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Abstract. Echinococcosis is one of the most severe and dangerous parasitic diseases in
many regions of the world. It is characterized by extensive organ involvement and a prolonged
chronic course, leading to the development of serious functional disorders of the affected organs.
To develop a treatment strategy and select the optimal surgical method for combined pulmonary
and hepatic echinococcosis in children. The treatment outcomes of 346 children aged 3 to 14 years
with various forms of echinococcosis were analyzed. Combined pulmonary and hepatic
echinococcosis was identified in 39 cases (11,3%). A comparative assessment of the effectiveness
of surgical interventions for combined pulmonary and hepatic echinococcosis in children showed
that comprehensive preoperative preparation, selection of a rational surgical approach and an
optimal operative technique, as well as active postoperative management, are the main components
contributing to successful and favorable treatment outcomes. When determining surgical tactics,
staging, and sequence of operations, it is necessary to consider the presence of echinococcal cysts
that pose the greatest risk in terms of complication development. The effectiveness of surgical
treatment of combined pulmonary and hepatic echinococcosis in children depends on the
localization of cysts and the presence of complications. It is reasonable to perform
echinococcectomy first on cysts that are most dangerous in terms of potential complications. All
other factors being equal, the staged surgical approach should preferably begin with the pulmonary
localization.
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BAJIAJIAPIATBI OKITE MEH BAYBIPIBIH KOCAPTAHFAH DXUHOKOKKO3BIH
XUPYPTUSUIBIK EMJIEYIIH TAKTUKACHI MEH DIICIH TAHJIAY
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AnpaaTna. DXUHOKOKKO3 - dJIEMHIH KeIlTereH aiMakTapbIH/Ia KeH TapaliFaH, eH ayblp api
KayinTi MapasuTTiK aypyiaapAblH Oipi. AypyablH HETi3Ti epeKIIeNiKTepiHe 3aKbIMJaHYIbIH KeH
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KesieMe OOJybl, Y3aKKa CO3bUIATHIH CO3BUIMAJbl aFbIMBl JKOHE 3aKbIMJAHFaH ar3allapiblH
KBI3METIHIH eyeyini OyY3bUIBICTaphIHA OKeyl jkKaranel. banamapmarbl eKme MeH OaybIpIbIH
KOCapJaHFaH SXMHOKOKKO3BIH XUPYPTUSUIBIK eMJICY/IIH TAaKTHKACHIH d31pIiey KOHEe OHTANIIbI 9JIiCiH
TaHay. OPTYpIIi SXUHOKOKKO3 TypJiepiMeH aybIpraH 3 ykacTtaH 14 xacka aeiinri 346 6anaHbIH eM
HoTIKenepi Tanganasl. Oy imrinae 39 sxarnpaitna (11,3%) exme MeH OaybIpIbpIH KOcapiiaHFaH
SXMHOKOKKO3bI aHBIKTANbI. banamapaarsl exiie MeH OaybIpIbIH KOCApIaHFaH SXMHOKOKKO3bIHA
KacaJFaH XUPYPTHSUIBIK apaiacyiapAblH THIMIUTITIH CaTBICTRIPMaIbl Oaraiay KemeH 11 ormeparus
QIJIBIHIAF bl TAWBIH/IBIK, YTHIM/IBI XUPYPTHSUIBIK KOJDKETIMALTIKTI )KOHE OTIePaHsIIBIK apaiacyIblH
OHTAWMIBl QMICIH TaHJAy, COHJai-aK omepanusgaH KeHiHr1 OeJceH[l KYpridy €MHIH COTTI Jpi
KOJalJbl HOTMKECIHE KON JKeTKI3Yy[AIH Herisri Kypamjac OeJlikTepl €KEHIH KepCeTTl.
OnepanysHbIH TAKTUKAChIH, KE3EHIUIIIH KOHE OPbIHAATY PETIH aHBIKTay/la aCKbIHYIap/AbIH JaMy
KayIll *OFapbl 3XMHOKOKKAJIBIK KHCTaJlapJblH OOJYbIH eckepy KaxeT. bamamapparbel exne MeH
OaybIpJIbIH KOCapjaHFaH 3XMHOKOKKO3BbIH XHUPYPTUSJIBIK EMACYAIH THIMAUIIIT KHCTalap.blH
OpHaJIacybIHa )KOHE aCKBIHYJIAPbIH 00TybIHA OalIaHBICTBI. DXUHOKOKKIKTOMHUSIHBI ACKBIHY KayTli
YKOFaphl KUCTaJapJaH OactaraH >keH. backa »karmainap TeH OoyiFaHIa, XUPYPTHSUIBIK eMACYIIH
KE3€HIUTINH OKIeNIK JIOKaTu3auusigan 0actay OpbIHIbI.
Tyiinai ce3nep: O6ananap, SXMHOKOKKO3, OKIIE MEH OaybIpABIH SXUHOKOKKIKTOMUSICHI.

