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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.
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Оптимизация хирургической тактики при кистозном эхинококкозе печени: 
ретроспективное обсервационное исследование
В.С. Бояринов*, М.Л. Рогаль, С.В. Новиков, К. Р. Джаграев, П.А. Ярцев
Государственное бюджетное учреждение здравоохранения города Москвы «Научно-исследовательский институт 
скорой помощи им. Н.В. Склифосовского Департамента здравоохранения города Москвы», пл. Большая Сухаревская, 
д. 3, г. Москва, 129090, Россия
АННОТАЦИЯ
Введение. Эхинококкоз печени представляет большую угрозу для здоровья и жизни человека. Необходим взвешенный выбор хи-
рургической тактики лечения, чтобы максимально снизить риски инвалидизации и ускорить процесс послеоперационного восста-
новления. Вопрос, в каких случаях стоит применять традиционные хирургические методы, а в каких можно ограничиться менее 
травматичными минимально инвазивными вмешательствами под ультразвуковым контролем, остается открытым. Эти доводы 
и дали нам повод к проведению данного исследования. В статье представлены результаты различных хирургических методов ле-
чения больных с эхинококковыми кистами печени. Цель исследования — улучшение результатов лечения больных с кистозным 
эхинококкозом печени путем оптимизации хирургической тактики с применением чрескожных минимально инвазивных вмеша-
тельств и  традиционных хирургических вмешательств. Методы. Проведено нерандомизированное сравнительное исследование 
на базе государственного бюджетного учреждения здравоохранения города Москвы «Научно-исследовательский институт скорой 
помощи им.  Н. В. Склифосовского департамента здравоохранения города Москвы». Лечение испытуемых проводилось в  период 
с 2010 по 2020 год, продолжительность периода наблюдения после хирургического лечения составляла 4 года. Были пролечены 78 па-
циентов с эхинококковыми кистами печени в возрасте от 18 до 78 лет. На дооперационном этапе у всех больных был собран анамнез 
заболевания, включая моменты миграции в течение жизни. У всех больных диагноз был подтвержден лабораторно, инструментально 
(компьютерная томография, ультразвуковое исследование) и морфологическим исследованием операционного материала. Все паци-
енты были распределены на 4 группы: три группы с различными методами применения чрескожно минимально инвазивных вмеша-
тельств и группу сравнения с традиционными хирургическими методами. Систематизация материала и первичная математическая 
обработка были выполнены с помощью программного пакета Excel 2016 (Microsoft, США). Полученные цифровые данные были 
обработаны методами математической статистики с использованием компьютерной программы IBM SPSS Statistics 26 Version (IBM, 
США). Результаты. В распределении выборок исследуемых групп по полу, возрасту, количеству кист и сопутствующих заболеваний 
статистически значимых различий не выявлено, однако на основании проведенного нами исследования был получен ряд результа-
тов, свидетельствующих о преимуществах минимально инвазивного лечения эхинококковых кист печени. Несмотря на большую 
вероятность возникновения желчных свищей и нагноения остаточной полости при применении минимально инвазивных методов, 
отмечалось статистически значимое сокращение длительности операций, длительности обезболивания в послеоперационном пери-
оде, уменьшение кровопотери, что, в свою очередь, привело к сокращению пребывания в хирургическом стационаре. Заключение. 
Применение минимально инвазивных методов возможно при всех типах эхинококковых кист печени наравне с применением тра-
диционных хирургических методов. Минимально инвазивные вмешательства целесообразны при наличии должного оснащения 
в клинике и опыта хирурга для минимизации послеоперационных осложнений и рецидивов.
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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.1 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 country2 [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%3 [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 

1  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 OI, 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 
e (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 (Q1 — 25%) and third quar-
tiles (Q3 — 75%) — Me (Q1; Q3), 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
(n = 14)

PAIR main group
(n = 24)

PDE main group
(n = 27)

TS comparison group
(n = 13)

