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complication. Transient minor complications were seen in 
86 cases (8.9%).
Conclusions  BSR through the PTBD route using a com-
bination of techniques, including balloon sphincteroplasty 
flushing, is a safe and effective treatment modality to 
remove biliary stones.
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Introduction

Biliary stones may be related to various clinical mani-
festations, such as upper abdominal pain, high fever, and 
obstructive jaundice. If a patient’s condition progresses to 
cholangitis or biliary sepsis, biliary drainage is needed as 
soon as possible, and stone removal is necessary to com-
plete the treatment.

Various methods, including surgical and non-surgical 
techniques have been used to remove biliary stones. As a 
surgical modality, laparoscopic biliary surgery has been 
widely used. It is very effective and relatively safe com-
pared with the conventional open surgery [1]. However, 
laparoscopic surgery also requires general anesthesia and a 
more invasive procedure than non-surgical techniques.

As a non-surgical modality, endoscopic sphincterot-
omy (EST) and stone removal has been considered as a 
first treatment modality in the management of common 
bile duct (CBD) stones. However, biliary sphincter func-
tion is irreversibly damaged after EST, leading to duode-
nobiliary reflux and chronic inflammation of the biliary 
system [2]. EST is associated with bacterial colonization 
and the presence of cytotoxic components in bile and 

Abstract 
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sphincteroplasty flushing technique, a pushing technique 
after sphincteroplasty, and classical extraction technique, 
decided case by case.
Results  A complete removal was achieved in 893 cases 
(92.3%) and the overall clinical success rate was 99.3%. 
Failure occurred in 7 cases (0.7%), and the causes of fail-
ure were stone impaction (n = 5) and intrahepatic bile duct 
stricture (n =  2). Sphincteroplasty was performed in 902 
cases (93.2%). Balloon sphincteroplasty flushing tech-
nique was used in 829 (85.6%) cases. There was no major 
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chronic inflammation, fibrosis, and reactive epithelial 
changes of the bile ducts [3]. It has complication rates of 
5–15% with 1–3% mortality rates [4–6].

It is also difficult or impossible to perform an endo-
scopic procedure when the biliary duct cannot be 
accessed due to a duodenal diverticulum or previous 
gastrointestinal surgery, and in the presence of large and 
impacted stones, stones situated in the intrahepatic bile 
ducts, and patients’ intolerance or phobia for endoscopy 
[7–9]. In such cases, percutaneous transhepatic stone 
removal is another important technique in the non-oper-
ative management of biliary stones [7, 8, 10].

We present our experience in BSR through the PTBD 
route in 695 patients, and analyzed the success rate and 
complications. And we describe the techniques for BSR, 
including the balloon sphincteroplasty flushing tech-
nique with its technical feasibility and usefulness.

Materials and methods

Patients

This retrospective study was approved by our institu-
tional review board. From January 2001 to December 
2015, 916 patients (479 male patients and 437 female 
patients; age range, 22–92  years; mean age, 67  years) 
underwent BSR through the PTBD route in our interven-
tion center. We excluded patients who were diagnosed 
with postoperative stricture of the bile duct, malignancy, 
and primary sclerosing cholangitis. The patient charac-
teristics are presented in Table 1.

Thirty-eight of 695 patients underwent 2 separate 
BSR procedures, and seven of 695 patients underwent 
3 separate BSR procedures, because of recurrent bil-
iary stones. The period of recurrent biliary stones was 
6 months or more. Therefore, 968 cases were enrolled in 
this study and retrospectively reviewed.

The biliary stones were diagnosed by computed 
tomography (CT) and/or ultrasonography. The direc-
tion of the PTBD route, location of the stones, method 
and number of procedures for BSR, sphincteroplasty or 
not, and results of the procedure including success rate 
and reason for failure, were analyzed on the medical and 
imaging records, retrospectively.

The symptoms of patients, initial and follow-up lab-
oratory results, including complete blood count, liver 
enzymes, bilirubin, amylase and lipase levels, and pro-
cedure-related complications were obtained from the 
medical records.

Procedure

All patients received broad-spectrum antibiotics beginning 
on the day before the PTBD, and continuing as long as the 
external catheter was in place. All patients were monitored 
continuously during the procedure. The procedure was per-
formed under conscious sedation. Narcotic analgesics were 
administered intravenously as needed.

Percutaneous transhepatic biliary drainage was per-
formed in all patients to relieve clinical symptoms, decom-
press the biliary system, resolve the edema on the biliary 
wall, and establish the tract for BSR. The initial PTBD tube 
was usually used an 8.5 French (Fr) drainage catheter. The 
first BSR procedure was performed 3 or 4 days after PTBD, 
and each BSR procedure was done with a 3- or 4-day inter-
val. PTBD and BSR procedures were performed under 
fluoroscopic guidance (Axiom Artis dBA; Siemens, Ger-
many, or Integris BV5000; Philips, the Netherlands).

