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The Conversion Time of Cysts to Inactive form After 
Percutaneous Treatment of Hepatic Hydatid Disease 
and Predisposing Factors in This Process
Karaciğer Kist Hidatik Hastalığının Perkütan Tedavisi Sonrasında, Kistin İnaktif 
Formuna Dönüşüm Süresi ve Bu Süreci Etkileyen Faktörler

Aim: This study aimed to evaluate the duration of cyst inactivation 
after percutaneous treatment of hepatic hydatid disease and the 
factors that may affect this process.

Methods: Ultrasound follow-up records were evaluated, and 
the criteria for cyst inactivation were determined. Cyst type, 
cyst size, and location were listed after scanning pre-treatment 
ultrasound reports. Percutaneous treatment technique, aspirated 
cyst content, complications, and duration of catheterization 
were listed. The time elapsed from percutaneous treatment to 
cyst inactivation was defined as inactivation time. Ultrasound 
follow-up period, cyst size at the last follow-up, and inactivation 
time were recorded. 

Results: A total of 116 patients were included in the study. The 
mean follow-up period after treatment was 1003.95±293.23 
days. The mean inactivation time was 420.99±221.18 days. The 
size of the inactivated cysts decreased significantly compared 
to the pre-treatment cyst size (p=0.001). There was a positive 
correlation between cyst size and duration of catheterization 
(p=0.0001). The inactivation time decreased with increased 
duration of catheterization (p=0.001). There was a significant 
decrease in the inactivation time in patients who presented with 
complications (p=0.008). 

Conclusion: Patients who develop complications after 
percutaneous treatment and patients with longer catheterization 
exhibit shorter cyst inactivation time. 

Keywords: Hepatic, hydatid disease, hydatid cyst, cystic 
echinococcosis

Amaç: Bu çalışmanın amacı karaciğer kist hidatik hastalığının 
perkütan tedavi sonrasında kist inaktivasyon süresini ve bu süreci 
etkileyebilecek faktörleri değerlendirmektir.

Yöntemler: Takip ultrasonografi raporları değerlendirildi ve 
kist inaktivasyon kriterleri belirlendi. Tedavi öncesinde yapılmış 
olan ultrasonografi raporları taranarak kist tipi, kist boyutu ve 
lokalizasyonu listelendi. Uygulanan perkütan tedavi türü, kist 
içeriğinden gelen aspirat özelliği, komplikasyonlar, kateterizasyon 
süresi listelendi. Perkütan tedavi uygulama zamanından inaktif 
forma dönüşünceye kadar geçen süre, inaktivasyon süresi olarak 
tanımlandı. Ultrasonografi takip süresi, kistin son kontroldeki 
boyutu, inaktivasyon süresi kayıt edildi.

Bulgular: Toplamda 116 hasta verileri çalışmaya dahil edildi. 
Tedavi sonrası ortalama takip süresi 1003,95±293,23 gün 
olmuştur. Ortalama inaktivasyon süresi 420,99±221,18 gün 
oldu. Tedavi öncesi kist boyutuna kıyasla inaktive olmuş 
kistlerde boyut anlamlı olarak azalmaktadır (p=0,001). Kist 
boyutu ile kateterizasyon süresi arasında pozitif bir korelasyon 
gözlendi (p=0,0001). Kateterizasyon süresi arttıkça inaktivasyon 
süresi azaldı (p=0,001). Komplikasyon gelişen hasta grubunda 
inaktivasyon süresinde anlamlı olarak azalma oldu (p=0,008). 

Sonuç: Perkütan tedavi sonrasında komplikasyon gelişen 
veya kateterizasyonun daha uzun süre olduğu hastalarda kist 
inaktivasyon süresi kısalmaktadır. 

Anahtar Sözcükler: Karaciğer, hidatik hastalık, hidatik kist, kistik 
ekinokokuz
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Introduction 
Humans are an accidental intermediate host for cystic 

echinococcosis (CE), also known as hydatid disease (1). It 
is known to be endemic all over the world, especially in 
rural areas (2). The liver is the most commonly affected 
organ by the parasite (3). Three therapeutic modalities 
exist to treat hepatic CE: chemotherapy, surgery, and 
percutaneous drainage (4). 

Percutaneous methods have been preferred in the 
treatment of hepatic hydatid disease in recent years as 
they are minimally invasive with low mortality and high 
technical success rate (5-7). Especially in the last two 
decades, different methods such as puncture, aspiration, 
injection, and re-aspiration (PAIR), standard catheterization 
technique with hypertonic saline and ethanol (PAIDS), and 
modified catheterization (MoCAT) have been successfully 
used in the treatment of hepatic hydatid cysts (8-11). 

