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The frequency of bile duct stones in patients with 
symptomatic gallstone disease varies widely and 
reaches 5 — 33 %, according to age [13, 26, 33]. In 
85 — 90 % of cases, choledocholithiasis is successful-
ly treated with endoscopic papillosphincterotomy 
(EPST) and lithoextraction, which are currently 
the standard treatment for this pathology [12, 26, 

32 — 34]. However, in 10 — 15 % of cases, choledo-
cholithiasis is considered endoscopically difficult, 
and other technologies and equipment are needed 
to solve this problem [12, 14, 32 — 34]. Laparoscopic 
choledocholithoextraction combined with choledo-
choscopy is a promising direction for the treatment 
of difficult choledocholithiasis [2, 4, 18, 23, 33].

The management of difficult choledocholithiasis, which accounts for 10 — 15 % of all cases of bile duct stones, 
has not yet been definitively defined. One of the treatment options for difficult choledocholithiasis is laparo-
scopic choledocholithoextraction combined with choledochoscopy.

OBJECTIVE — to evaluate the experience of a single centre in the treatment of difficult choledocholithiasis using 
laparoscopic choledocholithoextraction and choledochoscopy.

MATERIALS AND METHODS. A total of 47 patients, including 16 (34 %) men and 31 (66 %) women with difficult 
choledocholithiasis, were enrolled in the study and received treatment at our centre. All patients were operated 
on using laparoscopic choledocholithoextraction combined with choledochoscopy. Thereafter, the results of 
treatment were analysed for the cohort of patients. In the study, we identified the causes of difficult choledocho-
lithiasis and evaluated the achievement of complete bile duct clearance, the surgery duration, total and postop-
erative bed days, complications, and mortality.

RESULTS. All patients underwent laparoscopic choledocholithoextraction combined with choledochoscopy. The 
causes of difficult choledocholithiasis were as follows: characteristics of bile duct stones — 27 (57.4 %), altered 
anatomy of the organs of the hepatopancreatobiliary zone — 11 (23.6 %), specific location of bile duct stones — 
9 (19.1 %). After laparoscopic choledocholitoextraction combined with choledochoscopy, complete bile duct 
clearance was achieved in 95.7 % of cases. The average duration of the operation was 130.0 ± 14.7 min. The length 
of hospital stay after surgery was, on average, 14.3 ± 1.7 days. 4 (8.5 %) patients had complications correspond-
ing to classes II (2 (4.2 %)) and III (2 (4.2 %)) according to the standardized Clavien-Dindo classification (2009).

CONCLUSIONS. Laparoscopic choledocholithoextraction combined with choledochoscopy can be used as one of 
the technologies for the treatment of difficult choledocholithiasis.
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To date, there is no single consensus on the defi-
nition of difficult choledocholithiasis, and there are 
no standards for the treatment of this pathology [2, 
7, 13, 26].

OBJECTIVE — to evaluate the experience of a sin-
gle centre in the treatment of difficult choledocho-
lithiasis using laparoscopic choledocholithoextrac-
tion and choledochoscopy.

Materials and methods
The study was performed at the Department of Sur-
gery No 2 of the Communal non-profit enterprise 
«Kyiv City Clinical Hospital of Emergency Medi-
cal Care», specializing in the treatment of diseases 
of the hepatopancreatobiliary zone, which is the 
clinical base of the Department of Surgery with 
a Course in Emergency and Vascular Surgery at 
O. O. Bogomolets National Medical University. 
A total of 47 patients, including 16 (34 %) men and 
31 (66 %) women with difficult choledocholithiasis, 
were enrolled in the study and received treatment at 
our centre. Thereafter, the results of treatment were 
analysed for the cohort of patients. The average age 
of patients was 60.3 ± 1.9 years (men — 57.8 ± 1.9 
years; women — 62.2 ± 1.9 years). The study partici-
pants fell between the ages of 32 and 82. All patients 
underwent laparoscopic choledocholithoextraction 
combined with choledochoscopy.

Difficult choledocholithiasis was assigned based 
on the presence of severity factors complicating 
endoscopic retrieval of common bile duct stones 
(Table 1).