No patients were removed 
from the observation

The results of 13 patients 
were included 

in the statistical analysis

No patients were removed from the observation

The results of 65 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.
Рис. 1. Блок-схема дизайна исследования 
Примечание: блок-схема выполнена авторами (согласно рекомендациям, TREND). Сокращения: EC — эхинококковые кисты; 
PAI — puncture, aspiration, injection (пункция, аспирация, введение гермицида); PAIR — puncture, aspiration, injection, re-aspiration 
(пункция, аспирация, введение гермицида, реаспирация); PDE — percutaneous drainage, evacuation (чрескожное дренирование, 
эвакуация); TS — традиционное хирургическое вмешательство.

Table 1. Complaints in patients with hepatic echinococcal cysts
Таблица 1. Жалобы при эхинококковых кистах печени

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.
Примечание: таблица составлена авторами.
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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
Таблица 2. Значения некоторых показателей сравниваемых групп пациентов

Indicator PDE group 
(n = 27)

PAI group 
(n = 14)

PAIR group 
(n = 24)

Comparison 
group (n = 13)

Significance 
level, p

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

Age (М ± SD), (years) 41.7 ± 15.6 44.9 ± 17.3 37.1 ± 13.9 38.0 ± 14.2 0.843#
BMI (М ± SD), conventional 
units 25.5 ± 3.2 25.8 ± 3.4 24.6 ± 4.6 24.4 ± 3.4 0.674#

Number of patients with one/
more than one concomitant 
disease

21/6 10/4 16/8 9/4 0.989*

Number of patients having 
one / more than one cyst 18/9 7/7 19/5 8/5 0.181*

Note: the table was compiled by the authors; * — as per the chi-squared test, # — as per the F-test. Abbreviations: PAI — puncture, aspira-
tion, injection; PAIR — puncture, aspiration, injection, re-aspiration; PDE — percutaneous drainage, evacuation; BMI — body mass index.
Примечания: таблица составлена авторами; * — по критерию Хи-квадрат, # — по F-критерию Фишера. Сокращения: PAI — punc-
ture, aspiration, injection (пункция, аспирация, введение гермицида); PAIR — puncture, aspiration, injection, re-aspiration (пункция, 
аспирация, введение гермицида, реаспирация); PDE — percutaneous drainage, evacuation (чрескожное дренирование, эвакуация); 
BMI — индекс массы тела.
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Table 3. MOSSF 36 quality-of-life parameters (score) in patients prior to surgery for hepatic echinococcal cysts
Таблица 3. Параметры качества жизни MOSSF‑36 (в баллах) у пациентов до хирургического вмешательства на 
эхинококковых кистах печени

MOSSF 36 scales
(scores) PDE group (n =27) PAI group (n = 14) PAIR group (n = 24) Comparison group  

(n = 13)
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 55.7 53.5 53.7
MCS 55.4 53.9 54.3 52.5

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 
functioning; RE — role-emotional; MH — mental health; MCS — mental component summary.
Примечание: таблица составлена авторами; Сокращения: MOSSF‑36 — Medical Outcomes Study Short-Form 36; PAI — puncture, 
aspiration, injection (пункция, аспирация, введение гермицида); PAIR– puncture, aspiration, injection, re-aspiration (пункция, ас-
пирация, введение гермицида, реаспирация); PDE — percutaneous drainage, evacuation (чрескожное дренирование, эвакуация); 
PF — физическое функционирование; RP — ролевое физическое функционирование; BP — физическая боль; GH — общее состо-
яние здоровья; PCS — физический компонент здоровья; VIT — жизненная активность; SE — социальное функционирование; 
RE — ролевое эмоциональное функционирование; MH — психологическое здоровье; MCS — психический компонент здоровья.