CE cysts are classified as active (CE1, CE2), transitional 
(CE3a and CE3b), and inactive (CE4, CE5) according to the 
World Health Organization Informal Working Group on 
Echinococcosis (WHO-IWGE) ultrasound (US) classification 
(12). It is recommended to categorize hydatid cysts 
according to the CE classification along with a follow-up 
period of 5 years with US after percutaneous treatment 
(13). Percutaneous treatment aims to convert active and 
transitional liver cysts to inactive form (14). 

Available studies have mostly examined the success of 
medical, surgical, and percutaneous treatment methods. 
However, follow-up of the cysts after percutaneous 
treatment, follow-up period, inactivation time, and 
predisposing factors affecting this inactivation time were 
neglected. This study aimed to evaluate the inactivation 
time of hepatic hydatid cyst after percutaneous treatment 
and the factors that may affect this process. 

Methods

Ethical 

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee 
and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. This work 
was approved by the local ethics committee, Necmettin 
Erbakan University Meram Faculty of Medicine, Medicine 
and Non-medical Devices Ethics Committee (decision year 
and no: 2020/2270).

StudyPlanandPatients

The study was planned retrospectively in the 
interventional radiology unit of the institution. Hospital 
records of 177 patients with hepatic hydatid cysts, who 
underwent percutaneous treatment between January 

2016 and December 2018, were retrospectively screened. 
Follow-up US was done before and after treatment 
by an interventional radiologist. The US reports were 
recorded on the system as soon as they were made. Post-
treatment 1st, 3rd, 6th, 9th, 12th, 24th, 36th, 48th and 60th 

months follow-up records of patients, who underwent 
percutaneous treatment according to the diagnosis and 
follow-up standards of the WHO-IWGE US classification, 
were evaluated. In these reports, the number of cysts, 
type of cysts, membrane degeneration of the cyst and 
solidification features of the cyst were indicated. Cysts 
with no identified change in size and content and 
purulent cystic appearance with intact inner membrane 
were considered signs of unsuccessful treatment. The 
development of new daughter vesicles was accepted as 
recurrence. Decreased cyst size, along with the absence of 
daughter vesicles or pure cystic appearance, was defined 
as desirable criteria for cyst inactivation. On the contrary, 
complete obliteration of the cyst cavity and complete solid 
cyst content with no fluid component were defined as 
inactivation criteria alone (Figure 1). Decreased cyst size 
with shrunken, collapsed, solidified inner membrane, and 
more than 50% solidification of cyst content was accepted 
as inactivation (Figure 2) (8-17). 

Thirty-six patients, who did not regularly show up 
or those who did not attend US follow-up visits, were 
excluded. Another 25 patients, who were scheduled for 
US follow-up in a different institution, whose reports did 

Figure1. The cyst, which was 20x12.6 cm in size before the 
treatment, decreased to 8.7x4.5 cm at 3-year follow up with a 
solid cystic content form without any fluid component
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not comply with our US evaluation format, were excluded 
from the study. A total of 61 patients were excluded from 
the study. Medical records and US scans of the remaining 
116 patients were analyzed retrospectively using the 
hospital data processing and communication system. 

Age and gender were recorded. Recorded US reports 
made before and after treatment by the interventional 
radiologist were examined. Cyst type, cyst size, and 
location were listed by the interventional radiology 
specialist after scanning the pre-treatment US reports. 
Treatment type, aspirated cyst content, complications, 
and duration of catheterization were listed using the 
records of percutaneous treatment and patient reports. 
Inactivation time was defined as the time elapsed from 
the time of percutaneous treatment to conversion to the 
inactive form. Follow-up period, cyst size at the last follow-
up, and inactivation time were recorded using US follow-
up reports. 

Statistical Analysis

Statistical analysis was done using the Statistical 
Package for Social Sciences (SPSS) for Windows 22.0 

(SPSS Inc, Chicago, IL). Descriptive statistics are presented 
as median (25-75%), frequency distributions, and 
percentages. Visual (histogram and probability graphs) and 
analytical (Kolmogorov-Smirnov test) methods were used 
to assess the conformity of the quantitative data to the 
normal distribution. 

The independent samples t-test was used to assess 
the correlation between gender and location variables 
and inactivation time. Simple linear regression was used 
to evaluate the effects of complications, aspirated cyst 
content, treatment technique, and cyst type on inactivation 
time. The one-sample t-test was used to evaluate the 
significance of the difference between pre-treatment cyst 
size and inactivated cyst size. Correlation analysis was done 
to evaluate the correlation between cyst size, inactivation 
time, and duration of catheterization. The one-way 
ANOVA test was used to evaluate the effect of variables of 
cyst type, treatment technique, and aspirated cyst content 
on inactivation time. Pearson’s chi-squared test was used 
to evaluate the relationship between different treatment 
techniques, variable cyst types, and complications such as 
CBF and abscess. The level of statistical significance was 
accepted as p<0.05.

