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Abstract
Objectives  The common practice is to remove symptomatic common bile duct (CBD) stones in patients. This study aimed 
to investigate the factors affecting the percutaneous transhepatic removal of CBD stones.
Methods  We retrospectively analyzed the data of 100 patients (66 men and 34 women; age: 25–105 years, mean 79.1 years) 
with symptomatic CBD stones who underwent percutaneous transhepatic stone removal (PTSR) from January 2010 through 
October 2019. After balloon dilation of the ampulla of Vater or bilioenteric anastomosis, the stones were pushed out of the 
CBD into the small bowel with a balloon catheter. If failed, basket lithotripsy was performed. Technical success was defined 
as complete clearance of the bile ducts on a cholangiogram.
Results  The technical success rate was 83%, and achieved 90.2% in patients with altered gastroduodenal/pancreatobiliary 
anatomy. Multivariable analysis revealed that CBD diameter (odds ratio [OR]: 506.460, p = 0.015), failed ERCP (OR: 16.509, 
p = 0.004), Tokyo guidelines TG18/TG13 severity (grade III; OR: 60.467, p = 0.006), and left-sided transhepatic approach 
(OR: 21.621, p = 0.012) were risk factors for technical failure. The appropriate cutoff CBD size was 15.5 mm (area under 
the curve: 0.91). CBD stone size, radiopacity of stones, and CBD angle between retroduodenal and pancreatic portion did 
not influence technical success.
Conclusions  PTSR is effective for CBD stone removal in older adults and individuals with altered gastrointestinal tract 
anatomy. The aforementioned risk factors for technical failure should be considered in preoperative evaluation before PTSR 
to improve the success rate.
Key Points 
• PTSR is effective in symptomatic CBD stone management among older adults and individuals with altered anatomy.  
   Investigating clinical /anatomic factors can guide radiologists toward a more comprehensive preoperative evaluation to  
   maximize the success rate.
• Our data indicate that dilated CBD (diameter ≥ 15.5 mm) and left-sided PTBDs reduce the technical success rate by 506- 
   fold and 22-fold, respectively.
• Clinical factors such as previous failed ERCP for stone removal and higher severity of acute cholangitis lessen the  
   technical success rate.
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Abbreviations
aCBD	� CBD angulation between retroduodenal 

and pancreatic portion
ALKP	� Alkaline phosphatase
AUC​	� Area under the curve
CBD	� Common bile duct
CI	� Confidence interval
CRP	� C-reactive protein
CT	� Computed tomography
ERCP	� Endoscopic retrograde 

cholangiopancreatography
ESCP	� Endosonography-guided 

cholangiopancreatography
ESWL	� Extracorporeal shock-wave lithotripsy
fERCP	� Previous ERCP failure for stone removal
HU	� Hounsfield unit
IHD	� Intrahepatic bile duct
MRCP	� Magnetic resonance 

cholangiopancreatography
OR	� Odds ratio
PAD	� Periampullary diverticulum
PTBD	� Percutaneous transhepatic biliary drainage
PTSR	� Percutaneous transhepatic biliary stone 

removal
T.bil	� Total bilirubin
TG18/TG 13	� Tokyo guideline 2018/2013 for acute chol-

angitis severity

Introduction

Cholelithiasis or gallstones is a common disease affecting 
up to 20% of the population [1]. Among them, 15% have 
stones in the common bile duct (CBD) or choledocholithia-
sis. Approximately 50% of patients with CBD stones remain 
asymptomatic; however, 2% of patients with CBD stones 
exhibit elevated liver function tests, cholangitis, dilated 
CBD, jaundice, pancreatitis, or even death. The manage-
ment of CBD stone extraction is crucial for symptom relief 
and infection control.

