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Okan Akhan1 • Erhan Erdoğan2 • Turkmen Turan Ciftci1 • Emre Unal1 •
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Abstract

Purpose To evaluate and compare the results of puncture,

aspiration, injection and re-aspiration (PAIR) and

catheterization techniques for treatment of CE1 and CE3a

liver hydatid cysts according to World Health Organization

classification.

Materials and Methods Forty patients (29 females) with 56

liver CE1and CE3a cysts were prospectively randomized

and enrolled into 2 groups by sealed envelope method.

Procedures were performed under general anesthesia.

Several parameters including technical success (complet-

ing procedure steps), clinical success (lack of recurrence on

follow-up), major and minor complications, long-term

changes of cyst cavities and length of hospital stay were

compared between two groups.

Results As in 2 patients with 3 cysts, PAIR technique had

to be changed to catheterization technique due to technical

reasons. The technical success rates were 91.9% and 100%

for PAIR and catheterization groups, respectively. Volume

decrease rates were 78.5% and 86.8% in PAIR and

catheterization groups, with a mean follow-up of 78.1 and

71 months, respectively. There was no mortality, anaphy-

lactic shock or intraabdominal dissemination. The rate of

major complications such as abscess, cysto-biliary fistula

and recurrence was 2.94% and 36.84% in PAIR and

catheterization groups, respectively (p = 0.002). Median

length of hospital stay was shorter in PAIR group (1 vs

4 days) (p = 0.015).

Conclusion PAIR technique should be preferred to

catheterization technique for treatment of liver CE1 and

CE3a cysts due to lower rates of major complications and

length of hospital stay. Catheterization technique should be

employed when cysto-biliary fistula was evident.

Keywords Liver CE � Liver hydatid cysts �
Echinococcosis � Percutaneous treatment � PAIR �
Catheterization

Introduction

Cystic echinococcosis (CE), traditionally named as hydatid

cyst, is a common public health problem in several parts of

the globe including Mediterranean basin, Middle East and
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South America as well as several parts of India, China and

Africa [1–4]. Patients may be diagnosed incidentally or

may present with nonspecific symptoms. Clinically severe

complications such as; systemically disseminated disease

or anaphylaxis after cyst rupture into the peritoneum or

biliary tract, albeit rare, may also be encountered in the

course of the disease. Viable cysts, even if the patients are

asymptomatic, should be treated due to the aforementioned

potentially life threatening complications related to the

disease [3]. The traditional approach to treatment for liver

CE is surgery. However, this approach may be associated

with high rates of morbidity, mortality, disease recurrence

and a long stay in the hospital with non-negligible burden

on health care expenses [5–8]. Noninvasive approach, with

albendazole, has been shown to have limited efficacy in the

treatment of this patient group [9, 10]. In modern clinical

practice, percutaneous approach to these patients has been

shown to be highly effective and with reduced morbidity

and mortality [5, 7, 11–14].

There are three different techniques for the percutaneous

treatment of hydatid cysts:

1. PAIR (Puncture, Aspiration of the cyst contents,

Injection of hypertonic saline and Reaspiration of all

the fluid)

2. Catheterization technique with hypertonic saline and

ethanol are widely used for liver CE1and CE3a type

hydatid cysts according to world health organization

(WHO) classification.

3. Modified catheterization Technique (MoCaT): This

approach has been defined for the percutaneous

treatment of CE2 and CE3b liver cysts [15–17].

Among these three, PAIR emerges as a relatively less

technically demanding approach. It is characterized with

one needle puncture into the cyst, whereas catheterization

technique necessitates more needle and catheter manipu-

lations. The main downside of catheterization technique is

the longer patient stay time in the hospital stay [5, 7].

Despite the fact that the results of both techniques have

been reported separately in the literature, to the best of our

knowledge, there are no data in the literature comparing the

effectiveness of PAIR and catheterization techniques in a

prospective fashion.

The aim of this study is to compare the long-term results

of PAIR and catheterization techniques in the treatment of

liver CE1 and CE3a in prospective randomized manner.

