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Abstract 
Background: The current study considers a new direction of surgical treatment of liver 
echinococcosis - the use of minimally invasive treatment methods of parasitic cysts. 
Methods: After clinical and morphological substantiation of the very possibility of carry-
ing out such procedures, 9 microwave ablations (MWA) and 3 radiofrequency ablations 
(RFA) of cysts were performed in patients with liver echinococcosis from 2017 to 2021 
in the surgical clinic of Botkin Hospital, Moscow, Russia. A comparative analysis of 
treatment results of patients with echinococcal liver cysts (12 patients who underwent 
“percutaneous puncture, aspiration, injection and reaspiration” (PAIR) procedure and 12 
patients – MWA and RFA) was carried out. 
Results: The number of complications according to Clavien-Dindo classification was as 
follows: 8 after PAIR procedure, 3 after RFA and 3 after MWA. The median hospital 
length of stay (LOS) after PAIR procedure was 6.46 days versus 4.7 and 4 in the groups 
of patients who underwent RF and MW ablation, respectively. The frequency of relapses 
within the first year after PAIR procedure was 25%. The patients who underwent abla-
tion procedures had no relapses of liver echinococcosis during observation. 
Conclusion: The presented clinical and morphological substantiation and the experience 
of using various types of ablation techniques on echinococcal cysts, as well as a compara-
tive analysis with a commonly used PAIR treatment method, demonstrated the safety of 
RFA and MWA for the patient and efficacy in relation to the hydatid process. 
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Introduction 
 

odern trends in medicine, the 
transition to minimally invasive 
methods of treatment in all surgical 
fields led to the development of 

minimally invasive techniques in surgery of 
patients with liver echinococcosis (1). 

To date, the "golden" standard of surgery in 
patients with echinococcal liver cysts is liver 
resection and pericystectomy (2). There are 
several variants of minimally invasive treat-
ment options of patients with liver echinococ-
cosis - laparoscopic, robotic interventions and 
percutaneous-transhepatic drainage techniques 
(3). In recent years, techniques similar to 
PAIR (percutaneous puncture, aspiration, in-
jection and reaspiration) and PEVAC (percu-
taneous evacuation) have become widespread, 
however, due to unsatisfactory results the 
search for new options for surgical treatment 
of the parasite is necessary (4). 

With the accumulation of experience in the 
use of ablation treatment methods of malig-
nant liver tumors, a positive assessment of the 
immediate and long-term results of their use 
led us to consider the possibility of using abla-
tion treatment methods for patients with liver 
echinococcosis. Therefore, this study is devot-
ed to this new direction in surgical treatment 
of parasitic liver diseases. 

 

Materials and Methods 
 

In the surgical clinic of Botkin Hospital, 
Moscow, Russia (onwards: clinic) during the 
period from 2007 to 2021, 301 patients with 
echinococcal liver disease have been treated. 
Unique feature of the clinic was the ability to 
implement all available options for surgical 
treatment: from minimally invasive percutane-
ous techniques to extensive liver resections, 
laparoscopic and robotic operations (5). The 
clinic has started using PAIR technique since 
2017 (12 patients). After analyzing the results 
of using this modern percutaneous method, 

we noted several complications such as sup-
puration of the cyst cavity and relapses during 
the first year after the intervention. These re-
sults necessitated the search for new minimally 
invasive methods of surgical treatment of pa-
tients with echinococcal liver cysts. 

Based on the colossal experience of Botkin 
Hospital in the treatment of patients with 
primary and secondary oncological diseases of 
the liver (more than 3000 patients), 330 of 
whom underwent tumor ablation procedures, 
we launched a clinical trial. The first stage of 
the study was clinical and morphological sub-
stantiation of both – the possibility of execu-
tion and the effectiveness of ablation methods 
in treatment of patients with echinococcal liv-
er disease.  

The first step was performing MWA and 
RFA of 27 removed echinococcal cysts in vitro 
and examining the results and after in vivo pro-
cedure (n=5), followed by complete removal 
of echinococcal cysts using open resection. 
The main aspects of result evaluation were: 

- The safety of the technique, 
- Morphological changes in the cyst wall, 
- Cytological assessment of effectiveness of 

the ablation procedure. 
The next part of the study evaluated the 

immediate and long-term results of PAIR 
technique, radiofrequency and microwave ab-
lation (12 PAIR, 3 RFA and 9 MWA) in pa-
tients with echinococcal liver disease.  