Endoscopic retrograde cholangiopancreatography 
(ERCP) with limited sphincterotomy and balloon and/or 
basket catheters is the mainstay for CBD stone extraction 
nowadays [2]. Additional techniques including endoscopic 
papillary large-balloon dilation, mechanical lithotripsy, 
cholangioscopy-assisted electrohydraulic/laser litho-
tripsy (Spyglass), or extracorporeal shock-wave lithotripsy 
(ESWL) may be required when dealing with difficult biliary 
stones [2–4]. The recent introduction of deep enteroscopy-
assisted ERCP [5–7], endosonography-guided cholangio-
pancreatography (ESCP) [8, 9], and laparoscopy-assisted 
ERCP [10–12] are aimed to improve the success in patients 
with surgically altered gastroduodenal or pancreatobiliary 

anatomy. Laparoscopic bile duct exploration (transcystic or 
transcholedochal) [13–16] or laparotomy with CBD explora-
tion [14] are considered when less invasive techniques fail 
or are unavailable.

Percutaneous transhepatic biliary stone removal (PTSR) 
could be an effective alternate for CBD stone extraction. 
Perez et al. [17] and Clouse [18, 19] first reported PTSR 
with a Dormia basket. In 1981, Centola et al. introduced 
balloon dilatation of the sphincter of Oddi to allow biliary 
stone passage [20]. In a retrospective Turkish study involv-
ing 261 patients, percutaneous transhepatic papillary balloon 
dilation (PTPBD) demonstrated a success rate of 97.5% (242 
of 248) [21]. A 2021 multicenter prospective cohort study 
from China compared PTPBD with ERCP for CBD stone 
removal and reported similar success rates (99% vs. 98%) 
but lower complication rate for PTPBD (4% vs. 8%) [22]. 
Other techniques for PTSR management include percutane-
ous transhepatic cholangioscopic lithotripsy [23–26], per-
cutaneous transcholecystic removal of CBD stones [27], or 
percutaneous transhepatic cholangioscope combined with 
intracorporeal electrohydraulic lithotripsy, laser lithotripsy, 
ESWL, and electromagnetic lithotripsy for fragmentation of 
the large stones [23–25, 28–32].

The success rate of endoscopic CBD stone extraction 
decreases with an increase in stone size [33] and remains 
challenging in patients with surgically altered anatomy; 
however, to date, no study has explored the factors affect-
ing technical success in PTSR. Therefore, we conducted a 
retrospective study to evaluate the contributing factors in a 
successful percutaneous transhepatic CBD stone removal.

Materials and methods

Patients

In our institute, patients with symptomatic CBD stones 
are initially referred to gastroenterologists for ERCP. If the 
patients have altered gastroduodenal or pancreatobiliary 
anatomy, PTSR, deep-enteroscopy-assisted ERCP, or ESCP 
were provided as alternative treatment, and only patients 
who received PTSR were enrolled. Suppose the patients 
are not suitable for ERCP because of uncooperativeness, 
multiple comorbidities, advanced age, low cardiopulmonary 
reserve (as indicated by endotracheal intubation or tracheos-
tomy), or who experienced ERCP failure (fERCP). In that 
case, PTSR is in preference over laparoscopic CBD explo-
ration. Symptomatic CBD stones were diagnosed based on 
clinical evidence and imaging studies, including abdominal 
ultrasound (US), computed tomography (CT), or magnetic 
resonance cholangiopancreatography (MRCP).

The data of all patients with symptomatic CBD stones 
who underwent PTSR between January 1, 2010, and October 
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31, 2019, were retrospectively collected from our elec-
tronic medical records and reviewed. The inclusion criteria 
included patients with symptomatic CBD stones who had 
PTSR regardless of native or altered gastroduodenal/pancre-
atobiliary anatomy. Suspected but CT-nondetectable stones 
were defined as follows: recent abdominal pain and leuko-
cytosis or abnormal blood biochemistry findings, includ-
ing total bilirubin (T.bil), alkaline phosphatase (ALKP), 
and C-reactive protein (CRP) levels, and were confirmed 
by US or MRCP. Patients with uncorrectable coagulopathy 
(INR > 1.5 and platelet < 80 × 109/L), unsafe access, lack 
of evidence for CBD stones, malignant pancreatic biliary 
or ampullary disorders, primary sclerosing cholangitis, or 
choledochal cysts or those with incomplete medical and 
imaging records were excluded from the study.

Written informed consent was obtained from all patients 
before the procedure. This study was approved by the Insti-
tutional Review Board.

