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ABSTRACT
Background: The development of gallstones, also known as cholelithiasis, is one of the 
most common diseases associated with the gastrointestinal tract. In developing coun-
tries 10% to 15% of men and >25% of women experience gallstones. Objective: The aim 
of the study was to evaluate the outcomes following percutaneous transhepatic chole-
cystolithotomy by holmium laser in non–high-risk patients with symptomatic gallbladder 
stones. Methods: This was an intervention study without control and with longitudinal fol-
low-up. Subjects included patients who had only gallbladder stones, a normal gallbladder 
contractility index, and required a conservative treatment. Results: The study included 44 
patients (20 men, 24 women), with a mean age of 41.5 ± 13.4 years. The success rate 
was 97.7%, and only 1 of 44 patients required follow-up laparoscopic cholecystectomy. 
Gallstones were successfully removed from 43 of 44 patients (97.7%). The complication 
rate was 13.6% (6/44 patients), and only minor complications were reported for 5 of the 6 
patients with complications. In 34 of 43 patients, follow-up examinations were performed 
after 1 and 6 months. The gallstone recurrence rate at six-month follow-up was 11.8%, and 
a collapsed gallbladder was detected in 1 of 34 patients, with the remaining 33 patients 
retaining normal gallbladder contractility indices (>40%). Conclusion: Percutaneous tran-
shepatic cholecystolithotomy by holmium laser has a high gallstone removal rate (97.7%); 
however, recurrence remains a major problem. The complication rate was about 13.6%, 
most of which were minor complications. Cases associated with treatment failure or seri-
ous complications should be detected and treated promptly.
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1. BACKGROUNd
The development of gallstones, also known as cholelithiasis, is one of the 

most common diseases associated with the gastrointestinal tract. In develop-
ing countries, 10% to 15% of men and >25% of women experience gallstones 
(1, 2). In Vietnam, gallstones occur in approximately 2.14% to 6.11% of the 
population (3).

In most individuals, gallstones are asymptomatic, and treatment is only 
required clinical symptoms develop, including right upper abdominal pain, 
digestive disorders, and cholecystitis (fever, right upper abdominal pain, and 
a palpable, enlarged gallbladder) (4). Currently, a common treatment for gall-
stones is endoscopic cholecystectomy; however, recently, the function of the 
gallbladder has been questioned by many studies. Although the gallbladder 
does not produce bile, it appears to play important roles in digestion, main-
taining the balance of gut flora, and regulating bile duct pressure (by storing 
and concentrating bile) (5). The performance of cholecystectomy can alter 
the physiology and composition of the bile duct, causing digestive disorders 
and increasing the risk of gastrointestinal cancer (6, 7). Therefore, patients 
with mild symptoms due to gallstones typically choose non-invasive treat-
ments, such as orally administered drugs designed to dissolve gallstones or 
cholecystolithotomy; however, these treatments have been associated with 
low efficacy and high recurrence rates (6). Transhepatic cholecystolithotomy 
is a minimally invasive technique that has been reported to result in higher ef-
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ficacy and fewer complications. According to a study by 
Zou et al., the success rate of this technique was 90% in 
439 patients (7). Another study by Kim et al. performed 
percutaneous cholecystolithotomy in 63 patients, with a 
high technical success rate (94%) but a higher mortality 
rate (8). In Vietnam, percutaneous cholecystolithotomy 
has been performed at Hanoi Medical University Hos-
pital since August 2018; however, only a case series was 
reported. Therefore, we conducted this study to assess 
the initial outcomes associated with this technique.

2. OBJECTIVE
The aim of this study was to evaluate the outcomes 

following percutaneous transhepatic cholecystolithot-
omy by holmium laser in non–high-risk patients with 
symptomatic gallbladder stones.

3. PATIENTS ANd METHOdS
Patients
This retrospective study was approved by the ethical 

committee of Hanoi Medical University Hospital. Due 
to the retrospective nature of this study, the requirement 
for obtaining written informed consent from patients 
was waived. From August 2018 to June 2020, percuta-
neous cholecystolithotomy was performed on 44 pa-
tients (20 men and 24 women) with a mean age of 41.5 
± 13.4 years. All treated patients reported symptoms 
of stomachache, with no reported incidents of fever or 
jaundice. Patients were considered candidates for chole-
cystolithotomy if they had symptomatic gallstones with 
a gallbladder contractility index >40% and without evi-
dence of acute cholecystitis, any abnormalities in gall-
bladder morphology or pathology, liver abnormalities, 
or dyslipidemia.

Methodology
Intervention process
Percutaneous transhepatic cholecystolithotomy by 

holmium laser was performed in either one or two 
3-step phases, and the entire procedure was performed 
with local anesthesia and moderate sedation.