BbBIBOP TAKTUKHN U CITOCOBA XUPYPI'HUECKOI'O JIEYEHUA
COYETAHHOI'O 9XMHOKOKKO3A JIETKAX U IIEYEHU Y TETEN
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AHHOTaNUA. DXUHOKOKKO3 SIBIIIETCS OJHUM U3 HambOonee THKENBIX M OMACHBIX
napasuTapHbIX 3a00JeBaHMi BO MHOTHMX pPETHOHAX MHpa, KOTOPOE XapaKTepU3yeTcs
OOUIMPHOCTHIO TOPAXKEHUs, UIUTEIHbHBIM XPOHUYECKUM TEUCHHEM, BBI3BIBAIOIIUM pa3BUTHE
CepbE3HBIX HapylieHuN (yHKIUNA MOpakEHHBIX OpraHoB. Pa3paboTka crpareruu u BBIOOD
crocoba XUPYPrUYECKOTO JICYEHHsI COYETAHHOTO AXMHOKOKKO3a JIETKUX W TEYeHH Yy JIeTei.
[Ipoananu3upoBaHbl pe3yabTarsl JeueHus 346 nereit B Bo3pacrte oT 3-X A0 14 set ¢ pa3nuyHbIMU
(hopMaMu SXUHOKOKKO3a, U3 KOTOphIX B 39 (11,3%) ciyuasix BBISIBJIEH COUETAHHBINA 3XWHOKOKKO3
nérkux W medeHd. CpaBHUTENbHas oOIleHKa 3(P(PEKTUBHOCTH BBITIOTHEHHBIX OIEPATUBHBIX
BMEIIATEIbCTB COYETAHHOTO SXMHOKOKKO3a JIETKUX U MEUEHH Y JIeTEH MOoKa3ajio, YTO KOMIUIEKCHAs
MpeIoTepalMOHHasl  MMOATOTOBKA, BHIOOP PpallMOHAIBHOTO XUPYPrHYECKOTO JOCTyNa U
ONTUMAJIBHOTO METOJA ONEPAaTUBHOTO BMEIIATEIBCTBA, AKTUBHOE MOCICONEPALIMIOHHOE BEACHUE
OOJNBHBIX SIBISIOTCS OCHOBHBIMU COCTABISIONIMMHU B YCIEIIHOM U OJarompusiTHOM HUCXOJe
neuenus. [Ipu onpeneneHny TaKTUKH, STAITHOCTH U MO CJIE0BATEIBHOCTH OTNEepaIiii He0OX0 MO
YUUTBIBATh HATUYHME SXUHOKOKKOBBIX KHUCT, KOTOPBIEC MPEACTABISIOT HAUOOJBIIYIO OMACHOCTh B
IJIaHEe Pa3BUTUA OCJIOKHEHUH. O(P(HEKTUBHOCTh XUPYPTUYECKOTO JIEYCHHS] COUYETAHHOTO
AXMHOKOKKO3a JIETKUX U MEYEHU y JETEeH 3aBUCUT OT JIOKAIM3ALUU KUCT U HATMYUS OCJIOXKHEHUH.
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[TocnenoBarenbHOCTh IXMHOKOKKIKTOMHMHU JIOTMYHO HPOBOAMTH HAa KHCTaX HamOoJiee OMAacHBIX
pa3BuTHEM OCIOXHEHHH. [Ipu Ipyrux paBHBIX OOCTOSITEIBCTBAX STAIMHOCTH OIEPATHBHOTO
BMEIIIATENIbLCTBA LEJIECO00Pa3HO HAYMHATH C JIETOYHOM JIOKAIN3aLUK.