Data collection

Before the procedure, all patients’ medical data (including 
age, sex, past gastroduodenal or pancreatobiliary opera-
tive history, reasons for failed endoscopic stone extraction, 
complete blood count, and biochemical data); indications 
for percutaneous transhepatic biliary drainage (PTBD); 
acute cholangitis severity according to the Tokyo guide-
lines 2018/2013 (TG18/TG13) [34]; radiological findings 
including the size, numbers, and radiopacity of the stones; 
CBD diameter of the largest portion (CBD size); and angle 
between retroduodenal portion and pancreatic portion CBD 
(aCBD) were recorded (Fig. 1) [35]. aCBD was measured 

using coronal images of CT or MRCP. Periprocedural data 
included the side of the transhepatic approach of PTBD 
(right-sided or left-sided), the device of the procedure (bal-
loon or basket), and total sessions of stone removal. Postpro-
cedural hospitalization time, complications, mortality, and 
conversion treatment were also obtained.

Technique

All patients received a prophylactic broad-spectrum antibiotic 
immediately before the procedure and continued as long as 
the external catheter was in place. Two experienced interven-
tional radiologists (H.-S.T, and C.-A.L.) performed PTSR by 
balloon sphincteroplasty flushing technique or basket grasp. 
The anatomy of the intrahepatic bile duct (IHD) was evalu-
ated to select the best duct for catheterization. All patients 
were monitored continuously during the procedure. PTBD 
was established with a 22-gauge Chiba needle, a Neff mini-
access set (Cook Medical), a 9-Fr dilator, and a 8.3-French 
polyethylene ring-type catheter (Cook Medical) for catheteri-
zation. Most patients (n = 82) had external drainage first for 
2–3 days to decompress the biliary tree, and the remaining 
18 patients underwent PTBD and PTSR in the same session. 
PTSR was performed under intravenous sedation. Narcotic 
analgesics were administered intravenously. When the ring 
catheter was removed, an 8–9-French-long (25 cm) vascular 
introducer sheath (Radifocus, Terumo Medical) was advanced 
into the common hepatic duct. Through the vascular sheath, 
the guidewire was passed through the ampulla of Vater or 
bilioenteric anastomosis into the duodenum or jejunum. The 
ampulla of Vater was dilated with a Gruentzig-type balloon 
catheter (diameter: 8–12 mm; length: 20–40 mm; Wanda or 

Fig. 1   Measurement of CBD angulation (aCBD) a This was 
a 48-year-old man who experienced failed ERCP due to stone 
impaction. Pre-operative MR with single-shot fast spin echo 
sequence showed the aCBD was 143.8 degrees. b This 85-year-
old man had a history of gastric cancer post radical total gastrec-

tomy and radial total gastrectomy. His aCBD was 94.3 degrees 
measured on contrast-enhanced CT scan. c aCBD was defined as 
the angle between retroduodenal portion and pancreatic portion 
CBD, based on the coronal image (Credits: Skandalakis et  al., 
1983 [35])
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Mustang or XXL, Boston Scientific; Advance, Cook Medi-
cal) for approximately 60–90 s until the waist disappeared; 
this was repeated twice. After sphincter or anastomosis dila-
tation, the stones were pushed out into the duodenum with a 
Gruentzig-type balloon catheter or an embolectomy balloon 
catheter (Fogarty Thru-lumen, Edwards Lifesciences; Python, 
Applied Medical) (Fig. 2a–d). This procedure was repeated 
until complete clearance was visualized on a cholangiogram. 
In case of CBD stone impaction, the stones were grasped and 
crushed with a basket and lithotripsy instrument (Olympus 
stone extraction basket, 4-wire) (Fig. 2e–f). After the end of 
the procedure, the introducer sheath was removed and bleed-
ing was checked. A 6–8-French Pigtail drainage catheter was 
positioned in the CBD for 2–5 days. The residual stone may 
be obscured by blood clots or air bubbles on cholangiogram 
right after the stone removal so another cholangiogram was 
obtained through the external biliary drainage catheter 2 days 
after the procedure to verify the absence of residual stones. If 
there was free flow of contrast material into the duodenum and 
no evidence of biliary stones, the drainage catheter was with-
drawn. If residual stones were present, PTSR was repeated.

