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Abstract
AIM: To investigate a new mother-baby system, con-
sisting of a peroral cholangioscope and a duodenoscope 
in patients regarding its feasibility.

METHODS: In the study period from January 2007 to 
February 2010, 76 consecutive patients (33 men, 43 
women; mean age 63 years old) were included in this 
pilot series. Endoluminal images and biopsies were ob-
tained from 55 patients with indeterminate strictures, 
while 21 patients had fixed filling defects. The diagnos-
tic accuracy of peroral cholangioscopy (POCS) in the vi-
sualization of strictures and tissue sampling was evalu-
ated, and therapeutic success was monitored. Follow-
up was performed over at least 9 mo.

RESULTS: A total of 55 patients had indeterminate 
strictures. Using the criteria “circular stenosis” and “ir-
regular surface or margins”, POCS correctly described 

27 out of 28 malignant biliary strictures and 25 out 
of 27 benign lesions (sensitivity, 96.4%; specificity, 
92.6%, diagnostic accuracy 94.5%). Visually targeted 
forceps biopsies were performed in 55 patients. Tissue 
sampling during POCS revealed malignancy in 18 of 
28 cases (sensitivity: 64.3%). In 21 patients with fixed 
filling defects, 10 patients with bile duct stones were 
successfully treated with conventional stone removal. 
Nine patients with difficult stones (5 giant stones and 4 
intrahepatic stones) were treated with visually guided 
laser lithotripsy. Two patients in the group with unclear 
fixed filling defects had bile duct adenoma or papillary 
tumors and were surgically treated.

CONCLUSION: The new 95 cm POCS allows for ac-
curate discrimination of strictures and fixed filling de-
fects in the biliary tree, provides improved sensitivity of 
endoscopically guided biopsies and permits therapeutic 
approaches for difficult intrahepatic stones.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: A new mother-baby system, consisting of a 
peroral baby cholangioscope and a maternal duodeno-
scope, was investigated in patients regarding its feasi-
bility. Using the criteria “circular stenosis” and “irregular 
surface or margins”, peroral cholangioscopy (POCS) 
correctly described 27 out of 28 malignant biliary 
strictures and 25 out of 27 benign lesions (sensitivity, 
96.4%; specificity, 92.6%, diagnostic accuracy 94.5%). 
The new 95 cm POCS allows for accurate discrimination 
of strictures and fixed filling defects in the biliary tract, 
provides improved sensitivity of endoscopically guided 
biopsies and permits therapeutic approaches for diffi-
cult intrahepatic stones.
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INTRODUCTION
Strictures in the biliary system can lead to retention of  
bile, potentially resulting in jaundice, pain and fever, and 
are thus of  great clinical importance. The differentiation 
between malignant and benign biliary strictures remains 
challenging, even with the use of  transabdominal ultra-
sound (US), computed tomography (CT), and endoscopic 
retrograde cholangiography (ERC)[1]. Biliary strictures 
or filling defects can be caused by various inflammatory 
diseases, as well as by benign or malignant bile-duct tu-
mors[2]. Malignant bile duct tumors, or so-called cholan-
giocarcinomas, are topographically categorized as intra-
hepatic or extrahepatic carcinomas[3]. Surgery is the only 
curative treatment for patients with cholangiocarcinoma, 
but the results have been more favorable for patients 
with early-stage disease. Therefore, a reliable diagnos-
tic procedure is of  great importance for these patients. 
Cholangiocarcinomas often grow longitudinally along the 
bile duct, rather than in a radial direction away from the 
bile duct. Consequently, imaging techniques, including 
ultrasound, CT, and magnetic resonance imaging are of  
limited sensitivity for the detection of  cholangiocarcino-
ma. Therefore, biliary tissue collection during endoscopic 
procedures has been widely used to distinguish between 
benign and malignant strictures, thus providing the only 
definitive diagnosis that can be used to establish thera-
peutic strategies.

However, radiologically guided forceps biopsies, as 
well as brush cytology, has shown only limited sensitivity, 
usually approximately 40%-50%[4-6]. Furthermore, filling 
defects seen on ERC usually indicate the presence of  bile 
duct stones, but these defects can also be caused by vari-
ous benign or malignant tumors, including bile duct ad-
enoma[7]. Intraductal tumors in the biliary tree can mimic 
large stones, and fixed filling defects that are thought to 
be intraductal polypoid lesions can also be stones. 