Step 1: Percutaneous cholecystostomy (under the 
guidance of ultrasound or digital subtraction angiog-
raphy [DSA]): Using the Seldinger technique, a 6–9F 
catheter was placed into the gallbladder lumen, and a 
contrast material was injected to assess the sizes and lo-
cations of the gallstones and the condition of the com-
mon bile duct.

Step 2: Tract dilation and cholecystolithotomy (un-
der the guidance of DSA, either immediately following 
Step 1 [one-phase] or 3–5 days after Step 1 [two-phase]): 
We performed coaxial dilatation with a 14F Amplatz di-
lator set (Cook Medical, Bloomington, IN), and the en-
doscope used for cholecystoscopy is 9.5F in diameter. 
The holmium laser was used to fragment the stones into 
sufficiently small pieces for removal through the sheath. 
If the stone is smaller than the cholecystolithotomy por-
tal, it can be collected by using a stone basket to grasp 
and extract the stones through the sheath without re-
quiring holmium laser applications.

Step 2 is repeated until no stones remain.

Step 3: Amplatz and catheter removal: The Amplatz 
dilator was removed 2–3 days after the intervention, and 
the catheter was removed 7–10 days after the interven-
tion. Prior to catheter removal, we routinely inject con-
trast material into the cholecystostomy tract to confirm 
tract integrity.

Follow – up process
Gallstone recurrence and gallbladder contractility in-

dex were evaluated by follow-up ultrasonography in 1 
month and 6 months.

Statistical analysis
Descriptive statistics were used to summaries patient 

characteristic. Gallbladder contraction index was calcu-
lated as the percentage change in volume at each period 
using the fasting volume as baseline volume. Compar-
isons of the characteristics of two group (one - phase 
and two - phase) were performed using the independent 
t-test or Chi-square test utilized where appropriate. Two 
-sided values of P<0.05 were considered statistically sig-
nificant. Statistical analysis was performed using IBM 
SPSS version 16.0 software.

4. RESULTS
The current retrospective study included 44 patients 

(20 men, 24 women) with a mean age of 41.5 ± 13.4 
years. Basic features of population were introduced in 
Table 1. Gallstones were successfully removed from 43 
out of 44 patients (97.7%), with one patient retaining 
a gallstone after the procedure. The complication rate 
was 13.6% (6/44 patients), and complications included 
severe bleeding (1 patient, 2.3%), minor bleeding (1 pa-
tient, 2.3%), bile leakage (3 patients, 6.7%), and pleural 
effusion (1 patient, 2.3%). No significant difference in the 
complication rates was observed between the one-phase 
(22 patients) and two-phase (22 patients) intervention 
groups. Laparoscopic cholecystectomy was performed 
in 1 out of 44 patients due to severe bleeding complica-
tions. No significant difference in mean hospitalization 
duration was observed for the one-phase intervention 
group (8.7 ± 7.9 days) and the two-phase intervention 
group (9.8 ± 5.0 days).

Among the 42 successful cases, 34 patients received 
follow-up ultrasounds 1 and 6 months after the inter-
vention to evaluate recurrence and measure the gall-

Characterization Patient (n) Percentage (%)

Gallstone number
1
2
>2

20
3
21

45.4%
6.8%
47.8

Size (mm)
Mean
Maximal
Minimal

13 ± 6.5
31
5

 

Tract maturation time (day) 3.9 ± 1.8
Stone removal method
Stone basket
Laser + stone basket

3
41

6.8
93.2

Table 1. Characterization of patients and interventions.
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bladder contractility index. A 4-mm stone was retained 
in one patient.

After a follow-up period of 1 month, only one patient 
experienced a completely collapsed gallbladder, whereas 
the remaining patients were assessed as having normal 
gallbladder contractility indices (Figure 1), with no evi-
dence of gallstone recurrence in any patient (Figures 2 
and 3).

After a follow-up period of 6 months, 4 of 34 patients 
(11.7%) developed recurrent gallstones, including 3 
patients with 4–5-mm stones. Th e patient who experi-
enced complete gallbladder collapse developed several 
recurrent gallstones.

5. dISCUSSION
Right upper abdominal pain is the most common clin-

ical symptom associated with gallstones and was report-
ed for all of the patients included in this study. Of 44 
patients, 20 had a single stone (45.4%), 3 had two stones 
(6.8%), and 21 had multiple stones (47.8%). Th e mean 
stone diameter was 13 ± 6.5 mm. Several studies from 
around the world have reported similar results as those 
found in our study, with a mean gallstone diameter of 
14.4 mm (Ohasi et al.) (9) and 65.4% of patients present-
ing with more than 2 stones (Zou et al.) (7). Percutane-
ous transhepatic cholecystolithotomy could be indicat-
ed for patients who have large and multiple gallstones. 
Th e number of stones and their sizes have major impacts 
on treatment outcomes, including the necessary tech-
niques to achieve complete stone clearance and stone 
removal. For example, stones that are smaller than the 
cholecystolithotomy portal can be collected by using a 
stone basket to grasp and extract the stones through the 
sheath without requiring holmium laser applications to 
reduce their sizes.