Materials and Methods

Forty patients (29 females) with 56 liver CE1and CE3a

cysts were prospectively randomized and enrolled into 2

groups within a 5 year period. Randomization was done

with sealed envelope technique. The operators, who were

blinded to the patient’s radiological data, opened the

envelopes the day before to procedure. In two patients with

3 cysts in the PAIR group, the treatment approach had to be

changed to catheterization technique due to technical

necessities. Finally, 38 patients with 53 liver hydatid cysts

who met the inclusion criteria were enrolled into the study

(Table 1).

In the first arm of the study (21 patients with 34 cysts),

cysts were treated with ‘‘PAIR technique’’, whereas; 17

patients with 19 cysts were treated with ‘‘catheterization

technique’’ in the second arm. The procedures were per-

formed by two senior interventional radiologists who had

at least 10 years of experience in percutaneous treatment of

the hydatid disease.

After the procedures, we prospectively followed the

patients in terms of primary (technical success and com-

plications) and secondary (recurrence rate, length of hos-

pital stay and long-term changes of cyst cavities) outcomes.

Our Institutional Review Board approved this study.

Hypothesis of the Study, Inclusion and Exclusion

Criteria

The hypothesis of the study was that the complication rates

are lower in patients treated with PAIR technique as

compared to those treated with the catheterization

technique.

Inclusion criteria: Patients with WHO CE1 (pure fluid

collection) and WHO CE3a (fluid collection with a split

wall) liver hydatid cysts with diameter of at least 4 cm

irrespective whether they were symptomatic or asymp-

tomatic were included.

Exclusion criteria: Patients with liver CE2 and CE3b,

CE4 or CE5 hydatid cysts according to.

WHO classification with extrahepatic hydatid cysts and

liver CE 1 and 3a cysts smaller than 4 cm.

Pre-procedural Preparation

The hydatid cysts were initially diagnosed with ultra-

sonography and were classified on the basis of US features.

After aspiration of the cyst content, the diagnosis was

confirmed with microbiological examination.

Written informed consents were obtained from all

patients before the procedure. Prophylactic Albendazole

(Andazol;Biofarma/Turkey) was given 10–15 mg/kg/per

day orally, starting one week before the procedure and

continuing 4 weeks after procedure [18]. Due to the

potential risk of severe allergic reaction all procedures

were performed under general anesthesia.

Patients fasted for at least 8 h before the procedure for

preparation to general anesthesia. The coagulation
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parameters (CBC, PT, INR) of the enrollees were reviewed

before the procedure. Any coagulopathy (INR[ 1.5, pla-

telet count\ 50,000/mm3) was corrected before proce-

dure. All procedures were performed in the interventional

radiology suite under US and fluoroscopic guidances.

Techniques

PAIR technique [19]: The cysts were punctured by an 18G

Seldinger needle under sonographic guidance. Approxi-

mately, 20% of the estimated volume of the cyst was

aspirated before contrast agent (Ultravist 300/100 mg/ml;

Bayer Schering Pharma, Berlin, Germany) was injected

through needle under fluoroscopy to detect any potential

communication with the biliary system or the peritoneum.

Although in case of communication with biliary tree,

scolicidal or sclerosing agents were not injected as they

may gave rise to severe sclerosing cholangitis. In these

patients, we inserted a catheter (Flexima APDL Boston

Scientific, USA) into the cavity for gravity drainage

(Fig. 1). When the daily drainage dropped down to less

than 10 cc, sclerosis by ethanol (96%) was done under

fluoroscopic guidance. If the daily drainage was more than

10 cc, the catheter was left in place until the drainage

stopped. After sclerosis with ethanol, the catheter was

withdrawn.

If the cyst had no communication with biliary tree

confirmed after cystography, the remaining fluid content

was aspirated by keeping the tip of the needle within the

cavity. At next step hypertonic saline (20–30% in con-

centration) up to 35–50% of the original cyst volume then

was injected. When the separation of the membrane from

pericyst occurred (generally happens around 10 min after

the injection) the cavity content was re-aspirated through

the needle. Finally sclerosis (35–50% of the estimated

volume) was done with ethanol (96%) which stayed within

the cyst cavity for 5 min. After re-aspiration of previously

injected alcohol the needle was withdrawn and the proce-

dure was terminated.