KurroueBbie €j10Ba: 1€TH, SXMHOKOKKO3, SXMHOKOKKIKTOMHS JIETKUX U ITEYECHHU.

Introduction. Echinococcosis is one of the most severe and dangerous parasitic diseases
in many regions of the world. It is characterized by extensive organ involvement and a prolonged
chronic course, leading to the development of serious functional disorders of the affected organs
[2, 7, 9]. According to WHO data, echinococcosis continues to occupy a leading position in terms
of prevalence; in endemic areas, the incidence in humans reaches up to 50 cases per 100,000
population per year [5, 10, 11, 12]. In a number of countries where hydatid echinococcosis is an
endemic pathology, its elimination has been elevated to the level of a national priority, and special
national programs for disease control and prevention are being developed. Owing to the
implementation of such programs, the disease has been practically eradicated in several countries
that were previously unfavorable with respect to echinococcosis [13].

Analysis of the literature data and our own observations indicates that the proportion of
echinococcal disease in the structure of surgical morbidity has increased over recent decades from
4-8% to 20%; simultaneous involvement of two or more organs has risen from 4% to 26.7%. At
the same time, mortality associated with surgical treatment ranges from 2 to 7%. The frequency of
purulent complications has increased to 17.9-28.5%; postoperative recurrence of echinococcosis
amounts to 5-12%, and the formation and suppuration of a residual cavity after echinococcectomy
is observed in 7-20% of cases [1, 3, 6, 8]. In recent years, there has been an increase in
simultaneous involvement of multiple organs, as well as in the formation of centrally located cysts
causing deformation of the anatomical structures of the organ and severe impairment of their
function. The severity and peculiarities of the clinical course, difficulties of early diagnosis, and
the variety of surgical treatment methods make this pathology one of the most challenging
problems of modern medicine.

At present, the treatment of echinococcal disease presents certain difficulties. Despite the
fact that numerous treatment options for this parasitic disease have been proposed worldwide,
debates regarding the effectiveness of one method or another continue to be discussed at many
international forums and conferences. Long-term comprehensive studies of the problem of
echinococcosis have led to the conclusion that complex surgical treatment is the only effective
method, regardless of the degree of radicality. This applies equally to uncomplicated and
complicated, multiple, polyorgan, and combined forms of the disease.

The presented data demonstrate the relevance of early diagnosis and timely surgical
treatment of various forms of echinococcosis in children, which served as the basis for conducting
the present study.

Aim of the study. To develop a strategy and determine the optimal method of surgical
treatment for combined echinococcosis of the lungs and liver in children.

Materials and methods. The present study is based on the results of examination and
treatment of 346 children aged 3 to 14 years with various forms of echinococcosis. Among them,
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combined echinococcosis of the lungs and liver was identified in 39 cases (11.3%). Echinococcosis
of the right lung and liver was detected in 18 cases (5.1%), of the left lung and liver in 14 cases
(4.1%), and involvement of both lungs and the liver in 7 patients (2.1%) (Figure 1).
All patients admitted to the clinic with echinococcosis underwent clinical, laboratory, and
instrumental examinations. The main diagnostic methods included plain chest radiography,
ultrasound examination of the lungs and liver, and multislice computed tomography.

Results and discussion. The success of surgical treatment of echinococcosis was
determined by the stage of the disease, the anatomical and topographic localization of the parasite,
the size of the cysts, the presence of complicated forms, the patient’s age, the state of
immunobiological defense mechanisms, and the presence of concomitant diseases. These factors
significantly influenced the choice of tactics and the rational sequence of surgical interventions in
combined echinococcosis of the lungs and liver in children, thereby determining the operative risk.
In our observations, in all 39 cases of combined echinococcosis of the lungs and liver, tactical
decisions were based on the principles of organ-preserving surgery. Patients were operated on after
appropriate preoperative preparation aimed at improving the general condition, reducing
intoxication and allergic background, enhancing immunological parameters, and normalizing the
main functional indices of vital organs.