EvaluationBeforePercutaneousTreatment

All patients were evaluated with US by the 
interventional radiologist prior to treatment. Albendazole 
was administered orally at a dose of 10 mg/kg/day for 
prophylaxis to reduce the risk of secondary dissemination 
10 days before percutaneous treatment. The same dose 
was continued for 15 days after treatment. 

Percutaneous Treatment and Follow-up
Procedures

All percutaneous treatment procedures were 
performed by two interventional radiologists with at least 
3 years of experience. Treatment procedures were carried 
out under aseptic conditions with US or fluoroscopic 
guidance. 

The PAIR procedure was used for the treatment of CE1 
and CE3 cysts ≤5 cm. The PAIDS procedure was used for 
the treatment of CE1 and CE3 cysts >5 cm. The MoCAT 
procedure was used for the treatment of CE2 cysts and 
cysts with purulent contents. Thirty percent hypertonic 
saline was used as a scolicidal agent, while 95% ethyl 
alcohol was used as a sclerosing agent. The PAIDS and 
MoCAT procedures were initiated by following the 
same PAIR protocols and stages. Catheters of different 
thicknesses were inserted. A 6-8 F thick catheter (Bioteq, 
Taipei, Taiwan) was inserted into the cystic cavity in the 
PAIDS technique, while a 10-14 F catheter (Bioteq, Taipei, 
Taiwan) was used in the MoCAT technique. A collection 
bag was then attached to the tip of the catheter for 

Figure 2. Decreased cyst appearance with more than 50% 
solidification of cyst content at 1-year follow-up in a patient 
treated using the standard catheterization technique with 12 
days of catheterization
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free drainage. Ethanol sclerotherapy and aspiration were 
performed after 24 hours if no fistulas were observed. 
Additionally, in the MoCAT technique, the catheter was 
rotated around its axis inside the cyst and the cyst was 
irrigated daily with physiological saline until the aspirated 
fluid and cyst contents became clear. These procedures 
were repeated until all cysts, daughter vesicles, and 
septations were cleared. In both procedures, the catheter 
was removed once the output was less than 10 cc and 
clear.

After the treatment, the patients were taken to 
the observation units. Patients, who underwent the 
PAIR procedure, were discharged after 6 hours if no 
complications occurred. Patients, who underwent 
catheterization, were discharged 1 day after the catheters 
were removed. At the 1st, 3rd, 6th, 9th, 12th, 24th, 36th, 48th 
and 60th months, US follow-ups were performed. 

Results 
A total of 116 patients (35 males, 81 females) were 

included in the study. The mean age of the patients 

was 43.94±19.74 years. The PAIDS technique was the 
most preferred procedure with 57.8% (Table 1). The 
follow-up period in the interventional radiology unit was 
between 270 and 1340 days. The mean follow-up period 
after treatment was 1003.95±293.23 days. The mean 
inactivation time was 420.99±221.18 days. The mean 
pre-treatment cyst size was 8.82±4.10 cm. The mean 
final cyst size in inactivated cysts was 5.06±2.26 cm. A 
significant decrease was observed in cyst size in which 
inactivation was achieved compared to the pre-treatment 
cyst size (p=0.001). The effect of age, lesion location, and 
treatment technique on cyst inactivation time was not 
statistically significant (p=0.379, p=0.356, p=0.912 and 
p=0.598, respectively). 

The most common aspirate after cyst puncture 
was hydatid sand. The mean inactivation time was 
412.35±205.56 days in patients with hydatid and aspirate, 
506.00±326.92 days in patients with a yellow-colored 
aspirate, and 460.90±308.89 days in patients with the 
purulent aspirate (p=0.370). The mean inactivation 
time was 482.42±268.26 days in male patients and 

Table 1. Distribution of demographic data and comparable variables in liver hydatid cyst CE groups

CE1 CE2 CE3 p

Age,mean(±SD) 45.68 (19.06) 32.86 (21.36) 39.84 (21.52) 0.379

Gender,n(%)

Male 24 (26.7) 3 (42.9) 8 (42.1)
0.086

Female 66 (73.3) 4 (57.1) 11 (57.9)

Localization,n(%)

Left 21 (23.3) 0 (0.0) 6 (31.6)
0.912

Right 69 (76.7) 7 (100) 13 (68.4)