The indications for minimally invasive 
treatment methods were: 

- intraparenchymal location of echinococcal 
cyst; 

- Stage CE1-CE3a according to WHO-
IGWE; 

- PAIR: cyst size ranging from 5 to 10 cm; 
- MWA & MFA: cyst size up to 12 cm. 
Contraindications were:  
- Multiple cysts in the liver; 
- High ASA class (IV or higher). 

M 
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The present study was approved in 2017 by 
the local Ethics Committee of the Botkin 
hospital. All participants signed written con-
sent and the records of study participants were 
anonymized. 

The following parameters were analyzed in 
this study: duration of the intervention, post-
operative complications according to Clavien-
Dindo classification, hospital length of stay, 
relapse during the first year after surgery (6). 

 
Surgical procedures 
PAIR technique in patients with liver 
echinococcosis. 

The surgical clinic of Botkin Hospital has 
been using PAIR as a method of treatment of 
echinococcal cysts since 2017. The procedure 
was performed in an X-ray operating room 
under general anesthesia due to a potential risk 
of an anaphylactic reaction. The placed drain 
tube was removed the next day after conduct-
ing cytological examination of the cyst fluid 
for the presence of echinococcal parasite. In 
cases of verification of the presence of a living 
parasite, the procedure was repeated. 

 
Microwave ablation of echinococcal cysts 
in patients with liver echinococcosis  

The procedure was performed under general 
anesthesia in an X-ray operating room. The 
procedure was carried out with a microwave 
ablation system with a water-cooled antenna (a 
60 W generator with an oscillation frequency 
of up to 2.45 GHz). The cyst was punctured 
under ultrasound guidance. A port was in-
stalled in the cyst, through which, if necessary, 
part of the hydatid fluid was evacuated. Before 
removal of liquid contents of the cyst, a mi-
crowave antenna was installed in the cavity. 
The exposure time was 6-7 minutes at a max-
imum output power on the antenna (50 watts). 
The antenna needle was removed from the 
liver parenchyma slowly during the remaining 
20 seconds of the procedure, allowing the hot 
needle to coagulate the puncture channel, 
which prevented postoperative hemorrhage 
and parasitic dissemination.  

 
Radiofrequency ablation of echinococcal 
cysts in patients with liver echinococcosis 

The procedure was performed under general 
anesthesia in an X-ray operating room. The 
position of the patient on the operating table, 
similarly to the microwave technique, was de-
termined by the localization of the cyst and 
the presence of an ultrasound acoustic win-
dow for a safe trajectory of the puncture nee-
dle and subsequently inserted electrode. The 
procedure was carried out using a radiofre-
quency ablation system with a set of elec-
trodes (a 200 W generator with an oscillation 
frequency of 480 kHz). The cyst was punc-
tured under ultrasound guidance. Parallel to 
the RFA electrode, a puncture needle with an 
adequate diameter for the evacuation of liquid 
contents of the cyst was inserted into the cyst. 
After the end of the procedure a drain is left 
in the cavity in order to control the effective-
ness of the procedure and prevent possible 
complications. 

The exposure time was 12 minutes. Similar 
to the MWA procedure, the electrode was re-
moved from the liver parenchyma slowly in 
manual mode at maximum power, achieving 
heat treatment of the puncture channel, thus 
preventing postoperative hemorrhage and 
parasitic dissemination. 

 
Postoperative observation 

After the procedure the patient is transferred 
to the ward. Blood tests are performed 4 
hours post operation. Intravenous infusion is 
carried out in the postoperative period includ-
ing antibiotic prophylaxis. Ultrasound exami-
nation is performed on the first postoperative 
day. CT scan or MRI were performed on the 
second day to determine the efficacy of the 
ablation procedure and identify possible com-
plications of the intervention 

 
Statistical analysis 

Statistical analysis was performed using 
SPSS v.23.0 (IBM Corp., Armonk, NY). Con-
tinuous data were presented as mean ± SD 
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and analyzed using either Student’s t test. Cat-
egorical data were compared using a Pearson 
χ2 test or Fisher’s exact test. A two-tailed P < 
0.05 was considered statistically significant. 

 

 
 
 

Results 
 

Morphological evidence of the efficacy of 
ablation methods in patients with liver 
echinococcosis. 