Definition of outcome

Technical success was defined as no filling defect in the 
CBD on cholangiography. Clinical success was defined as 
improvement in sepsis (e.g., fever, chills, and leukocytosis) or 
a decrease in the serum bilirubin level of more than 20% from 

the baseline after 5–7 days of PTSR. Postprocedural compli-
cations were categorized according to the Society of Inter-
ventional Radiology classification system [36]. Minor com-
plications were defined as transient cholangitis, pancreatitis, 
fever, chillness, or percutaneous hematoma at the puncture site. 
Postprocedural bleeding was defined as hematemesis, melena, 
pulsatile fresh blood out of the incision site when changing the 
PTBD catheter, or a > 2-g/dL decrease in hemoglobin level 
after the procedure. Cholangitis was defined as new-onset fever 
(38 °C) for more than 24 h or cholestasis [19, 37]. Pancrea-
titis was defined by the 2012 revised Atlanta classification as 
abdominal pain consistent with acute pancreatitis and serum 
amylase/lipase greater than 3 times of normal limit [38]. Mor-
tality was regarded as any event 30 days after the procedure.

Statistics

All statistical analyses were conducted using IBM 
SPSS 25.0 for iOS. Quantitative data are reported as 
mean ± standard deviation or median and range. Qualita-
tive data are reported as proportions and percentages. Cat-
egorical variables were analyzed using the chi-square test 
or Fisher’s exact test. Univariate and multivariable analy-
ses for risk factors for technical failure were included in 
a multiple logistic regression model, the results of which 
were presented as odds ratio (OR) and 95% confidence 
interval (CI). All the tests were two-sided, and p < 0.05 
was considered statistically significant.

Fig. 2   Percutaneous transhe-
patic biliary stone removal 
(PTSR): balloon sphinc-
teroplasty flushing technique or 
basket grasp and crush for CBD 
stone removal. This was an 
85-year-old man with multiple 
CBD stones who has had radical 
subtotal gastrectomy and Roux-
en-Y gastric bypass for gastric 
cancer. a After contrast injec-
tion via a 9-Fr sheath, multiple 
filling defects were identified in 
the CBD, compatible with CBD 
stones. b The Ampulla of Vater 
was dilated with a Gruentzig-
type balloon catheter. c–d The 
stones were pushed into the 
duodenum with a Gruentzig-
type balloon catheter. e Since 
incomplete clearance of the 
cholangiogram, a retraction 
basket was introduced to grasp 
and crush stones. f After basket 
lithotripsy, flushing technique 
was repeated. Finally, no filling 
defect was noted in the cholan-
giography



6876	 European Radiology (2023) 33:6872–6882

1 3

Results

Table 1 summarizes the patients’ baseline clinicodemo-
graphic characteristics. One hundred patients (66 men and 
34 women; age range, 25–105 years; mean age, 79.1 years) 
were recruited. Fifty-one patients (51%) had a history 
of altered gastroduodenal or pancreatobiliary anatomy, 

including Billroth II or Roux-en-Y gastric bypass (n = 49), 
Whipple’s procedure (n = 1), and esophagectomy and gastric 
tube reconstruction (n = 1). Forty-eight out of 51 patients 
with surgically altered anatomy received PTSR as initial 
treatment for stone removal. Twenty-seven patients (27%) 
had ERCP failure and were referred for PTSR. The main 
recorded reasons for fERCP included large periampullary 

Table 1   Baseline clinicodemographic characteristics of the 100 patients

* TG18/TG13: 2018/2013 revised Tokyo guideline for acute cholangitis; T.bil total bilirubin, ALKP alkaline phosphatase, WBC white blood 
count, CRP C-reactive protein, CBD common bile duct, PTBD percutaneous transhepatic biliary drainage, PTSR percutaneous transhepatic bil-
iary stone removal, SD standard deviation, HU Housefield unit

Patient characteristics N %

Number of patients 100
Age—mean ± SD (range) in years 79.07 ± 12.76 (25–105)
Gender, M:F—number (%) 66:34 66:34
Altered gastroduodenal or pancreatobiliary anatomy 51 51
Whipple operation 1 1
Billroth-II gastrectomy or Roux-en-Y 49 49
Esophagectomy and gastric tube reconstruction 1 1
Failed ERCP
[reported reasons] 27
periampullary diverticulum: 8 (29.6%),

distal CBD narrowing or stricture: 6 (22.2%) duodenal bulb deformity:  
3 (11.1%); others are listed in Figure S1.]