Catheterization technique [1]: After preprocedural

preparation similar to PAIR technique, the cyst was

punctured with an 18G Seldinger needle under sonographic

guidance and a cystogram was obtained as described as

above in the PAIR technique. In the absence of any com-

munication between the cyst and the biliary system/peri-

toneum, the remaining cyst content was aspirated through

the needle. Subsequently, hypertonic saline was injected

and again we waited for sonographic detachment of the

membranes. After the membrane detachment, a 0.035 inch

Amplatz guidewire was advanced into cavity, over which

an 8F drainage catheter (Flexima APDL Boston Scientific,

USA) was advanced. After securing and fixing the catheter,

we left it for free gravity drainage. When the daily drainage

dropped less than 10 cc, we sclerosed the cavity with

ethanol (96%) under fluoroscopic guidance. After sclerosis

with ethanol, the catheter was withdrawn.

Follow-Up

All patients were monitored after their procedures in the

recovery area and then were transferred to their inpatient

floors.

Patients are followed up by US every 3 months in their

first year, every 6 months in their second year, and annu-

ally thereafter. The primary modality that we use in the

follow-up was US [1]. In addition to routine US follow-up,

CT studies were also acquired, when US studies were

deemed to be suboptimal for optimal evaluation, in 6 cases

(five scans in the PAIR group and one scan in the

catheterization group).

Definitions and Statistics

Technical success was defined as completion of all steps

for PAIR procedure and appropriate placement of the

drainage catheter for catheterization technique. Complica-

tions were divided into two groups as minor and major

based on the CIRSE classification of complications [20].

The healing criteria were reduction in size and volume

of cyst, thickening and irregularity of cyst wall, gradual

decrease of fluid content and finally solidification of the

cyst cavity (pseudotumor appearance). The detection of

Table 1 Preprocedural details

of the patients and cysts
WHO cyst type Pair Catheterization p value

CE1 20 (59%) 10 (53%) 0.66

CE3a 14 (41%) 9 (47%)

Average cyst volume before treatment Range:16–1406 ml

(Median:110.5 ml)

Range:36–1516 ml

(Median:191 ml)

0.062

Median (range) age of patients 13 (5–72) years 11 (5–57) years 0.62

Average number of cysts per patient 1.62 ± 1.56 1.12 ± 0.33 0.35

Cysts in right liver lobe 30/34 (88.2%) 17/19 (89.4%) [ 0.05

WHO = World Health Organization, CE cystic echinococcosis
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daughter vesicles or double-layered wall sign during fol-

low-up, was considered as indicators of recurrence. Cyst

volumes were calculated by using 3 orthogonal dimensions

measured from two-dimensional US images (X 9 Y 9

Z 9 0.523). Patients who received albendazole were also

checked for possible side effects.

Patient characteristics (age, gender), cyst characteristics

(single or multiple cysts, volume, CE type), duration of

follow-up and length of hospital stay, complications and

recurrence rates were statistically analyzed for both groups.

For statistical comparisons between two groups, Mann

Whitney U, t and chi-square tests were used. For categor-

ical variables frequencies and percentages; for quantitative

variables mean, median, standard deviation, minimum and

maximum values were used. Statistical analysis was con-

ducted by SPSS 20.0 for Windows (IBM SPSS Statistics,

Chicago, IL) and p\ 0.05 was considered as statistically

significant.

Results

Forty patients (29 females) with 56 liver CE1and CE3a

cysts were enrolled into this study. Two patients with 3

cysts from the PAIR arm had to be switched to catheteri-

zation arm due to the following two reasons; (1) failure of

aspiration of the cystic content due to needle tip occlusion

with hydatid membranes seen in 1 cyst, (2) communication

of the hydatid cyst with biliary tree revealed on cystogram

seen in two cysts. For these reasons, the treatment approach

had to be changed to catheterization from PAIR in order to

complete the treatment. Therefore, the technical success

rates were 91.9% and 100% for PAIR and catheterization

arms, respectively.