Therefore, peroral cholangioscopy has been intro-
duced to obtain visual images of  the strictures, as well as 
visually guided biopsy[8]. Only direct endoscopic visual-
ization of  the bile duct enables a clear diagnosis of  fixed 
filling defects and the undertaking of  appropriate therapy. 
So far, conventional mother-baby endoscopes, such as the 
CHF-B20 or CHF-B30 long cholangio-pancreaticoscopes 
(usually longer than 160 cm), have been more demanding 
than the handling of  short endoscopes, and thus, maneu-
verability inside the biliary system has been limited. In 
addition, the bioptic yield of  the available very small bi-
opsy forceps (outer diameter only 1 mm at the head) has 
been relatively poor. To overcome the aforementioned 
setbacks, a new, considerably shortened babyscope was 

developed, which allows for the insertion of  a new, large-
caliber biopsy forceps. The technical aspects have been 
presented in a separate manuscript.

The current study was designed to determine the fea-
sibility of  the new mother-baby system and to evaluate 
the diagnostic accuracy of  a new peroral endoscope in 
patients with suspicious biliary strictures or fixed filling 
defects in the bile duct. The diagnostic accuracy of  the 
new endoscope was consecutively evaluated in this pilot 
series over 2 years of  continuous use in patients with un-
clear strictures and fixed filling defects, and patients were 
followed up over another 9 mo the verify their diagnoses. 

MATERIALS AND METHODS
Patients
The study included 76 consecutive patients (33 men, 
43 women, median age 63 years old) with obstructive 
jaundice, dilated ducts or fixed filling defects, who were 
treated by endoscopic sphincterotomy followed by in-
traluminal endoscopy from January 2007 until Febru-
ary 2010 in the Department of  Gastroenterology at the 
Technical University Munich. The patients were followed 
up for at least 9 mo. The study was approved by the ethi-
cal committee (Ethical Committee TUM, decision from 
08-14-2006). All of  the patients included in this study 
agreed to be interviewed according to the study protocol. 
Written informed consent was obtained from all of  the 
patients before ERC, cholangioscopy with a shortened 
peroral cholangioscope and endoscopically guided bi-
opsy. All of  the following inclusion criteria had to be 
confirmed: (1) clinical diagnosis of  obstructive jaundice 
or other evidence of  biliary stenosis; (2) unclear fixed fill-
ing defects or indeterminate strictures in the biliary tree 
suspected by transabdominal ultrasound; or (3) forceps 
biopsy during cholangioscopy in patients in whom stric-
tures were observed, and stones could be excluded.

The exclusion criteria were as follows: (1) Previous 
surgery of  the liver or bile duct, except for cholecystec-
tomy (CHE); (2) a tumor in the main duodenal papilla; 
(3) histologically or cytologically confirmed carcinoma 
before cholangioscopy; or (4) previous photodynamic 
therapy for patients with cholangiocarcinoma. All 76 
consecutive patients undergoing peroral cholangioscopy 
(POCS) to confirm a diagnosis of  benign or malignant 
lesions and to evaluate the etiology of  their lesions were 
included in this study. By the time of  cholangioscopy, 
all of  the patients had undergone ultrasound, but only 
11 of  28 patients with malignant tumors had undergone 
additional CT scans and/or MRCP investigations before 
cholangioscopy. The reason for the divergent diagnostic 
procedures was that most of  the patients were submit-
ted for further clarification of  an indeterminate stricture 
or fixed filling defect, and thus, the previous diagnostic 
procedure varied and could not be further investigated or 
compared.

Endoscopic equipment
The new mother-baby system was developed by one of  
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the authors (Frimberger E). ERC and endoscopic drain-
age were performed with a videoduodenoscope manu-
factured by Storz Company, in Tuttlingen, Germany. The 
technical details of  the new mother-baby system are de-
scribed in an accompanying publication in the same issue. 
The new babyscope was shortened by more than 1/3 the 
length of  conventional long babyscopes. The instrumen-
tation channel was enlarged, allowing for the insertion of  
large-caliber biopsy forceps with an outer diameter of  the 
cups of  1.3 mm, which is an increase of  30% compared 
to conventional forceps. Corresponding to the shortness 
of  the babyscope, the length of  the forceps was short-
ened, thereby reducing the biopsy time considerably. The 
newly developed endoscopes and the large-caliber biopsy 
forceps were provided at no cost by Karl Storz GmbH 
and Co. KG, in Tuttlingen, Germany. Repairs were per-
formed by the company without charge. There was no 
further financial support from any study sponsors.