Figure 1. Organ localization of combined echinococcosis of the lungs and liver

In cases of combined involvement of the right lung and liver, one-stage echinococcectomy
was performed in 14 patients (35.9%); in combined involvement of the left lung and the left lobe
of'the liver, in 5 patients (12.8%). The rationale for one-stage interventions was the localization of
cysts in the middle and lower lobes of the right lung and in segments VII-VIII of the liver, as well
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as cyst localization in the lower lobe of the left lung and in segments I-II of the liver. In these
cases, the surgical approach was a lateral or posterolateral thoracotomy in the seventh—eighth
intercostal space with simultaneous transdiaphragmatic echinococcectomy of the liver. In the
remaining 20 patients (51.3%) with combined lung and liver involvement, two- and three-stage
echinococcectomy was performed, since cyst localization did not allow for their simultaneous
removal; the interval between surgical stages did not exceed 2 months. We believe that one-stage
echinococcectomy of the lungs and liver is possible only in the absence of significant technical
difficulties in mobilizing both organs, when both procedures can be performed through a single
incision. In such situations, this approach is justified, as it eliminates the need for repeat surgical
intervention.

The sequence of removal of echinococcal cysts was determined by their size and the
presence of complications, which facilitated subsequent stages of surgery from a technical
standpoint. Priority was given to the removal of larger cysts to prevent their intraoperative rupture
in case of accidental iatrogenic injury. Subsequently, echinococcal cysts that did not interfere with
free manipulation within the operative field were removed, thereby creating favorable conditions
for completion of the procedure without complications.

Determining the sequence of echinococcectomy was particularly challenging in 7 patients
with bilateral pulmonary echinococcosis combined with liver involvement. In 2 patients with large
and complicated liver cysts, the first stage of surgical intervention was performed on the liver,
followed by surgery on the lungs (Figure 2).

Figure 2. Echinococcal cyst occupying the entire left lobe of the liver.

In cases of single-cyst involvement of both lungs and the liver (3 observations), the cysts
were approximately equal in size and showed no signs of complications. In these patients,
multistage surgical treatment was performed with an interval of 2-3 months, with the sequence of
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operations beginning with the pulmonary localization. In the presence of multiple bilateral
echinococcosis of the lungs and liver (2 patients), the staging of surgical interventions was
determined by the greater number of cysts in the affected organ.

A mandatory condition for the successful performance of surgical interventions in
echinococcosis is strict adherence to measures aimed at preventing contamination of surrounding
organs and tissues with parasite elements. An essential requirement for achieving ablasty during
pulmonary echinococcectomy, in our opinion, is preliminary short-term occlusion of the lobar
bronchus of the affected segment during evacuation and sanitation of the cyst cavity. This approach
allowed us to significantly reduce intraoperative and postoperative complications (Figure 3).

Figure 3. Schematic illustration of short-term occlusion of the lobar bronchus

This technique is considered appropriate and is used by us during echinococcectomy of
medium-sized, large, and complicated cysts, when the risk of endobronchial leakage of
echinococcal fluid is particularly high. Prior to tracheal intubation, obturation of the lobar
bronchus supplying the segment containing the echinococcal cyst is performed. We consider this
stage of echinococcectomy to be fundamental both in terms of ensuring the ablasty of the operation
and in preventing bronchopulmonary complications resulting from the entry of contact chemical
germicidal agents into the bronchi.