Mean ± SD (range) Reference value
Severity of acute cholangitis (TG18/TG13* grade I:II:III) (n, %) 49:41:10 (49%:41%:10%)
Pre-procedural serum T.bil level (mg/dL) 4.16 ± 3.73 (0.16–16.27)  ≤ 0.3
Pre-procedural serum ALKP (U/L) 278.6 ± 262.4 (49–2026) 40–129
Pre-procedural blood WBC (/ul) 11,353 ± 6102 (2370–32,800) 4500–11,000
Pre-procedural blood platelet count (*103/µL) 198.9 ± 75.75 (7.5–398) 150–350
Pre-procedural INR 1.11 ± 0.21 (0.86–2.78) 0.85–1.15
Pre-procedural CRP (mg/dL) 6.61 ± 6.08 (0.05–30.0)  < 0.5
Pre-procedural shock status (Y:N) (n, %) 85:15 (85%:15%)
Largest impacted CBD stone size (mm) 12.8 ± 5.42 (3–32)
Largest CBD diameter (mm) 15.2 ± 4.93 (5–33)
Numbers of stones—piece(s), pc(s) 1 pc (n = 36), 2–5 pcs (n = 51), > 6 pcs (n = 13)
Radiopacity of CBD stones (HU)
(exclusion of patients without CT image) 88.69 ± 69.16 (34–532) > 150 HU: n = 6 150 ≥ HU > 80: n = 34

HU ≤ 80: n = 43
non-radiopaque: n = 12

Angle between retroduodenal and pancreatic portion CBD (aCBD) 121.8° ± 19.2° (90.6°–180.0°)
Transhepatic approach of PTBD Right-sided: n = 82
Left-sided: n = 18
Total session(s) of stone removal 1 time (n = 84),
2 times (n = 15),
3 times (n = 1)
First PTBD to discharge (days) 20.7 ± 13.1 (3–73)
PTSR to discharge (days) 14.3 ± 11.2 (1–54)
Interval between first PTBD and PTSR (days) 6.4 ± 10.1 (0–69)
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diverticulum (PAD) (n = 8), distal CBD narrowing or stric-
ture (n = 6), duodenal bulb deformity (n = 3), and others 
are listed in the Supplementary Figure S1. Twenty-five 
patients (25%) initially underwent PTSR rather than ERCP 
because of patient uncooperativeness, multiple comorbidi-
ties, advanced age, low cardiopulmonary reserve (as indi-
cated by endotracheal intubation or tracheostomy), or critical 
medical conditions such as septic shock. The majority was 
concluded into mild (grade I, 49%) and moderate (grade II, 
41%) severity in TG18/TG13; while ten patients (10%) into 
grade III with severe grading.

The mean size of the largest impacted stone 
was 12.8 ± 5.42  mm, and the mean CBD size was 
15.2 ± 4.93 mm. Most patients had approximately 2–5 pieces 
of stones, which were detected on CT scan. The attenuation 
patterns of CBD stones on CT were classified as follows: 
heavily calcified (mean Hounsfield unit > 150), radiopaque 
(mean Hounsfield unit: 81–150), less radiopaque (mean 
Hounsfield unit ≤ 80), and undetectable (gas in or around the 
stones) [39]. In all, 77% of the cases exhibited radiopaque to 
less radiopaque stones. A mean aCBD was 121.8° ± 19.2°. 
Most patients (82%) underwent right-sided biliary drainage. 
Furthermore, 84% of patients required only one session of 
PTSR for complete stone clearance, whereas 15% and 1% of 
patients required two and three sessions, respectively.

The technical and clinical results of the procedure are 
summarized in Table 2. The overall technical success rate 
was 83%; the clinical success rate was higher at 93%, sug-
gesting symptomatic relief after PTBD/PTSR even with 
small retained stones or sludge in the CBD. In the subgroup 
analysis, the fERCP group had a significantly lower techni-
cal success rate in PTSR than patients who received PTSR as 
the first-line treatment (66.7% vs. 89.0%, p = 0.008). Patients 
with altered gastrointestinal tract anatomy had significantly 
higher clinical success rate than those with normal gastro-
intestinal tract anatomy (98% vs. 87.8%, p = 0.044), and the 
technical success rate was almost significantly higher in 
altered anatomy group (p = 0.051).