Twenty-one patients (16 Female) with 34 cysts with a

median cyst volume of 110.5 (16–1406) ml were included

in PAIR group, whereas 17 patients (11 Female) with 19

cysts with a median cyst volume of 191 (36–1516) ml were

included into the catheterization group. In catheterization

group, 15 patients had one liver CE cyst; two patients had

two liver CE cysts. In PAIR group 15 patients had one liver

CE cyst, 4 patients had 2 liver CE cysts, one patient had 3

liver CE cysts and one patient had 8 liver CE cysts. Three

of 21 patients in PAIR group and 1 of 17 patients in

catheterization group had previous liver surgery due to CE.

The most common presenting symptom was right upper

quadrant pain (15.78%). The majority of the patients were

asymptomatic (n = 28 patients, 73.68%) at the time of the

initial diagnosis. In asymptomatic patients hydatid cysts

were detected during ultrasound examination due to vari-

ous clinical indication including (1) elevated liver enzymes

(n = 10), (2) follow-up scan for liver steatosis (n = 13), (3)

follow-up scan for renal cysts (n = 5). Four patients

(10.52%) had abdominal discomfort, fever and nausea

which prompted the diagnosis.

The complications encountered in the study groups are

summarized in Table 2. In the PAIR group we saw one

patient whose cyst cavity had a bacterial superinfection

after treatment and finally presented liver abscess at the

previously treated cyst cavity. In the catheterization group

abscess formation was detected in 2 cysts, cysto-biliary

Fig. 1 A 38-year-old woman was referred to ultrasound for right

upper quadrant pain. A CE3a cyst was found in the liver and

percutaneous treatment was scheduled. A Cystogram obtained

following drainage catheter (arrowhead) insertion revealed biliary

communication (arrows). The drainage catheter was kept in the cavity

without hypertonic saline injection. On the 7th day after the procedure

daily drainage decreased to 20 mL. No further intervention was

required for the cysto-biliary fistula. On the 10th day there was no

drainage from the cavity. Hypertonic saline injection and sclerosis by

ethanol were performed and the catheter was withdrawn. B US

obtained after 5 years demonstrated degenerated hydatid cyst cavity

(arrows) with no sign of recurrence
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fistula (CBF) in 1 cyst and both CBF and abscess in 3 cysts.

Two out of 3 cysts with CBF and abscess formation were

treated with prolonged stay of the drainage catheter within

the cyst cavity and intravenous antibiotic therapy. The third

cyst, with CBF and abscess combined, was treated by

endoscopic papillotomy with prolonged stay of the catheter

within the cavity (intravenous antibiotic therapy was also

implemented in this patient). Two abscesses without CBF

were treated by keeping the catheter in place for a pro-

longed period of time and appropriate intravenous antibi-

otic therapy. In one cyst with CBF, catheter dislodgment

occurred during follow-up (when the daily drain output was

around 20 cc). This patient was put on conservative follow-

up without any intervention. Recurrence was detected in

this patient on 5-month follow-up and a second interven-

tion was needed for treatment. No other recurrent case was

observed in both groups on follow-up imaging. The rate of

major complications was statistically significant

(p = 0.002) between these two groups (Table 2), whereas

the rate of minor complications was statistically insignifi-

cant (Table 2). Also there was no statistically significant

difference between the groups in terms of pain and fever

(48% vs 48%).

The follow-up period was again statistically insignifi-

cant between PAIR group (range 12–188 months, mean =

78.1 months) and the catheterization group (range

6–164 months, mean = 71 months) (p[ 0.05). On follow-

up the liver cysts showed 78.5% and 86.8% volume

decrease in PAIR and catheterization groups, respectively

(p\ 0.05). The median length of hospital stay was sig-

nificantly shorter in PAIR group (range 1–15 days,

median = 1 day) as compared to catheterization group

(range 1–52 days, median = 4 days) (p = 0.015). At the

time of discharge from the hospital all patients were

catheter free.

Discussion

This is a prospective randomized study with the aim of

comparing the success rates of PAIR and catheterization

techniques in the percutaneous treatment of liver CE 1 and

3a hydatid cysts. We also aimed for comparing the com-

plication rates, the duration of hospital stays and recurrence

rates of these two different techniques. Based on our results

it appears like the PAIR technique is associated with less

major complication rate, shorter duration of hospital stay

and lower recurrence rate over catheterization technique.