The diagnosis of difficult choledocholithiasis 
was established using ultrasound of the abdominal 
cavity, duodenoscopy, and endoscopic retrograde 

cholangiopancreatography. Computerized tomog-
raphy with contrast and magnetic resonance chol-
angiopancreatography were additionally used in 
2 (4.3 %) and 1 (2.1 %) patients, respectively, because 
ultrasound sometimes failed to provide adequate vi-
sualization of the common bile duct and biliary tree. 
The risks of choledocholithiasis were determined 
according to the criteria of the American Society of 
Gastrointestinal Endoscopy ( Table 2) [20].

We collected and analysed the following data: 
demographic indicators, the achievement of com-
plete bile duct clearance, recurrent choledocholi-
thiasis within a year, the presence and severity of 
cholangitis according to the severity grading of 
cholangitis (Tokyo Guidelines 2013) (Table 3, 4), 
jaundice (serum bilirubin rises to 2 to 2.5 mg/dL) 
[14], the diameter of the common bile duct, num-
ber of bed days before and after surgery, and total 
bed days, the patients’ physical status according 
to the ASA classification, and previous surgical 
interventions. Postoperative complications were 

Table 2. Predictors of choledocholithiasis [20]

Predictors Description

Very 
strong

Common bile duct stone on ultrasound
Clinical manifestations of cholangitis 
Elevated total bilirubin level > 4 mg/dL

Strong
Dilated common bile duct on ultrasound (> 6 mm) 
Elevated total bilirubin level (1.8 — 4.0 mg/dL)

Moderate
Elevated LFTs (ALT, AST) 
Age > 55 years 
Clinical manifestations of biliary pancreatitis

Table 1. Criteria for difficult choledocholithiasis [26]

Category Condition Basis

Characteristics 
of bile duct stones

Large stone (> 15 mm)
Multiple choledocholithiasis (> 3 stones, size > 10 mm)
Atypical form of bile duct stones (barrel-shaped)

Indication for lithotripsy 
Impossibility of stone extraction with 
the Dormia basket

Location 
of bile duct stones

Intrahepatic ducts
Bile duct stones above the stricture of the duct
Mirizzi syndrome

Difficulty in reaching bile duct stones

Altered anatomy

Stenosis of the esophagus, stomach, or duodenum
Condition after gastrectomy and Billroth II gastric resection
Parapapillary diverticulum
Vitreous edema of the duodenum

Difficulty in reaching the major 
duodenal papilla

Patient condition Various terminal states
Significant coagulation disorders

High risk of fatal complications
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determined according to the standardized Clavien-
Dindo classification (2009) [9].

Patients underwent laboratory tests (complete 
blood count, blood biochemistry, urinalysis, analysis 
of arterial blood gases and electrolytes) and instru-
mental tests (ECG, X-ray of the chest and abdomi-
nal cavity, ultrasound examination of the abdominal 
cavity and retroperitoneum, EFGDS).

Methodology of laparoscopic 
choledocholithoextraction 
and choledochoscopy
Laparoscopic choledochoscopy was performed using 
Olympus CHF-V choledochofibroscopes (Japan) 
with a diameter of 5 mm.

The surgical procedure was conducted under 
general anesthesia. A standard 4-port technique 

used for laparoscopic cholecystectomy was admin-
istered, and a separate port was placed in the pro-
jection of the common bile duct for subsequent cho-
ledochoscopy. The central part of the common bile 
duct was isolated, and the cystic artery was ligated. 
A clip was applied to the proximal part of d. cysti-
cus. The gallbladder was left and used for traction 
during manipulations on the common bile duct. An 
incision of 15 to 40 mm was made in the central part 
of the common bile duct, depending on the situa-
tion, after which choledocholithoextraction was 
performed using the Dormia basket (Fig. 1A).