Table 3 lists the procedure-associated complications. 
Eight patients (10%) had minor complications. To note that 
two patients enduring mild elevated serum amylase/lipase 
after PTSR were not met the criteria of Atlanta classifica-
tion for acute pancreatitis. Six (6%) had major complications 

involving subcapsular biloma requiring drainage (n = 1), 
hemorrhage requiring embolization (n = 4), and choletho-
rax (n = 1). The reasons for embolization included active 
bleeding from the PTBD tract (n = 2), pseudoaneurysm 
formation at the right hepatic artery (n = 1), and duodenal 
bleeding from a branch of the gastroduodenal artery (n = 1). 
No procedure-related mortality was noted. However, four 
patients had persistent septic shock and intractable chol-
estasis even after PTSR. Technical failure occurred in 17 
(17%) patients due to stone impaction (n = 7) or incomplete 
clearance (n = 10). Of them, 13 (13%) underwent conver-
sion treatment: 7 underwent choledochoscope through the 
PTBD tract, but 3 of 7 eventually found no residual stones 
in choledochoscope; 2 underwent choledochoscope for IHD 
stones; 3 underwent ERCP for stone impaction; only one 
patient underwent choledocholithotomy and open cholecys-
tectomy surgery.

Blood biochemistry panels were evaluated before PTBD 
or PTSR (Table 1) and followed up 6.2 ± 4.5 days (range: 
1–24) after PTSR. Compared with before, PTBD/PTSR, 
T.bil, ALKP, and CRP levels significantly decreased after 
PTBD/PTSR (all p < 0.05; Fig. 3).

Table 4 displays the univariate and multivariable analyses 
conducted to identify the predictors of technical failure. The 
appropriate cutoff for CBD size was 15.5 mm (AUC: 0.91) 
and that for CBD stone size was 13.5 mm (AUC: 0.73). 
Because of small AUCs, the cutoff value of CBD stone 
attenuation was defined according to the literature [39]; 
the mean of aCBD and of the interval between PTBD and 
PTSR were determined as a cutoff point. The significant 
risk factors for technical failure in univariate analysis were 
male sex (p = 0.022), TG18/TG13 grade III (p = 0.008), 
fERCP (p = 0.011), CBD stone size > 13.5 mm (p = 0.006), 
CBD size > 15.5  mm (p = 0.002), and left-sided PTBD 
(p = 0.002). No significant difference was noted in technical 
success due to altered gastroduodenal or pancreatobiliary 
anatomy, stone attenuation, or aCBD. Multivariable analy-
sis revealed that the fERCP group (p = 0.004, OR: 16.509, 
95% CI: 2.471–110.288), CBD size > 15.5 mm (p = 0.015, 
OR: 506.460, 95% CI: 3.369–76,140.166), left-sided 
PTBD (p = 0.012, OR: 21.621, 95% CI: 1.962–238.226), 
and TG18/TG13 grade III (p = 0.006, OR: 60.467, 95% CI: 
3.339–1095.164) were independent risk factors for technical 

Table 2   Successful rate of 
PTSR to achieve complete stone 
clearance in different patient 
groups

1 Chi-square test for difference between the two groups. p < 0.05 was considered statistically significant (*)

Technical success p-value1 Clinical success p-value1

Overall (numbers of patients) 83.0% (83/100) 93.0% (93/100)
With ERCP failure (27) 66.7% (18/27) *0.008 92.6% (25/27)   0.924
W/o ERCP failure (73) 89.0% (65/73) 93.2% (68/73)
With altered anatomy (51) 90.2% (46/51)   0.051 98.0% (50/51) *0.044
W/o altered anatomy (49) 75.5% (37/49) 87.8% (43/49)
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Table 3   Outcome of PTSR and 
conversion treatment

PTCS percutaneous transhepatic cholangioscopy, ERCP endoscopic retrograde cholangiopancreatography, 
PTBD percutaneous transhepatic biliary drainage, CBD common bile duct, IHD intrahepatic bile duct, 
UNL upper normal limit