A gallbladder contractility index greater than 40% is 
considered indicative of the continued ability of the gall-
bladder to store and excrete bile. According to Zou et 
al., the recurrence rate after 10 years for patients with 
contractile index values <40% and those with values 
≥40% are 77.42% and 27.30%, respectively, represent-
ing a signifi cant diff erence (p < 0.001) (7). According to 
Colak et al., patients with gallbladder contractility index 
values below 40% had a higher probability of gallstone 
recurrence (10). Th erefore, one of the selection criteria 

figure 1. Gallbladder contractility indices pre-intervention and 
1- and 6-months post-intervention

figure 2. A 30-year-old woman with multiple gallstones (arrow) 
and a pre-intervention contractility index of 66%: A. fasting 
gallbladder volume. B. Postprandial gallbladder volume.

figure 3. Representative images from a 40-year-old woman A. 
dSA-guided percutaneous cholecystostomy revealing multiple 
gallstones inside the gallbladder (arrow). B. Endoscope view. 
C. The removed gallstones. d. Post-cholecystolithotomy 
examination revealed that the gallstones were completely 
removed,	and	the	gallbladder	was	empty.
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applied in this study was a pre-intervention contractility 
index higher than 40% to ensure the safety of percuta-
neous cholecystolithotomy and to minimize the recur-
rence rate after treatment.

The technical success rate of one-phase percutaneous 
cholecystolithotomy was 97.7%, which was similar to 
the rate reported by Picus et al. (97%) (11), but higher 
than those reported by Kim et al. (94%) (8) and Donald 
et al. (88.5%) (12).

The procedure-related complication rate among all 44 
patients was 13.6%, and common complications includ-
ed bleeding, bile leakage, bile peritonitis, and infection. 
Less common complications included pleural effusion 
and pancreatitis. The cholecystostomy approach, the 
cholecystolithotomy sheath size, and the time required 
for tract maturation might also be associated with com-
plications. A transhepatic approach into the gallbladder 
is considered more stable and likely to reduce bile leak-
age into the peritoneum compared with a transperito-
neal approach (13); therefore, all of the patients in our 
study were accessed using the transhepatic path. We 
performed coaxial dilatation with a 14F Amplatz di-
lator set (Cook Medical, Bloomington, IN), which has 
the minimum diameter necessary to insert a 9.5F endo-
scope. Among patients treated with the two-phase in-
tervention, the mean time for tract maturation was 3.9 
± 1.8 days. Studies that applied dilation greater than 16F 
required maturation times of 10–14 days to minimize 
the risks of hemorrhage and bile leakage. The reported 
complication rate was 9.1%, which was lower than the 
complication rate observed in our study (14). To reduce 
the time required for the intervention process, we per-
formed the intervention in one phase, without waiting 
for tract maturation, similar to the approach described 
by Kim et al., except that their study used a smaller dila-
tion diameter of 12F. The selection criteria for one-phase 
and two-phase interventions remain controversial. No 
significant differences in the complication rate and 
mean hospitalization duration was observed between 
the two groups in our study. Kim et al. suggested that no 
bleeding or bile leakage complications were experienced 
due to the use of a small sheath (12F). The primary dis-
advantages of using a smaller sheath without an endo-
scope included the difficulty of fragmenting large and 
hard gallstones into pieces small enough to pass through 
the sheath and the possibility of missing smaller stones. 
Consequently, 13 of 63 patients in the study by Kim et al. 
required multiple sessions to remove all stones (8).

Recurrent gallstones development is the main com-
plication and must be closely monitored. Several major 
risk factors contribute to gallstone recurrence, including 
age, sex, family history, diet, endocrine function, meta-
bolic disorders, and the characteristics of the gallstones 
(size, number, and composition). The recurrence rate 
after 6 months in our study has higher than that report-
ed by Zou et al., which was 9.57% in a sample of 439 
patients. Zou et al. reported that gallstone recurrence 
is most likely to occur 5 or 6 years after treatment (7). 
Therefore, patients require long-term follow-up to as-
sess the recurrence rate and associated factors.

This study may be associated with some limitations. 
First, the sample size was quite small. Second, gallstone 
recurrence was not evaluated over a long-term fol-
low-up. Third, we did not establish detailed selection 
criteria for patients who received one-phase and two-
phase interventions, which generally depended on the 
patient’s age and physical condition, and the interven-
tion was determined at the discretion of the interven-
tional radiologists.

6. CONCLUSION
Percutaneous transhepatic cholecystolithotomy by 

holmium laser is a safe treatment for patients with symp-
tomatic gallstones who require intervention, associated 
with a high clearance rate without requiring the use of 
general anesthesia. Common complications included 
bleeding and bile leakage, which must be detected and 
treated in a timely manner.
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