The bile ducts were washed with a 0.9 % sodium 
chloride solution heated to 37 °C, which helped 
wash out small stones from the common bile duct. 
With the help of choledochoscopy, all reachable 
segments of the bile ducts were visualized, includ-
ing the ampulla of Vater (the major duodenal pa-
pilla). When calculi were detected, choledocho-
lithoextraction was performed using the Dormia 

Table 3. Severity grading of cholangitis [4]

Grading 
of acute 
cholangitis

Description

Grade I 
(mild) 

Grade I cholangitis does not meet the 
criteria of grade III or grade II acute 
cholangitis at initial diagnosis

Grade II 
(moderate) 

Abnormal white blood cells count 
( 12,000 mm3,  4,000 mm3)
High fever ( 39 °C)
Age ( 75 years old)
Hyperbilirubinemia 
(total bilirubin  5 mg/dL)
Hypoalbuminemia (standard deviation 0.7)

Grade III 
(severe) 

Grade III (severe) acute cholangitis 
is defined as acute cholangitis that is 
associated with the onset of dysfunction in 
at least one of any of the organs/systems 
from Table 4

Table 4. Dysfunction of organs/systems associated 
with grade III acute cholangitis

Disfunctions Parameters

Cardiovascular Hypotension required dopamine  5 μg/kg 
per min or any dose of epinephrine

Neurological Disturbance of consciousness

Respiratory PaO2/FiO2  300

Renal Oliguria, serum creatinine  2,0 mg/dL

Hepatic International normalized ratio  1,5

Hematological Platelet count  100,000 mm3

Figure 1. Choledocholitotomy combined 
with choledocholithoextraction (A) 
and choledochoscopy guided 
choledocholithoextraction (B)

А

B
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baskets through the working channel of the cho-
ledochofibroscope (Fig. 1B).

After choledocholitoextraction, choledochos-
copy was performed for direct visualization of the 
biliary tract through an incision (Fig. 2). Thereaf-
ter, the incision into the bile duct was closed with 
knotted sutures (absorbable monofilament 4/0). 
Drainage of the bile ducts was required in cases of 
incomplete removal of bile duct stones or purulent 
cholangitis. In the presence of a gallbladder, a cho-
lecystectomy was carried out.

Descriptive statistics are used in the re-
search. The data are presented as the arithme-
tic mean ± standard error of the arithmetic mean 
(M ± m). A comparison of the mean values of two 
variables was performed using the Mann-Whitney 
U-test. Calculations were performed using the 
IBM SPSS Statistics 22.0 program.

Results and discussion
6 (12.8 %) patients were hospitalized within the 
first 24 hours, whereas 41 (87.2 %) patients were 
admitted after 24 hours from the time of pain onset.

The main indicators allowing classify choledo-
cholithiasis as complex were as follows: charac-
teristics of bile stones — 27 (57.4 %); altered anat-
omy of the organs of the hepatopancreatobiliary 
zone — 11 (23.6 %); location of the stones in the bile 
ducts — 9 (19.1 %) (Table 5).

In 14 (29.8 %) patients, concomitant pathology 
of the stomach and duodenum was detected, in par-
ticular, parapapillary diverticulum — in 8 (17 %), 
gastric ulcer — in 2 (4.3 %), duodenal ulcer — in 
1 (2.1 %), and papillitis — in 3 (6.4 %). 14 (29.8 %) 
patients had acute pancreatitis of various degrees of 
severity, and 35 (63.8 %) had cholangitis.

A total of 6 (12.8 %) patients underwent opera-
tions on the organs of the upper abdominal cavity 
in the past. The preoperative physical status of pa-
tients was assessed according to the ASA PS classi-
fication (the American Society of Anesthesiologists 
Physical Status Classification System) and graded 
as ASA I in 6 (12.6 %), ASA II in 27 (57.4 %), and 
ASA III in 14 (30.0 %).

In 40 (85.1 %) patients with jaundice, the level 
of total bilirubin ranged from 32.3 to 253.4 mol/L 
(from 1.9 to 14.8 mg/dL), with an average of 
89.6 ± 9.2 mol/L (5.2 ± 0.54 mg/dL).

The bile duct stones were found in the terminal 
part of the bile ducts in 23 (48.9 %) cases and in the 
distal part in 14 (29.8 %) cases (Table 6).