Parameters Numbers of patients

I Minor complications n = 10 (10%)
1. Cholangitis
2. Percutaneous hematoma at puncture site
3. Elevated amylase/lipase (< 3 times of UNL)

n = 6
n = 2
n = 2

Major complications n = 6 (6%)
1. Subcapsular biloma requiring drainage
2. Hemorrhage requiring embolization
3. Cholethorax after removal of PTBD

n = 1
n = 4
n = 1

II Procedural related mortality n = 0 (0%)
Non-procedural related mortality n = 4 (4%)
1. Persistent septic shock and intractable cholestasis n = 4

III Conversion treatment n = 13 (13%)
1. PTCS for CBD stones n = 7

*(3 PTCS found no 
residual stones)

2. PTCS for IHD stones n = 2
3. Surgery (open cholecystectomy, choledocholithotomy) n = 1
4. ERCP n = 3

Fig. 3   Comparison of mean T.bilirubin, ALKP, WBC, and CRP before, and at an average of 6 days after PTSR. p values of chi-square test are 
presented in the plot
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failure. We obtained a reasonable predictive accuracy in our 
multivariable model with a C-statistic of 0.913; therefore, 
when faced with a case with symptomatic CBD stones, the 
model would correctly assign the case as being at higher risk 
or benefit 91% of the time after stone removal.

Discussion

Bile duct stones account for 15% of patients with gallstones. 
Since the introduction of ERCP in 1974 [40], ERCP has 
become the preferred method for the treatment of CBD 
stones [2]. Its complication rates are 5–18% [41–43], and 
immediate complications include pancreatitis, hemorrhage, 
biliary sepsis, and perforation [44, 45]. Nevertheless, the 
scope of ERCP is limited in patients with surgically altered 
gastroduodenal or pancreatobiliary anatomy, biliary duct 
stricture, or juxtapapillary diverticulum [5, 8, 46]. Recent 
advanced approaches allow higher success in patients with 
surgically altered anatomy, though disadvantage exists: deep 
enteroscopy-assisted ERCP has adverse event of 0–12.5% 
[5–7]; ESCP has complication rate of 22% including bile 
leakage and pneumoperitoneum in transmural approach and 
12–17% in rendezvous approach [8, 9]; and laparoscopy-
assisted ERCP has risk for bowel injury in transgastric 
access [10–12, 47]. Due to limited availability of acces-
sories/instruments and additional cost not covered by our 
countries’ health insurance, however, PTSR can be an effec-
tive alternate for treatment. However, little information is 
available on the clinical or anatomic factors affecting the 
technical outcomes of transhepatic CBD stone extraction.

PTSR has a high success rate of 97.5–99% [21, 22]. The 
lower technical success rate in our study may be caused by 
older population than those of other studies by 13–15 years 
(mean age: 79 vs. 64 years) [21, 22]. The elderly are prone 
to higher TG18/TG13 grading for multi-organ dysfunction 
or morbilities.

Several studies have analyzed the factors affecting CBD 
stone removal through ERCP, such as CBD stone size, PAD, 
and distal CBD angle [33, 48, 49]. Lauri et al. reported that 
the success rate of endoscopic extraction decreased with 
an increase in stone size (successful clearance: median 
stone size of 10 mm; unsuccessful clearance: median stone 
size of ≥ 18 mm) [33]. In our study, large CBD stone size 
(> 13.5 mm) and CBD size (> 15.5 mm) were significant 
factors affecting technical failure in univariate analysis. In 
the multivariable analysis, only CBD size reached statistical 
significance, which has not been mentioned in previous stud-
ies. We hypothesized that a larger bile duct weakens uniform 
contact with a balloon catheter, and may release the push-
ing force of a balloon catheter on a floating stone (Fig. 4a). 
This corresponds with our experience that an embolectomy 
balloon catheter is more desirable to expel stones than a 
Gruentzig-type balloon due to its balloon shape providing 
static contact with bile ducts wall.