 
The majority of patients (19/24) (Fig. 1) had 

CE1 and CE3a cysts. 

 
Fig. 1: Patient distribution (grouped by treatment method) by the class of the echinococcal cysts (WHO-

IGWE) 
 

In the group of patients who underwent 
RFA and MWA, cysts were predominantly 
sized from 5 to 10 cm, however, in two cases 

the cyst size was less than 5 cm and in one 
case more than 10 cm (Fig. 2). 

 

 
 

Fig. 2: Patient distribution by echinococcal cyst size in centimeters 
 

Leakage of hydatid fluid parallel to the aspi-
ration cannula and the electrode canal, was 

noted only in 3 out of 27 cases (Table 1). Fol-
lowing changes were noted at microscopic 
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level after the procedure: the presence of a 
pronounced layer of necrosis in 26/27 cases, a 
significant decrease in the hyaline layer in 
20/27 and degenerative changes in the chitin 
membrane in 21/27 (Fig. 3, 4). 

In 5 cases, with a thorough cytological ex-
amination, we identified living echinococcal 
parasites (Fig. 5). These findings were associ-
ated with the insufficient duration of the pro-
cedure (~ 5 minutes) and the large size of the 
cysts (13-17 cm). 

 
Table 1: Morphological and cytological evaluation after in vitro ablation of echinococcal cysts 

 

Variable RFA (n=13) MWA (n=14) 
Leakage of hydatid fluid 1 2 
Violation of the integri-
ty of the cyst 

0 0 

Destruction of large 
vessels 

0 0 

Destruction of large bile 
ducts 

0 0 

Presence of necrosed 
layer of liver parenchy-
ma 

12 14 

Significant reduction of 
the hyaline layer 

9 11 

Dystrophic changes in 
the chitinous membrane 

8 13 

Presence of living echi-
nococcal parasite in the 
cyst fluid 

3 2 

RFA = radiofrequency ablation, MWA = microwave ablation 

 

 
Fig. 3: Liver specimen after MW and RF ablation of the echinococcal liver cysts (image courtesy of Botkin 

Hospital). 
(A) Pronounced coagulation changes after MWA. (B) Incomplete coagulation necrosis after RFA 
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After microwave ablation a 5 mm zone of 

inflammation around the wall of the echino-
coccal cyst is visualized at a macroscopic level. 

The cyst after RF ablation showed signs of 
incomplete coagulation necrosis and residual 
hydatid fluid (Fig. 3B). 

 

 
Fig. 4: Microscopic view of the cyst wall (images courtesy of Botkin Hospital) 

(A) Unchanged echinococcal cyst wall (B) Evident necrobiotic changes in the chitinous membrane after mi-
crowave ablation 

 
Pronounced destruction of the chitinous 

membrane is noted at microscopic level when 
comparing the wall of an unchanged echino-

coccal cyst and the chitinous membrane after 
microwave ablation. 

 

 
 

Fig. 5: Cytological examination of the hydatid fluid (image courtesy of Botkin Hospital) 
(A) Unchanged echinococcal parasites after an ineffective RF ablation (B) Evident destruction of protoscole-

ces after microwave ablation 

 
Thus, in order to achieve effective results 

from the interventions, at this stage of the 
study, we excluded both cysts larger than 10 
cm and standardized the time interval for RF 
and microwave ablation (11-12 and 6-7 
minutes, respectively). 

The next step of the research was analysis of 
effects of ablation treatment methods on liver 

echinococcal cysts in five patients who un-
derwent surgery as the second stage of treat-
ment. All patients in this group underwent 
laparotomy, pericystectomy. The main points 
of evaluation were morphological and cytolog-
ical changes in the wall and contents of the 
cysts (Table 2). 
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Table 2: Morphological and cytological evaluation after in vivo ablation of echinococcal cysts 

 

Variable RFA (n=2) MWA (n=3) 
Violation of cyst integrity 0 0 
Destruction of large vessels 0 0 
Destruction of large bile 
ducts 

0 0 

Presence of necrosed layer of 
liver parenchyma 

2 3 

Significant reduction of the 
hyaline layer 

2 3 

Dystrophic changes in the 
chitinous membrane 

2 3 

Presence of alive Echinococcus 
parasites 

0 0 

Full-blooded capillaries 2 3 
Dilated lymphatic capillaries 2 3 

RFA = radiofrequency ablation, MWA = microwave ablation 

 
Effectiveness of ablation interventions in 

this group of patients was significantly higher 
than in the in vitro group (Table 2). This is at-
tributed to smaller size of ablated cysts and 

active inflammation in the post-procedure ar-
ea, which, apparently, contributed to the im-
provement in the effectiveness of the proce-
dure (Fig. 6). 