Figure 2. Choledochoscopy: A — distal part 
of the bile duct after choledocholithoextraction; 
B — intrahepatic bile ducts after 
choledocholithoextraction

А

B

Table 5. Cases of complex choledocholithiasis (n = 47)

Indicator of complex choledocholithiasis Number 
of cases

Characteristic of bile stones 27 (57.4 %)

Large stone (> 15 mm) 10 (21.2 %)

Multiple choledocholithiasis 
(> 3 stones, size > 10 mm) 16 (34.0 %)

Atypical form of bile duct stones 
(barrel-shaped) 1 (2.1 %)

Altered anatomy of the organs of the 
hepatopancreatobiliary zone 11 (23.6 %)

Condition after Billroth II gastric resection 4 (8.5 %)

Parapapillary diverticulum 7 (14.8 %)

Location of the stones 9 (19.1 %)

Intrahepatic ducts 5 (10.6 %)

Mirizzi syndrome 4 (8.5 %)
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On average, during laparoscopic choledocho-
lithoextraction combined with choledochoscopy, 
4.4 ± 0.5 bile duct stones (from 1 to 24) were re-
moved, while according to ultrasound, the average 
number of stones was 1.7 ± 0.2 (from 1 to 4). Ad-
ditionally, the diameter of the common bile duct 
(intraoperatively) ranged from 7 to 24 mm, with an 
average of 12.4 ± 0.7 mm, which corresponded to ul-
trasound data in 86 % of cases.

The average values of the maximum size of bile 
duct stones according to ultrasound data were small-
er than the actual values: 6.7 ± 0.5 mm (3 — 25 mm) 
versus 8.9 ± 0.7 mm (4 — 25 mm), (p < 0.05).

External drainage of the common bile duct was 
performed in 5 (10.6 %) patients due to incomplete 
removal of bile duct stones in 2 (4.3 %) and the 
presence of purulent cholangitis and biliary micro-
choledocholithiasis in 3 (6.2 %).

The operative intervention lasted an average of 
130.0 ± 14.7 min (85 — 180 min).

Complete bile duct clearance was achieved in 
95.7 % of cases.

A total of 4 (8.5 %) patients had grade II 
(2 (4.2 %)) and III (2 (4.2 %)) complications ac-
cording to the standardized Clavien-Dindo clas-
sification (2009) and leakage of bile through the 
wound drainage collector (2 (4.2 %)).

After laparoscopic cholelithoextraction com-
bined with choledochoscopy, 2 (4.3 %) patients 
needed endoscopic papillosphincterotomy (EPST), 
lithoextraction, and endobiliary stenting due to un-
successful retrieval of difficult bile duct stones.

Conversion was performed in 1 (2.1 %) case due 
to suspicion of neoplasia of the common bile duct.

The average bed-day before surgery was 7.2 ± 2.8 
days (from 1 day to 35 days), the postoperative bed-
day was 14.3 ± 1.7 days, and the total bed-day was 
21 ± 1.9 days. Summarized data on treatment re-
sults are given in Table 7.

Discussion
Endoscopic and laparoscopic methods are used in 
the treatment of patients with difficult choledocho-
lithiasis [1, 12, 21, 23, 26, 33, 34].

Both methods, including one-stage laparoscopic 
choledocholithoextraction combined with cho-
ledochoscopy and two-stage EPST with lithoex-
traction and prelaparoscopic or postlaparoscopic 
cholecystectomy, are effective in the treatment of 
difficult choledocholithiasis [12, 23, 26, 33, 34]. In 
modern hepatobiliary surgery, preference is given to 
two-stage treatment of patients (endoscopic papil-
losphincterotomy combined with lithoextraction) 
[12, 26, 32]. This is probably due to the almost 50-
year experience of the use of EPST and lithoextrac-
tion. In 1974, K. Kawai et al. [18] and M. Classen 
et al. [8] first implemented and described this tech-
nique.