We reported fERCP to be a risk factor for technical fail-
ure. Anatomic difficulty in ERCP included large PAD, distal 
CBD narrowing or stricture, and duodenal bulb deformity. 
Nine (66.7%) patients in the fERCP group subsequently 
experienced failed PTSR: six with incomplete stone clear-
ance (including four patients asymptomatically), two with 
too-hard stones to crush, and one with extremely dilated 

Table 4   Univariate and multivariable analyses for risk factors to technical failure of transhepatic removal of CBD stones

Abbreviations: OR odds ratio, CI confidence interval, CBD common bile duct, TG13 Tokyo guideline of severity for acute cholangitis, ERCP 
endoscopic retrograde cholangiopancreatography, PTBD percutaneous transhepatic biliary drainage, PTSR percutaneous transhepatic biliary 
stone removal

Univariate Multivariable

OR 95% CI p-value OR 95% CI p-value

Age (years) 0.987 0.951–1.025 0.490
Gender Male vs. female 0.285 0.097–0.835 0.022* 0.313 0.056–1.758 0.187
TG18/TG13 grade III vs. I, II 6.500 1.634–25.851 0.008* 60.467 3.339–1095.164 0.006*
Pre-op T.bilirubin (mg/dL) 1.021 0.890–1.171 0.767
CBD stone size (mm)  > 13.5 vs. ≤ 13.5 4.978 1.592–15.562 0.006* 1.662 0.318–8.697 0.547
CBD size (mm)  > 15.5 vs. ≤ 15.5 26.839 3.391–212.407 0.002* 506.460 3.369–76,140.166 0.015*
Stone attenuation (HU)  > 80 vs. ≤ 80 0.859 0.270–2.726 0.796
aCBD (degrees)  < 122 vs. ≥ 122 0.507 0.172–1.500 0.220
Transhepatic approach Left vs. right 6.400 2.007–20.406 0.002* 21.621 1.962–238.226 0.012*
Failed ERCP (fERCP) Yes vs. no 4.062 1.371–12.035 0.011* 16.509 2.471–110.288 0.004*
Altered anatomy Yes vs. no 0.335 0.108–1.037 0.058
Interval between PTBD and 

PTSR (days)
 < 6.4 vs. ≥ 6.4 2.122 0.635–7.089 0.221



6880	 European Radiology (2023) 33:6872–6882

1 3

CBD and abrupt CBD angle for balloon sphincteroplasty 
flushing technique. Hu et al. reported that large PAD causes 
unidentified orifice of the papilla and lowers the rate of com-
plete CBD stones removal in the first session by ERCP. PAD 
has a high prevalence of 50% in elderly patients [48]. We 
assumed that PAD leads to non-uniform mucosa contrast 
pooling indistinguishable from residual stones when facing 
CBD filling defects on cholangiogram.

Kim et al. revealed that a more acute distal CBD angle 
(≤ 135°) and a shorter distal CBD arm (≤ 36 mm) were inde-
pendent contributors for endoscopic clearance of bile duct 
stones. CBD angulation was measured as the sharpest angle 
along the CBD from 1 cm below the bifurcation to 1 cm 
above the papilla on an endoscopic cholangiogram [49]. In 
our study, aCBD was not conclusive as a risk factor. We 
presume that both distal CBD angulation and transhepatic 
route determine the access for the balloon catheter to push 
stones into the duodenum. Left-sided PTBD usually has a 
more acute angle between IHD entry site-common hepatic 
duct (CHD) and CBD axis, and thus may accumulate ten-
sion above CHD bifurcation (Fig. 4b). An acute angle rein-
forces the “edge effect” compared with obtuse or straight 
angles when stones are swept by balloon catheter. Current 
assessment of bile duct angulation is on a two-dimensional 
plane. This may have underestimated the CBD angulation 
compared with measuring it on a more accurate three-
dimensional plane. Future studies should include a larger 
number of patients and advanced measurement methods for 
appropriate statistical analysis.

In conclusion, our findings suggest that PTSR is safe and 
efficacious for managing CBD stones in older adults and 
individuals with altered anatomy. Complete transhepatic 
removal of CBD stones is technically more challenging in 
patients with specific risk factors, such as fERCP, larger 
CBD size, left-sided PTBD, and worse TG18/TG13 sever-
ity grade. Patients with these risk factors may benefit from 
PTSR and may be considered high-risk patients requiring 
intensive postoperative surveillance.
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