 

 
Fig. 6: Evident necrobiotic changes in the chitinous membrane after microwave ablation (image courtesy of 

Botkin Hospital) many capillaries, lymphatic vessels 

 
Clinical substantiation of efficacy of echi-
nococcal cysts ablation treatment meth-
ods. 

In this part of our study we analyzed the 
immediate and long-term results of treatment 
of patients (n=24) with echinococcal liver dis-

ease who underwent various minimally inva-
sive interventions: 12 PAIR procedures, 9 mi-
crowave ablations and 3 RF ablations of echi-
nococcal cysts. 

The duration of the intervention, postopera-
tive complications (Clavien-Dindo), hospital 
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length of stay, the necessity for a repeat pro-
cedure and relapse during the first year after 
surgery were assessed. 

Comparison of the immediate and long-term 
results of the use of PAIR, RFA and MWA 
treatment methods can be seen in Table 3. 

 
Table 3: Immediate and long-term treatment results of patients after PAIR, RFA and MWA of echinococcal 

cysts 

 
Variable 
Operation duration 

PAIR (n=12) 
36 (31-44) min 

RFA (n=3) 
42 (41-43) min 

MWA (n=9) 
36,8 (29-47) min 

p 
0.166 

Clavien-Dindo 
I 
II 
III 
IV 
V 
Total 

 
2 
2 
4 
0 
0 
8 

 
1 
2 
0 
0 
0 
3 

 
1 
0 
1 
1 
0 
3 

 
 
 
 
 
 

0.156 
LOS 6.46 (4-11) 4.7 (3-7) 4 (2-7) 0.063 
Repeat treatment 4 0 0 0.100 
Relapses during 12-month 
postoperative period 

3/12 (25%) 0 0 0.193 

PAIR = puncture, aspiration, injection, reaspiration, RFA = radiofrequency ablation, MWA = microwave ab-
lation, LOS = hospital length of stay 

 
The amount of Clavien-Dindo complica-

tions in the group of patients who underwent 
the PAIR method was 8 out of 12 patients, 4 
complications were classified as class III and 
above, which required minimally invasive op-
erations such as drainage of the residual cavity 
(Table 3). Three complications were recorded 
in the groups of patients after RFA and 
MWA. In one patient, after microwave abla-
tion, a class III complication was noted, which 
required drainage of the residual cavity due to 
its initially large size (more than 10 cm). In 
one case, a patient after microwave ablation in 
the postoperative period experienced anaphy-
laxis, which required a transfer to the intensive 
care unit. 

The duration of the postoperative hospital 
stay after PAIR was 6.46 versus 4.7 and 4 in 
the groups of patients who underwent RFA 
and MWA, respectively (P=0.063). The statis-
tically longer hospital stay of patients after 
PAIR was due to postoperative complications, 
as well as repeated interventions in order to 
achieve necessary results. After performing a 
CT-scan or an MRI of the abdomen, the effi-

cacy of the procedure was confirmed, which 
allowed the patient to be discharged from the 
hospital. 

Relapses during the first year after the PAIR 
procedure were 25%, which required other 
types of surgical treatment (pericystectomy or 
microwave ablation). In patients who under-
went ablation treatment methods of echino-
coccal cysts, no relapses of the parasitic pro-
cess in the liver were noted during the speci-
fied time. 