In the case of transpapillary interventions, fail-
ures and complications are possible, the frequency 
of which increases in the case of complex choledo-
cholithiasis [3, 32]. There is also a growing need to 
use additional methods of endoscopic lithoextrac-
tion, which increases the duration and cost of the 
operation and, depending on the chosen lithoex-
traction method, is accompanied by certain com-
plications in 3.6 — 9.0 % of cases [3, 32]. Failures in 

Table 6. Location of bile duct stones 
in the bile duct (n = 47)

Location (a segment of the bile duct) Number of cases

Terminal 23 (48.9 %)

Distal 14 (29.8 %)

Central 4 (8.5 %)

Proximal 4 (8.5 %)

Intrahepatic 2 (4.2 %)

Table 7. Results of laparoscopic 
choledocholithoextraction and choledochoscopy 
for difficult choledocholithiasis

Parameter Value

Surgery duration, min 130.0 ± 14.7 
(85 — 180)

Diameter of the common bile duct, mm 12.4 ± 0.7 (7 — 24)

Size of extracted bile duct stones, mm 6.7 ± 0.5 (3 — 25)

Number of extracted bile duct stones 4.4 ± 0.5  (1 — 24)

External drainage of the common bile duct 5 (10.6 %)

Grade II complications* 2 (4.2 %)

Grade III complications* 2 (4.2 %)

Conversions 1 (2.1 %)

Number of bed-days before surgery 7.2 ± 2.8 (1 — 35)

Number of bed-days after surgery 14.3 ± 1.7 (7 — 22)

Total number of bed-days 21.0 ± 1.9 (7 — 62)

Note. Quantitative data are presented as mean and average 
deviation and  range (M ± m (min—max)), categorial data 
are presented as a number of cases and percentage. 

* Complications according to the standardized Clavien-Dindo 
classification [9].
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endoscopic lithoextraction can occur during cho-
ledochal cannulation (parapapillary diverticulum, 
internal papillary diverticulum, inability to differ-
entiate the major duodenal papilla) [3, 32] or litho-
extraction [6, 34], mainly in the case of difficult 
choledocholithiasis.

According to the literature, the frequency of com-
plications arising from transpapillary interventions 
is 5 — 18 %. Among them, the most common are acute 
pancreatitis, perforation of the duodenum, bleeding, 
and cholangitis [4, 14]. After EPST, complications 
were recorded in 9.4 — 11.1 % of cases [13, 20, 29].

If endoscopic lithoextraction methods are ineffec-
tive, laparoscopic or open choledocholithoextraction 
combined with choledochoscopy can be the method 
of choice [4, 13, 28]. This technique has been used 
since the mid-1990s, initially for diagnostic purposes 
and later to extract bile duct stones [19].

With the development of laparoscopic surgery 
and instrumentation, laparoscopic choledocho-
lithoextraction combined with choledochoscopy is 
becoming a safer and more effective method in the 
treatment of choledocholithiasis and can be used 
primarily in cases of difficult choledocholithiasis as 
well as when transpapillary interventions are inef-
fective for certain reasons [2, 15, 25]. Laparoscopic 
choledocholithoextraction combined with choledo-
choscopy as a one-stage procedure does not require 
a delayed cholecystectomy. In combination, they 
reduce the need for repeated transpapillary inter-
ventions, provide direct visualization of the biliary 
system, and preserve the function of the ampulla of 
Vater, which prevents the occurrence of duodeno-
biliary reflux and reflux cholangitis and maintains 
the autonomy of the hepatopancreatobiliary zone. 
In some studies, the frequency of complications 
ranges from 7 % to 12.5 % [15, 17, 20, 28] which is 
consistent with our data.

In our study, bile leakage from the common bile 
duct sutures was the main complication. It was re-
ported in 4.2 % of cases. This indicator was lower 
than those described by other authors (9.5 % [17], 
4.35 % [15], and 7.2 % [28]).

After choledocholithoextraction combined with 
choledochoscopy, complete bile duct stone clear-
ance was observed in 95.7 % of cases, compared to 
82 — 100 % in other studies [11, 18, 34].

According to our data, there were no recurrences 
of choledocholithiasis after laparoscopic choledo-
cholithoextraction combined with choledochos-
copy during 1 year of observation, while according 
to other authors, they were recorded in 1.3 — 4.3 % 
of cases [7, 15, 20, 28].