Pretreatmentcystsize,(cm)mean(±SD) 8.65 (3.78) 7.36 (3.30) 10.22 (5.47) 0.086

Treatment,n(%)

PAIDS 53 (58.9) 3 (42.9) 11 (57.9)

0.598MoCAT 12 (13.3) 3 (42.9) 4 (21.1)

PAIR 25 (27.8) 1 (14.3) 4 (21.1)

Aspirate,n(%)

Hydatid sand 83 (92.2) 6 (85.7) 11 (57.9)

0.138Yellow-colored 4 (4.4) 0 (0.0) 1 (5.3)

Purulent liquid 3 (3.3) 1 (14.3) 7 (36.8)

Durationofcatheterization,(day)mean±SD 6.03 (14.87) 3.33 (2.73) 9.20 (13.06) 0.001

Complication,n(%)

None 83 (92.2) 7 (100) 18 (94.7)
0.721

Yes 7 (7.8) 0 (0.0) 1 (5.3)

Follow-upperiod,(day)mean(±SD) 1031.16 (286.77) 865.71 (245.96) 926.05 (324.12) 0.203

Cystfinalsize,(cm)mean(±SD) 4.91 (2.11) 4.94 (2.58) 5.83 (2.80) 0.125

Cystinactivationtime,(day)mean(±SD) 409.50 (212.65) 349.29 (156.46) 501.84 (266.93) 0.173

Total,n(%) 90 (77.6) 7 (6) 19 (16.4) -

CE: Cystic echinococcus, MoCAT: Modified catheterization technique, PAIR: Puncture, aspiration, injection, respiration, PAIDS: with catheter drainage and injection of 
sclerosing agents, SD: Standard deviation, n: Number
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394.44±193.32 days in female patients. Inactivation time 
was significantly shorter in female patients (p=0.049).

The overall mean inactivation time was 420.99±221.18 
days. Among the CE1, CE2, and CE3 cysts, the shortest 
inactivation time was 349.28±156.45 in the CE2 cyst 
group. However, the effect of different cyst types on 
inactivation time was not statistically significant (p=0.173).

The mean duration of catheterization was 6.39±14.09 
days in the PAIDS and MoCAT procedures. The mean 
duration was 1.94±1.25 days in the PAIDS procedure 
and 22.11±24.33 days in the MoCAT procedure. The 
longest catheterization duration in the CE3 cyst group 
was 9.20±3.06 days. There was a significant difference in 
the duration of catheterization among the CE1, 2, 3 cyst 
groups (p=0.001). A positive correlation was observed 
between cyst size and duration of catheterization (Pearson 
correlation coefficient p=0.333, p=0.0001) with longer 
catheterization resulting in shorter inactivation time 
(p=0.001). 

Post-treatment complications were observed in eight 
(6.9%) patients. Three (2.6%) patients developed an 
abscess while five (4.3%) patients developed a cysto-biliary 
fistula (CBF). Complications occurred in one (3.3%) of 30 
patients undergoing the PAIR procedure, in six (31.6%) 
of 19 patients undergoing the MoCAT procedure, and in 
one (1.5%) of 67 patients undergoing catheterization. The 
incidence of CBF and abscess was significantly higher in 
patients requiring MoCAT procedure (p=0.001). The mean 
inactivation time was 435.78±216.60 days in patients who 
did not develop complications. The mean inactivation time 
was 133.33±145.11 days in patients developing abscess 
and 274.00±214.51 days in patients developing CBF. 
There was a significant decrease in the inactivation time 
among patients who developed complications (p=0.008). 

Two patients received additional percutaneous 
treatment. Increased cyst size was noted in the first 
patient at the 3-month follow-up and in the second patient 
at the 6-month follow-up. It was considered as recurrence 
or unsuccessful treatment, and additional percutaneous 
treatment was performed. No dissemination was observed 
in other hepatic segments in any patient. 

Discussion
In this study, the long-term outcomes of percutaneous 

treatment of hydatid cysts were evaluated. The duration 
of cyst inactivation, which was aimed at the treatment, 
and predisposing factors affecting this process were 
assessed. A significant decrease was observed in the size 
of the cysts in which inactivation was achieved compared 
to the pre-treatment cyst size. A positive correlation was 
noted between cyst size and duration of catheterization. 
Shorter inactivation time was observed in patients who 

developed complications and had longer catheterization. 
It was proved that the cyst inactivation time was shorter in 
patients who underwent additional catheter treatment and 
longer primary catheterization due to the development of 
complications. 