Endoscopic intervention
During endoscopic retrograde cholangiopancreatogra-
phy (ERCP), sedation with propofol and midazolam was 
administered. Endoscopic sphincterotomy (EST) was 
conducted using an Olympus papillotome (Olympus, 
Hamburg, Germany), introduced over a Terumo guide 
wire. The bile duct was selectively cannulated with the 
peroral short cholangioscope, without using a guide wire. 
During cholangioscopy, the mucosal appearance of  the 
biliary stricture was evaluated on the basis of  the chol-
angioscopic findings; histological results were not avail-
able at this time. The procedure was performed by two 
physicians: one handling the mother duodenoscope, and 
the other handling the short peroral cholangioscope. The 
passage into the subsegments of  the biliary system often 
required steering by two examiners, and therapeutic pro-
cedures particularly required the control of  two examin-
ers. The laser device was the SMART Lithognost Laser 
from StarMedtec, in Starnberg, Germany. The fibers were 
300 µm in diameter, and the average applied intensity was 
100 J. The laser distinguished stones from the bile duct 
and could not be activated when in contact with the bile 
duct wall.

Criteria for endoscopic visualization of the bile duct 
(POCS): forceps biopsies 
The findings of  malignant strictures included the fol-
lowing: (1) circular polypoid tissue with visible stenosis 
and (2) a non-homogeneous surface or irregular margins. 
Benign strictures included the following: (1) smooth 
surface mucosa, without polypoid or papillary tissue and 
(2) regular margins. At least two cholangioscopic images 
or video documentations were recorded in detail in the 
medical charts by the POCS operator. Endoluminal for-
ceps biopsy was performed under endoscopic guidance. 
The tip of  the open forceps was approximately 3 mm 
wide. All of  the ERC, POCS and biopsy procedures were 
performed by experienced endoscopists, who were aware 
of  the results of  the prior ultrasound examinations, the 

blood parameters of  cholestasis, and the previous ERC 
results. Forceps biopsy was performed by conventional 
methods via the operating channel of  the POCS. Exactly 
2 biopsies were obtained. The first biopsy was acquired 
under perfect visual control. In some cases, when post-
biopsy bleeding occurred after the first biopsy, visually 
controlled acquisition of  the biopsy was hampered due 
to blurred vision. In these cases, the bile duct was flushed 
with fluid until clear visibility was obtained, and the sec-
ond biopsy was performed under visual control of  the 
area of  interest.

Pathologists received the biopsies of  indeterminate 
bile duct strictures without knowledge of  the clinical 
background or the endoscopic images. 

For the purpose of  analysis, suspicions of  carcinoma 
and carcinoma found in biopsy specimens were consid-
ered malignant. The final diagnosis was confirmed by sur-
gical resection, histological results, or clinical follow-up 
over at least 9 mo. Benign biliary lesions were confirmed 
by surgery (n = 2), by negative histopathologic results, 
and by clinical follow-up over more than 9 mo, without 
clinical or radiologic evidence of  malignancy.

RESULTS
Endoscopic peroral cholangioscopy: indications, 
complications, diagnosis and clinical follow-up
A total of  76 patients, 36 men and 40 women with a 
mean age of  63 years old (range 30 to 86 years), were en-
rolled. On the basis of  ERCP findings, 55 patients were 
examined due to biliary strictures and 21 because of  fixed 
filling defects in the biliary system. A side port duodeno-
scope was used in all of  the cases. Two prototypes of  the 
duodenoscopes were used in all of  the patients without 
major repairs, and two cholangioscope prototypes were 
also used without major problems or major repairs. The 
short babyscope could be inserted into the biliary system 
in all of  the cases. In particular, access to the side branch-
es of  the biliary system was easy because of  the direct 
transmission of  rotation exerted on the rear portion of  
the scope to its tip. Excellent transmission of  shaft rota-
tion was observed with the cholangioscope, enabling 
controlled passage into the intrahepatic side branches. 
The insertion of  the 1.3 mm biopsy forceps was unprob-
lematic and rapid, due to its considerably reduced length.

In all of  the attempts, cannulation of  the bile duct 
and POCS (n = 76) were performed successfully, without 
complications. The cholangioscope was easily introduced 
into the bile duct without the use of  guide wires. Among 
the 55 biliary strictures, 28 were malignant, and 27 were 
benign. In the group with malignant cholangiocellular 
carcinoma (n = 24), 6 patients were surgically treated, 9 
received or were enrolled for PDT treatment, and 9 pa-
tients received supportive care. Two patients in the group 
with benign strictures were confirmed by surgical resec-
tion (n = 2), and all of  the other patients with benign 
strictures were monitored over at least 9 mo. The final 
diagnoses of  the 55 patients with indeterminate strictures 
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duct stones or unclear fixed filling defects were exam-
ined with the new cholangioscope. Detailed information 
regarding final diagnoses is provided in Table 1. In all 
21 patients, initial ERCP with sphincterotomy was per-
formed, and cholangioscopy was performed more than 4 
d after the procedure. The cholangioscope was easily in-
troduced into the biliary tract, including the right and left 
hepatic duct, in a time period shorter than 5 min. Typical 
features are shown in Figure 1, representing large intra-
hepatic stones. Nineteen patients had choledocholithiasis, 
and two patients had intrabiliary polyps. One patient with 
multiple fixed filling defects received a diagnosis of  mul-
tiple bile duct adenoma with high-grade dysplasia, dis-
seminated and continuously growing into the intrahepatic 
branches. One patient with a distal fixed filling defect was 
found to have adenoma of  the bile duct, associated with 
a diagnosis of  FAP. 