In our study, no choledochal strictures or fa-
tal consequences were reported after a year of 

observation. This is consistent with the data of 
other authors [11, 14, 34].

The average postoperative bed-day in our study 
was slightly longer 14.3 ± 1.7 days than reported by 
other authors (9.2 ± 2.5 days [15], 9.0 ± 3.6 [29], and 
12.7 ± 1.8 [21]), which can be explained by different 
criteria for discharge of patients from the hospital.

The duration of surgical intervention as reported 
in the literature varies significantly: 133.2 min [15], 
231.4 min [13], and 120 min [29]. These differences 
can be attributed to the variety of causes and severity 
of difficult choledocholithiasis in individual samples. 
In our study, the average duration of the operation 
was 130 ± 14.7 min (depending on the pathological 
changes caused by the disease, from 85 to 180 min).

The findings of our study show that the technique 
of laparoscopic choledocholithoextraction combined 
with choledochoscopy in cases of difficult choledo-
cholithiasis is effective and safe. It allows for visual-
ization of the extrahepatic bile ducts and controlled 
retrieval of all stones and is a one-stage surgical treat-
ment that ensures the integrity of the ampulla of 
Vater and the absence of postoperative complications 
typical of transpapillary interventions. The benefits of 
this technique attest to the expediency of its use.

Conclusions
Laparoscopic choledocholithoextraction combined 
with choledochoscopy can be used as one of the 
technologies for the treatment of difficult choledo-
cholithiasis. It is a one-stage surgical procedure 
that ensures the absence of complications typical of 
transpapillary interventions.

The unicentricity of our study is its limitation.
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Результати лікування складного холедохолітіазу 
за допомогою лапароскопічної холедохолітоекстракції 
та холедохоскопії. Досвід одного центру 
Я. М. Сусак, М. В. Максименко, Л. Ю. Маркулан, 
Р. В. Гонза, І. І. Тюлюкін, В. В. Волковецький

Нацiональний медичний унiверситет iмені О. О. Богомольця, Київ

Менеджмент складного холедохолітіазу (СХ), частота якого становить 10 — 15 % серед хворих із конкре-
ментами жовчних проток, остаточно не визначений. Одним із можливих способів лікування СХ є лапа-
роскопічна холедохолітоекстракція з холедохоскопією.

Мета — оцінити досвід одного центру в лікуванні складного холедохолітіазу за допомогою лапароско-
пічної холедохолітоекстракції та холедохоскопії.

Матеріали та методи. Проаналізовано результати лікування у 2018 — 2022 рр. 47 пацієнтів (16 (34 %) 
чоловіків та 31 (66 %) жінка) із СХ. Всіх пацієнтів оперовано методом лапароскопічної холедохоліто-
екстракції та холедохоскопії. Оцінювали причини СХ, відсоток повного очищення жовчних проток від 
конкрементів, тривалість оперативного лікування, загальний та післяопераційний ліжко-день, усклад-
нення і летальність.

Результати. Лапароскопічна холедохолітоекстракція з холедохоскопією виконана всім хворим. При-
чиною СХ були: особливості конкрементів — 27 (57,4 %), змінена анатомія органів гепатопанкреатобі-
ліарної зони — 11 (23,6 %), особливості розташування конкремента у жовчних протоках — 9 (19,1 %). 
Після лапароскопічної холедохолітоекстракції з холедохоскопією конкременти у жовчних шляхах були 
відсутні у 95,7 % випадків. Середня тривалість операції — (130,0 ± 14,7) хв. Тривалість перебування в стаці-
онарі після операції становила у середньому (14,3 ± 1,7) дня. У 4 (8,5 %) хворих виникли ускладнення, які 
відповідають ІІ (2 (4,2 %)) та ІІІ (2 (4,2 %)) класам за P. Clavien та D. Dindo (2009).

Висновки. Лапароскопічна холедохолітоекстракція з холедохоскопією може бути застосована як одна 
із технологій лікування складного холедохолітіазу.

Ключові слова: складний холедохолітіаз, лапароскопічна холедохолітоекстракція, лапароскопічна 
холедохоскопія.
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