We performed sphincteroplasty in most cases. The PTBD 
tube was replaced by an 8 Fr introducer sheath (Super 
Arrow-Flex; Arrow, Reading, PA, USA). For the sphinctero-
plasty, a 150-cm, 0.035-inch diameter guide wire (Radifocus 
Guide wire M; Terumo, Tokyo, Japan) was passed through 
the ampulla of Vater and the tip of the wire was placed into 
the jejunum via the duodenum, generally assisted by a 5 Fr 
angled tapered angiographic catheter (Kumpe catheter; Cook 
medical, Bloomington, IN, USA). The wire was exchanged 
with a stiff type 180-cm, 0.035-inch diameter guide wire 
(Amplatz Super Stiff; Boston Scientific, Natick, MA, USA).

A balloon catheter (ATB; Cook medical, Blooming-
ton, IN, USA, or Synergy; Boston Scientific, Galway, 
Ireland) was inserted over the stiff type guide wire and 

Table 1   Patient characteristics

Total number of patients 916

Sex (male/female) (no.) 479/437

Age (years)

 Mean 67

 Range 22–92

Recurrent patients (no.)

 2 times 38

 3 times 7

Total 45

Total number of cases 968

Clinical presentation (no.)

 Cholangitis or biliary sepsis 322

 Obstructive jaundice 374

 Abdominal pain 87

 Others 185



442	 Jpn J Radiol (2017) 35:440–447

1 3

placed across the sphincter. The diameter of the bal-
loon for sphincteroplasty was usually 8  mm or 10  mm 
in the case of non-dilated CBD. The size of the balloon 
was determined by the size of the biliary stones and the 
number of procedures for BSR. We never use a balloon 
of more than 10  mm in diameter in the case of non-
dilated CBD, but more than 12-mm balloons were cho-
sen for dilated CBD. The length of the balloon was 40 
or 60 mm. The balloon was inflated with diluted contrast 
medium until the waist by the papillary sphincter disap-
peared. Inflation time was 10–20 s.

Prior to BSR, cholangiography with diluted contrast 
medium was obtained to define the anatomy of the bil-
iary tree and to identify the size, number, and location of 
the stones. We used several techniques for BSR, case by 
case. The most frequently used technique was sphincter-
oplasty balloon-assisted flushing after stone fragmenta-
tion with basket. Stone pushing into the duodenum after 
sphincteroplasty was used as an alternative method.

After BSR, an 8.5 or 10.2 Fr drainage catheter was 
placed into the CBD again. After 3–5  days, cholangio-
graphy was obtained to determine whether the biliary 
tree was free of stones and that there was a free flow 
of contrast medium into the duodenum. In the presence 
of residual stones, the procedure was repeated. When 
there were no residual stones, the PTBD catheter was 
removed.

Technique for BSR

In the case of an intrahepatic duct stone or a large extrahe-
patic duct stone, we used a fragmentation with basket tech-
nique. These stones were snared or crushed by the stone 
basket (Nitinol stone basket; Cook medical, Bloomington, 
IN, USA) (Fig.  1), and fragmented stones were grasped 
and pulled out through the PTBD route or expelled into the 
duodenum by the balloon sphincteroplasty flushing tech-
nique or pushing technique.

The balloon sphincteroplasty flushing technique is for 
multiple small or medium sized common duct stones, or 
fragmented stones. Large stones, stones with a diameter of 
15 mm or more, were crushed by a stone basket. The balloon 
was inflated with the diluted contrast medium and placed 
across the sphincter. After full extension of the balloon, 
we injected diluted contrast medium into the CBD through 
the sheath, and hydrostatic pressure of the bile duct was 
increased (Fig. 2). Then, the inflated balloon was advanced 
over the stiff type guide wire to the duodenum; simultane-
ously, saline flushing through the sheath was done. The 
stones were expelled into the duodenum by hydrostatic pres-
sure (Fig. 2). This technique was repeated until the stone was 
evacuated completely from the CBD to the duodenum.

In the case of one or two small or medium sized com-
mon duct stones, we used a pushing technique. These 
stones were pushed into the duodenum with a balloon 

Fig. 1   A common bile duct stone fragmented by a stone basket. a A medium sized stone (arrow) in the distal common bile duct was grasped 
and crushed by the stone basket. b Fragmented stones are seen in the distal common bile duct
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catheter. After sphincteroplasty, the balloon was inflated 
with diluted contrast medium proximal to the stones 
and advanced over the stiff type guide wire through the 
papilla and into the duodenum (Fig.  3). This maneuver 
was repeated until the stone was evacuated completely 
from the CBD to the duodenum.