 

Discussion 
 

Currently, the treatment of liver echinococ-
cosis is based on the recommendations of the 
WHO working group (7). Based on imaging 
data and in accordance with the stage of the 
disease, various treatment options are availa-
ble: surgical treatment (total or subtotal peri-
cystectomy, atypical and anatomic liver resec-
tion), PAIR (puncture, aspiration, injection, 
reaspiration) or its analogues, solo drug treat-
ment or in a combination with other methods 
and a "watch-and-wait" approach. 
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The proposed algorithm for treatment of 
liver echinococcosis, according to the above 
classification, applies that PAIR procedure be 
used for type CE1 (single cyst) and CE3A 
(cyst with exfoliated chitinous membrane) in 
the absence of a cystobiliary communication 
(CBC). In CE2 (multilocular cyst) and CE3B 
(cyst with daughter cysts and cyst with solid 
contents) cysts, the PAIR technique or surgi-
cal treatment is used; for type CE4 (cyst with 
heterogeneous contents) and CE5 (solid cyst 
with calcifications) surgical treatment is not 
required. However, in the presence of compli-
cations (cystobiliary fistula, suppuration), vari-
ous treatment options are available (8). 

Even in modern times, the choice of treat-
ment of liver echinococcosis often depends 
on experience of the surgeon and the availabil-
ity of the necessary equipment, and to a lesser 
extent, on the type of cyst and it's complica-
tions that have developed (9). 

The surgical tactic, as a rule, depends on the 
experience of treating this certain category of 
patients in a particular clinic. Also most of the 
clinics dealing with this problem present a 
treatment analysis of a small number of ob-
servations. This is due to a rather low fre-
quency of surgical operations performed for 
this pathology (10-12). 

Last decade has seen the introduction of 
modern minimally invasive technologies such 
as PAIR (13). This technique allows to achieve 
comparable long-term results with a signifi-
cantly low number of general and specific 
complications (5). 

The main factor that contributed to the ini-
tiation of this fundamental research was the 
unsatisfactory results of PAIR treatment 
method. In the surgical clinic of Botkin Hos-
pital we never encounter relapses after surgical 
operations, even over a long period of obser-
vation, compared to the time period after the 
introduction of PAIR. We noted a relapse of 
the disease in 25% of patients due to ineffec-
tiveness of the procedure. This fact deter-
mined the need to search for new ways of sur-

gical treatment of patients with liver echino-
coccosis. 

The fundamental basis for the clinical and 
morphological substantiation of the possibility 
of using ablation technologies in patients with 
liver echinococcosis was the colossal clinical 
experience and studies previously conducted 
in the clinic, which proved the effectiveness of 
applying ablation methods of treatment on 
primary and secondary liver tumors. 

These morphological and clinical results al-
lowed us to proceed to the next stage of the 
study - in vitro and in vivo MWA and RFA of 
echinococcal cysts. In order to assess the safe-
ty and effectiveness of these techniques in pa-
tients with echinococcal liver cysts, we per-
formed 27 in vitro interventions. Together with 
the pathomorphological department of Botkin 
hospital, all cyst samples after ablation were 
examined at microscopic level and the follow-
ing changes were noted: the presence of a 
pronounced layer of necrosis in 26/27 cases, a 
significant decrease in the hyaline layer in 
20/27 cases and degenerative changes in the 
chitinous membrane in 21/27 cysts. 

Complete destruction was not achieved in 5 
patients: a thorough cytological examination 
revealed alive echinococcal parasites. These 
findings, as we mentioned above, were associ-
ated with the insufficient duration of the pro-
cedure (about 5 minutes of microwave abla-
tion) and large size of the cysts (13-17 cm). 

After achieving first satisfactory results, we 
decided to perform RFA and MWA in vivo in 
patients with echinococcal liver disease, fol-
lowed by surgical intervention in the volume 
of pericystectomy to assess morphological and 
cytological changes with preserved blood flow 
in the liver. According to the results of the 
data obtained, ablation in patients with echi-
nococcal cysts demonstrated its effectiveness 
(evident destructive changes in the cyst walls), 
safety (no damage to large vascular and biliary 
structures). 

All the collected data led us to the next part 
of the study: a comparative analysis of treat-
ment results of using PAIR, RFA and MWA 
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techniques in patients with echinococcal liver 
disease. Effects of ablation treatment methods 
of parasitic cysts are comparable with the 
commonly used PAIR method, but lead to 
less complications, repeat operations and re-
lapses within a year of observation. 

 
Conclusion 
 

The presented clinical and morphological 
substantiation of applying ablation treatment 
methods on echinococcal cysts, as well as a 
comparative analysis with the commonly used 
PAIR treatment method, demonstrated pa-
tient safety and effectiveness in relation to the 
hydatid process. Further application of these 
operations and prospective multicenter studies 
will allow the evaluation of long-term results. 
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