The technical steps of echinococcectomy were conventional: isolation of the cyst with
gauze pads soaked in a contact-acting germicidal solution; puncture of the cyst and evacuation of
its contents; cystotomy; removal of the chitinous membrane; treatment of the cyst bed with a
betadine—alcohol solution; electrocoagulation of the entire inner surface of the fibrous capsule;
closure of bronchial and biliary fistulas; and complete obliteration of the residual cavity by
capitonnage. In our clinic, a modified capitonnage technique using figure-of-eight layered sutures
(cross-layer sutures) has been introduced and successfully applied for obliteration of the cyst
cavity (Figure 4).
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Figure 4. Schematic illustration of capitonnage performed using figure-of-eight layered
sutures

When performing capitonnage with figure-of-eight layered sutures, we strictly adhere to
the rules of suture placement: from the depth toward the surface, parallel to vessels, bronchi, and
bile ducts, in order to avoid their injury and deformation. At the same time, we always strive to
achieve complete apposition of the opposing walls of the fibrous capsule, which ensures their
reliable fusion even in the presence of small bronchial and biliary fistulas. The advantages of this
method of obliterating the residual cavity include significant time savings, hermetic sealing,
creation of favorable conditions for healing of the lung and liver due to the alignment of
corresponding tissue surfaces, as well as a reduction in ischemic zones.

The use of electrocoagulation during echinococcectomy was based on several practical
considerations. First of all, coagulation of small bleeding vessels, bronchial and biliary fistulas
was performed to prevent postoperative complications such as accumulation of blood, mucus, and
bile in the residual cavity. In turn, electrocoagulation of the entire inner surface of the fibrous
capsule led to the formation of a delicate coagulation eschar that functioned as a biological barrier;
at the same time, the fibrous capsule itself became denser, contracted, and its surface area
decreased. In addition, electrocoagulation of the inner surface of the fibrous capsule exerted a
pronounced antimicrobial and anti-scolicidal effect as a result of thermal impact on protoscolices
located both within the fibrous capsule itself and pericystically at a depth of up to 1 cm. This was
confirmed by our histological and electron microscopic studies (Figure 5).
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Figure 5. Alteration and destruction of protoscolices (treatment with betadine and
electrocoagulation).

Despite strict adherence to all principles of ablasty during surgery and the introduction of
various chemical and physical methods of action against the parasite, the recurrence rate of the
disease remains high, reaching 12-33% [4]. In this regard, chemotherapy was administered in the
preoperative and postoperative periods in order to sanitize the child’s body from echinococcosis
and to prevent disease recurrence. For this purpose, chemotherapy was carried out using the
anthelmintic drug Zentel, which has demonstrated high efficacy and a broad spectrum of activity.
Zentel was prescribed to all patients as a mandatory component of treatment; the daily dose was
10 mg/kg, administered in two divided doses for 14 days, followed by a repeated course after 2
months. Studies have shown that the anthelmintic drug Zentel causes irreversible disturbances in
glucose utilization by the helminth and inhibits ATP synthesis. It exerts a destructive effect on the
germinal elements of echinococcus by disrupting the function of the cellular microtubular
apparatus and damaging tubulin protein. As a result, biochemical disorders develop within the cell,
including inhibition of glucose transport and fumarate reductase activity, which underlies
suppression of cell division at the metaphase stage. This mechanism is responsible for the
inhibition of oviposition and larval development of helminths.

The results of the study demonstrated that the criteria for assessing the immediate and long-
term outcomes of the effectiveness of surgical treatment of combined echinococcosis of the lungs
and liver were the presence or absence of complications and disease recurrence. Our data indicated
satisfactory function of the operated lungs and liver, and no recurrences of the disease were
observed in our series. We believe that the combination of surgical intervention and chemotherapy
constitutes the main criterion for preventing disease recurrence and achieving complete recovery
of patients with echinococcosis.

Thus, comprehensive preoperative preparation, selection of a rational surgical approach
and the optimal method of surgical intervention, as well as active postoperative management, are
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the main components of a successful and favorable treatment outcome. Surgical tactics in
combined echinococcosis of the lungs and liver in children are rather complex, which is explained
by the staged nature and sequence of echinococcectomy depending on cyst localization and the
presence of complications. When determining the sequence of operations and the choice of surgical
access, it is logical to perform echinococcectomy first in those areas where cysts pose the greatest
risk of complications. Under otherwise equal conditions, it is advisable to begin staged surgical
intervention with the pulmonary localization.
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