Definitions and study end‑points

On cholangiogram after BSR, complete clearance of 
biliary stones was defined as complete removal. Clini-
cal success was defined as residual biliary stones, but no 
floating stone and improvement of symptoms.

Fig. 2   Multiple small and fragmented stones were expelled into the 
duodeum by the balloon sphincteroplasty flushing technique. a Per-
cutaneous transhepatic cholangiography shows multiple small and 
fragmented stones (arrows) in the common bile duct. b Sphinctero-
plasty was performed using a 10-mm balloon catheter. c After sphinc-
teroplasty, diluted contrast medium was injected into the common 
bile duct through the sheath, consequently, hydrostatic pressure of the 

bile duct was increased. The extended balloon advanced over the stiff 
type guide wire to the duodenum, and simultaneously saline flushing 
was done. Soon after, the stones were expelled into the duodenum 
by hydrostatic pressure. d Post-procedural cholangiography shows 
no residual stone in the common bile duct, the stones (arrows) in the 
duodenum and free flow of contrast media into the duodenum
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Complications were classified as major and minor 
according to the guidelines of the Society of Interventional 
Radiology Standards of Practice Committee [11]. Minor 
complications were defined as those requiring no therapy 
or nominal therapy, including spontaneous improvement 
on conservative management. Major complications were 
defined as those requiring major additional therapy, those 

Fig. 3   A common bile duct stone was pushed into the duodenum 
using a balloon catheter. a Percutaneous transhepatic cholangio-
graphy shows a medium sized single stone (arrow) in the distal com-
mon bile duct. b After sphincteroplasty (not shown), the stone was 

pushed into the duodenum through the sphincter using a balloon cath-
eter over the stiff type guidewire. c The stone (arrow) is seen in the 
duodenum

Table 2   Percutaneous transhepatic biliary drainage route

PTBD route Cases (n = 968) %

Right 696 71.9

Left 223 23.0

Both 49 5.1



445Jpn J Radiol (2017) 35:440–447	

1 3

necessitating an unplanned increase in the level of care or 
prolonged hospitalization, and those resulting in perma-
nent adverse sequelae or death.

Results

PTBD route and distribution of biliary stones

The procedure was performed through the right PTBD 
route in 696 (71.9%) of 968 cases and the left PTBD 
route in 223 (23.0%) of 968 cases (Table  2). Bilateral 
PTBD routes was used in 49 cases (5.1%) (Table 2).

The distribution of biliary stones in the extrahepatic 
duct, intrahepatic duct and both extrahepatic and intrahe-
patic ducts were 553 cases (57.1%), 154 cases (15.9%), 
and 261 cases (27.0%), respectively (Table 3).

Technical results and clinical outcomes

Complete removal was achieved in 893 cases (92.3%). And 
clinical success was achieved in 68 cases (7.0%). The over-
all clinical success rate was 99.3%. The procedure failed in 
7 cases (0.7%), and causes of failure were stone impaction 
(n = 5) and intrahepatic bile duct stricture (n = 2).

The total number of procedures for all 968 cases was 
2807 procedures, and the mean number of procedures for 
a patient was 2.9 (varying between 1 and 9 procedures). 
The mean period of BSR, from insertion to removal of 
PTBD catheter, was 13.8 days (between 2 and 38 days). 
Sphincteroplasty was performed in 902 cases (93.2%). 
The balloon sphincteroplasty flushing technique was 
used in 829 cases (85.6%).

There were no major complications, such as bleeding, 
perforation or acute pancreatitis. Transient minor com-
plications, such as nausea, vomiting, abdominal pain, 
mild cholangitis and minimal hemobilia, were seen after 
the procedure in 86 cases (8.9%) (Table  4). The symp-
toms resolved with conservative treatment within 1 or 2 
days.

Discussion

Biliary stone disease constitutes the major etiology of 
non-malignant biliary obstructions. CBD stones and 
hepatolithiasis are common diseases in East Asia [12]. 
Treatment is mandatory in symptomatic patients and 
recommended in asymptomatic patients because serious 
complications, such as obstructive jaundice, cholangitis, 
and biliary sepsis can occur [13].

Multiple modalities including open and laparoscopic 
surgery, or endoscopic and percutaneous techniques, are 
available for the treatment of biliary stones. Since its 
introduction [14], EST and stone removal has become the 
first line of treatment for biliary stones [5]. However, this 
technique has several disadvantages and may not be suc-
cessful in various clinical situations.