Table 4. MOSSF 36 quality-of-life parameters (scores) in patients 12 months after surgery for hepatic echinococcal cysts
Таблица 4. Параметры качества жизни MOSSF‑36 (в баллах) у пациентов через 12 месяцев после хирургического 
вмешательства на эхинококковых кистах печени

MOSSF 36 scales
(scores) PDE group (n = 27) PAI group (n = 14) PAIR group (n = 24) Comparison group 

(n = 13)
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 57.3 58.5 57.8 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 
functioning; RE — role-emotional; MH — mental health; MCS — mental component summary.
Примечание: таблица составлена авторами; Сокращения: MOSSF‑36 — Medical Outcomes Study Short-Form 36; PAI — puncture, 
aspiration, injection (пункция, аспирация, введение гермицида); PAIR– puncture, aspiration, injection, re-aspiration (пункция, ас-
пирация, введение гермицида, реаспирация); PDE — percutaneous drainage, evacuation (чрескожное дренирование, эвакуация); 
PF — физическое функционирование; RP — ролевое физическое функционирование; BP — физическая боль; GH — общее состо-
яние здоровья; PCS — физический компонент здоровья; VIT — жизненная активность; SE — социальное функционирование; 
RE — ролевое эмоциональное функционирование; MH — психологическое здоровье; MCS — психический компонент здоровья.
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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 (Q1; Q3)) following surgical treatment in the compared groups
Таблица 5. Значения некоторых показателей (Ме (Q1; Q3)) по результатам хирургического лечения в сравниваемых 
группах

Indicators PDE group 
(n = 27)

PAI group 
(n = 14)

PAIR group 
(n = 24)

Comparison 
group (n = 13)

Significance 
level, p

Operation time (min) 15
(15;16)

7
(6;9)

13
(12;13) 310 (290;330) р < 0.001

Duration of postoperative 
analgesia
(days)

1
(1;1)

0 
(0;0)

0 
(0;0)

3
(3;3) р = 0.012

Stay in the intensive care unit 
(inpatient days)

0 
(0;0)

0 
(0;0)

0 
(0;0)

1 
(1;2) р = 0.006

Intraoperative blood loss, mL 10
(8;10)

4
(3;5)

4
(4;5) 150 (150;200) р < 0.001

Stay in the inpatient facility 
(inpatient days)

19
(15;25)

3
(2;5)

15
(10;27)

25
(17;39) р = 0.045

Note: the table was compiled by the authors; Abbreviations: PAI — puncture, aspiration, injection; PAIR — puncture, aspiration, injection, 
re-aspiration; PDE — percutaneous drainage, evacuation.
Примечание: таблица составлена авторами; Сокращения: PAI  — puncture, aspiration, injection (пункция, аспирация, введение 
гермицида); PAIR — puncture, aspiration, injection, re-aspiration (пункция, аспирация, введение гермицида, реаспирация); PDE — 
percutaneous drainage, evacuation (чрескожное дренирование, эвакуация).
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Table 6. Number of postoperative complications in the compared groups 
Таблица 6. Количество послеоперационных осложнений в группах сравнения

Indicators PDE group  
(n = 27)

PAI group  
(n = 14)

PAIR group 
(n = 24)

Comparison 
group (n = 13)

Significance 
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.
Примечание: таблица составлена авторами; Сокращения: PAI  — puncture, aspiration, injection (пункция, аспирация, введение 
гермицида); PAIR — puncture, aspiration, injection, re-aspiration (пункция, аспирация, введение гермицида, реаспирация); PDE — 
percutaneous drainage, evacuation (чрескожное дренирование, эвакуация).

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 4–5 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.

CONCLUSION
Minimally invasive ultrasound guided percutaneous surgical 

interventions for hepatic echinococcosis have been used along 
with other surgical methods since 1985. With the technologi-
cal advancement of surgery and a trend toward less traumat-
ic surgical treatment methods, the differentiated approach to 
choosing a method of surgical treatment in patients with hepat-
ic cystic echinococcosis remains a relevant issue.

Such indicators as surgical intervention time, duration of 
analgesia in the postoperative period, length of stay in the in-
tensive care unit, length of hospitalization, and intraoperative 
blood loss were statistically significantly lower in the groups 
of patients who underwent minimally invasive interventions 
than in the comparison group.
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