The risk of the CBF is high in cysts measured larger 
than 8 cm prior to hepatic hydatid treatment (p=0.007) 
(18). Similarly, some studies reported a higher incidence 
of CBF in cysts larger than 8.5 cm (19). Polat et al. (20) 
published long-term results of patients undergoing 
percutaneous treatment of hepatic hydatid cysts with 
a mean follow-up of 54±5.4 months. They reported a 
progressive and statistically significant decrease in cyst 
size and an alteration in cyst appearance during the 
inactivation process. The initial cyst size was 7.5±2.9 
cm, while the cyst diameter decreased to 3.2±1.5 cm 
in the last follow-up period (p<0.001). None of these 
three studies evaluated the effects of other variables 
such as duration of catheterization, except for size, on 
inactivation time. This study reported patient records 
with a mean follow-up period of 1003.95±293.23 days. 
The mean pre-treatment cyst size was 8.82±4.10 cm, 
and the cyst size decreased to 5.06±2.26 cm in the 
cysts achieving inactivation. In this study, the cyst size 
decreased significantly during the inactivation process, 
which was consistent with other studies (p=0.001). 
Besides, as a complement to the above-mentioned 
studies, the correlation between cyst size and duration 
of catheterization was also evaluated. The relationship 
of inactivation time with cyst size and duration of 
catheterization was demonstrated. There was a positive 
correlation between the cyst size and the duration of the 
catheterization in percutaneous treatment procedures 
(PAIDS and MoCAT) with catheters (p=0.0001). Both 
the largest mean cyst size and the longest mean 
catheterization were observed in the CE3 cyst group 
(p=0.001). Inactivation time was shorter in these larger 
cysts with longer duration of catheterization. There 
was a negative correlation between the duration of 
catheterization and the inactivation time, while a positive 
correlation was observed with cyst size.

In conclusion: Complications are more common in 
larger cysts. Additional catheter treatment and longer 
catheterization are required in cases who present with 
complications. The amount of aspirated cystic fluid 
contents and fragmented membranes increases with 
longer catheterization. This situation may lead to rapid 
inactivation and reduced inactivation time. 

Complications such as abscess or CBF may be observed 
secondary to percutaneous treatment (21). Percutaneous 
catheter drainage and medical treatment can be used in the 
treatment of abscesses (22). The communication between 
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the cyst and the biliary system due to cyst decompression 
(CBF development) is a complication easily manageable 
by endoscopy (23). Turan et al. (24) conducted a study 
comparing two percutaneous methods and found that the 
complication rate of the Trocar technique was 6.1%, while 
that of the Seldinger technique was 17.9%. The Seldinger 
technique has a higher rate of complications. A detailed 
evaluation reveals that no local recurrence occurs, and all 
cysts are inactivated with the Seldinger technique. This 
occurrence suggests that complications may contribute 
to the inactivation process. However, they overlooked 
these significant findings and did not evaluate the effect 
of complications on the inactivation process. The present 
study demonstrated that inactivation time was significantly 
lower in patients who developed an abscess and CBF 
compared to those who did not (p=0.008). Complications 
and associated additional percutaneous procedures play a 
significant role in the inactivation process. Accumulation 
of different cystic fluids, such as abscesses or bile, may 
also affect cyst inactivation. In addition, removal of cyst 
fluid content and other membranous structures during 
the treatment of these complications may accelerate 
inactivation.

StudyLimitations

This study has some limitations. First, all patient follow-
ups were performed using US. It is known that US is 
reliable for detecting pathognomonic symptoms of CE 
(25). US is a simultaneously applied method. Therefore, 
it is not an imaging tool suitable for data recording and 
storage. We could not re-evaluate the follow-up US scans 
retrospectively. However, the study was not negatively 
affected as our report format, and assessment standard 
were set according to the diagnosis and follow-up 
standards of the World Health Organization (WHO) CE 
classification. Second, the majority of the US follow-up 
reports of patients, performed in other institutions, did not 
comply with the diagnosis and follow-up standards of the 
WHO CE classification. These patients were excluded from 
the study to avoid any inconsistency. In this regard, the 
number of patients excluded from this study was higher 
than expected. However, the remaining patient group was 
sufficient for the significance of statistical analyses. 

Conclusion
Decreased cyst size during the US follow-up period 

after percutaneous treatment of hydatid cysts is indicative 
of inactivation. Additionally, catheterization is longer in 
larger cysts, which contributes to decreased inactivation 
time. Subsequent complications, such as abscesses and 
cyst-biliary fistula, reduce the duration of inactivation. 

Inactivation time is shorter in cases undergoing longer 
catheterization for the extraction of the fluid content and 

membranous structures of the cyst in the percutaneous 
treatment of hepatic hydatid cysts.
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