Recently, endoscopic papillary large balloon dila-
tion (EPLBD) has been introduced for large stones [15]. 
In this technique, the biliary orifice is opened to a much 
greater extent than that in EST. However, this technique 
may lead to perforation; it is the most serious compli-
cation of this procedure [16]. And it is likely that the 
functionality of the sphincter of Oddi can be destroyed 
completely after EPLBD. The subsequent duodenobiliary 
reflux may therefore cause additional complications dur-
ing long-term follow-up [17].

Percutaneous treatment of bile duct stones was initi-
ated by Mondet in 1962, and was followed by the work 
of Mazzariello, who used specially designed forceps to 
remove the stones through the postoperative sinus tract 
[18]. The technique of expulsion of biliary stones into the 
duodenum with the use of catheters through the T-tube 
tract was introduced [19], and percutaneous transhepatic 
stone extraction and expulsion into the duodenum has 
been reported [20, 21].

Percutaneous balloon dilatation of the sphincter for 
stone removal was first reported in 1981 [22]. Since then, 
balloon dilatation of the sphincter of Oddi has widely 
been used for BSR [7, 8, 10, 23]. Clinical and experimen-
tal studies showed that balloon sphincteroplasty was not 
associated with stricture and dysfunction of the sphinc-
ter in the long term [24, 25]. Some studies noted that 
balloon sphincteroplasty was very safe, effective, and 
advantageous for the preservation of papillary function 

Table 3   Distribution of biliary stones

Location Cases (n = 968) %

Intrahepatic duct 553 57.1

Extrahepatic duct 154 15.9

Combined 261 27.0

Table 4   Procedure-related complications

Complication Number

Major complication 0

Minor complication 86

Abdominal pain 37

Nausea/vomiting 21

Fever/chill (mild cholangitis) 18

Minimal hemobilia 10
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[26, 27]. In our study, we performed balloon dilatation of 
the sphincter of Oddi in 902 cases (93.2%), and we did 
not experience any serious complications, such as acute 
pancreatitis.

The pushing technique for CBD stones using a balloon 
catheter has been reported, and the study presents that the 
pushing technique is safe and effective [10]. However, the 
pushing technique sometimes may result in failure, even 
in experienced hands. Major reasons for failure include a 
large stone, multiple stones, and dilated CBD [7, 10]. In 
addition, the pushing technique is not efficient for tiny or 
small fragmented stones.

We introduce the balloon sphincteroplasty flushing 
technique. Advantages of this technique are simple and 
simultaneous performance of sphincteroplasty and BSR 
without exchange, movement or reposition of the balloon 
catheter. In addition, this technique is suitable for most 
biliary stones, even multiple, very small or fragmented, 
and large stones, which are not possible to remove by the 
pushing technique. In this study, the balloon sphinctero-
plasty flushing technique was used in 829 cases (85.6%).

In our study, the rate of complete removal was 92.3%. 
Our result is in concordance with previous published 
reports [8–10, 26–28]. The clinical success rate was 
99.3%. Complete removal of intrahepatic duct stones 
significantly helps to reduce the incidence of possible 
complications. Therefore, even in the case of an impacted 
stone, aggressive interventional procedures, aimed at 
complete removal, should be considered [29]. We tried to 
remove the residual intrahepatic duct stones repeatedly 
without giving up. And we achieved a high success rate 
compared with the previous published reports [26, 28]. 
This result is within the range of published results of EST 
and stone removal [12, 17].

On the other hand, the mean number of BSR proce-
dures was 2.9 in our study, and our result reflects a higher 
number of procedures than the previous studies [10, 26–
28]. This result leads to a prolonged hospital stay; how-
ever, we think that it is a factor in the high clinical suc-
cess rate.

Various major and minor complications of BSR have 
been reported in the previous studies [10, 26–28]. In 
our large study, transient minor complications such as 
nausea, vomiting, abdominal pain, mild cholangitis and 
minimal hemobilia were seen in 8.9% of cases, and the 
symptoms were easily controlled by conservative treat-
ment. There were no major complications and there was 
no procedure-related mortality.

Our study has several limitations. First, this is a non-
randomized, retrospective study where all data were 
collected through a review of the medical and imaging 
records. Second, this study did not perform statistical 
analysis as a clinical observational study, but this study 

included a large number of patients. Third, we did not 
compare with the results of endoscopic stone removal, 
including EST and ELPBD.

In conclusion, the results of this study show that BSR 
through the PTBD route using a combination of tech-
niques, including balloon sphincteroplasty flushing, is a 
safe and effective treatment modality to remove biliary 
stones. In addition, the balloon sphincteroplasty flushing 
technique could be used as an effective and useful tech-
nique for BSR.
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