However, two patients with 3 CE cysts were excluded from

the PAIR group because of the above-mentioned reasons.

Therefore, technical success rates were 91.9% and 100%

for PAIR and catheterization groups, respectively, as these

two patients with 3 CE cysts had to be treated by

catheterization technique.

Some authors have previously advocated that catheter-

ization technique should be the ideal approach for the

percutaneous treatment of liver CE1 and 3a cysts which are

larger than 6 cm (estimated volume[ 100 ml), while

PAIR technique may be reserved for the cysts which have

less than 6 cm [5, 7, 21]. CE cysts larger than 6 cm were

considered to have faster involution of the cavity by uti-

lizing the catheterization technique [5]. Sclerotherapy with

Table 2 Complications

experienced in study group
Pair

Cysts (n:34)

Catheterization

Cysts (n:19)

p value

Major complications

Abscess

Cysto-biliary Fistula(CBF)

Abscess ? CBF

Recurrence

1 cyst (2.94%)

0

0

0

2 cysts (10.52%)

1 cysts (5.26%)

3 cysts (15.78%)

1 cyst (5.26%)

Total (%) 1 (2.94%) 7 (36.84%) p = 0.002

Patients (n:21) Patients (n:17)

Minor complications

Pain

Fever

Tachycardia

Catheter dislodgement

Angioneurotic edema

4 (19%)

6 (29%)

0

0

2 (10%)

4 (24%)

4 (24%)

0

2 (12%)

0

Total (%) 12 (58%) 10 (60%) [ 0.05

PAIR puncture, aspiration of the cyst contents, Injection of hypertonic saline and Reaspiration
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ethanol for faster and more efficient involution of the CE

cavity may be considered as the percutaneous treatment

counterpart of surgical cavity management techniques like

omentopexy [5]. Only PAIR with no subsequent scle-

rotherapy has also been considered optimal approach for

CE1 and CE3a liver cyst [12, 22, 23].

We did not encounter any of the previously reported

important major complications such as anaphylactic shock,

parasite seeding elsewhere in the abdominal cavity or

patient death related to percutaneous approach in our study.

However, the rates of major complications were 2.94% in

PAIR group and 36.84% in catheterization group

(p = 0.002). There was no statistically significant differ-

ence between 2 groups in terms of pain and fever (48% vs

48%). The frequency of minor complications in our study

was in compliance with the results that were previously

reported in the literature [24].

There are two retrospective series of giant CE1 and

CE3a cysts (at least one size is larger than 10 cm) treated

with catheterization technique in the literature [25, 26]. In

both series, the rate of major complications such as abscess

formation and cysto-biliary fistula were around 30%.

Although catheterization technique is proposed as the ideal

approach for the percutaneous treatment of giant hydatid

cysts, we considered that a prospective randomize study

would be relevant to compare the results of two different

approaches for the treatment of giant hydatid cysts.

Percutaneous treatment of liver CE1 and CE3a with both

PAIR and catheterization techniques was shown to be very

effective and safe when compared to the results of medical

treatment and surgery [5, 6, 8, 24]. Based on these

advantages percutaneous treatment approach has mostly

taken over the role of surgery in these patients and became

the treatment of choice in CE types [8, 22]. Percutaneous

treatment is associated with lower mortality and morbidity

rates as well as lower recurrence rates and shorter hospital

stays. It is also a less invasive and more cost efficient

option to treat multiple liver cysts as well as splenic and

other intraabdominal CE cysts as compared to surgical

approach [5, 14, 27–30].

Our study has several limitations. One limitation is the

relatively small size of each group. As we could not reach

the ideal number of patients (which was considered to be

25 patients in each group) this should be mentioned as

another limitation of our study.

In conclusion, we think that PAIR technique may be

preferable to catheterization technique whenever percuta-

neous treatment is considered for liver CE1 and CE3a

cysts, due to its statistically significant lower rate of major

complications, lower recurrence rate and shorter duration

of hospital-stays. Catheterization technique may be more

optimal in the presence of cysto-biliary fistulas that were

detected during the PAIR procedure. In case of any

technical difficulty detected during PAIR approach it may

wise to switch to the catheterization technique in order to

successfully conclude the procedure.
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