical
guidelines, the question remains regarding the management
of hepatic echinococcosis in patients, which makes this study
relevant.

Research limitations
Not identified.
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