Ten patients had bile duct stones, and all of  the 
stones could be removed with a basket or balloon. In 9 
patients, cholangioscopy revealed giant bile duct stones 
(n = 4) or intrahepatic bile duct stones not accessible by 
conventional methods (n = 5) (Figure 2). These stones 
were treated by visually guided laser lithotripsy and were 
subsequently successfully removed. Most of  the stones 
were cleared in one session. Four patients had to undergo 
a second POCS to remove the remaining stones and to 
determine the absence of  further stones.

In Figure 3A, the fluoroscopic ERC image of  a pa-
tient with multiple fixed filling defects can be seen. The 
corresponding video of  the POCS shows multiple bile 
duct polyps of  papillary and polypoid shape, and the 
histological evaluation revealed adenoma with high-grade 
intraepithelial neoplasia. From the endoluminal aspects, 
a papillary neoplasm similar to intraductal mucinous 
neoplasia of  the biliary system also appeared feasible. In 
this patient, liver transplantation was performed success-
fully. In Figure 3B, the ERC of  a patient with intrahepatic 
gall stones in liver segment S7/8 is visualized, and the 
corresponding video showed detection of  stones, which 
were treated by laser lithotripsy. In Figure 3C, a patient 

and 21 patients with stones are listed in Table 1. 

Endoscopic appearance of malignant and benign 
strictures: false negative and false positive endoscopic 
results during POCS and forceps biopsy
POCS alone identified 27 out of  28 malignant strictures 
(sensitivity, 96.4%). One patient with metastasis of  an ad-
enocarcinoma but an unknown primary tumor seemed to 
have benign pathology in the POCS investigation. All of  
the other patients fulfilled the criteria for having circular 
stenosis with irregular polypoid tissue. The diagnosis of  
malignancy was confirmed by histology, cytology, surgical 
resection or clinical course. 

In the patients with benign strictures, there were 2 
false-positive diagnoses among 27 benign strictures, ac-
cording to the results of  POCS observation. Twenty-five 
patients were correctly described as having benign stric-
tures. Two patients with benign stricture had strictures 
that appeared malignant by POCS. These patients were 
operated on, but no cancer was identified. The biliary 
system was drained with a biliary anastomosis due to 
the long stricture. Overall, POCS alone identified 27 of  
28 malignant strictures and 25 of  27 benign strictures 
from mucosal appearance, and the statistical values were 
thus calculated as follows: sensitivity: 96.4%; specificity: 
92.6%; positive predictive value: 93.1%; and negative pre-
dictive value, 96.2%. 

Endobiliary forceps biopsy during peroral cholangios-
copy was performed in a total of  55 patients. Two subse-
quent biopsies were obtained in each patient, and biopsy 
acquisition was thus successful in all of  the investigated 
patients. There were no complications related to tissue 
sampling. Tissue sampling correctly identified 18 of  28 
malignant strictures in the bile duct and all 27 benign 
strictures (sensitivity, 64.3%; specificity, 100%; positive 
predictive value, 100%; negative predictive value, 73%). 

Peroral cholangioscopy and fixed filling defects in bile 
duct 
A total of  21 consecutive patients with suspected bile 
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Table 1  Final diagnoses of the 76 patients with indeterminate 
strictures (n  = 55) or unclear filling defects (n  = 21)

Type of stricture No. Final diagnosis 

OP Biopsy FU

Indeterminate stricture 55
   Malignant stricture 28   5 15   8
   Cholangiocarcinoma
   Gallbladder cancer
   Metastasis
   Benign stricture 27   2 - 25
   Inflammatory changes
   Postoperative stricture after cholecystectomy
Biliary filling defects 21 2 - 19
   Gallstones
   Bile duct adenoma (low-grade dysplasia)
   Bile duct adenoma (high-grade dysplasia)

FU: follow-up. 

Figure 1  peroral cholangioscopy aspect of a large bile duct stone. The 
stone was treated by visually guided laser lithotripsy and was completely re-
moved. Overall, 4 giant stones and 5 intrahepatic stones with difficult access 
were completely removed. 
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with hilar stenosis is presented. The corresponding video 
showed that when the scope was withdrawn from the 
right hepatic duct, no tumor could be seen. The left he-
patic duct showed a high-grade stenosis. The stenosis of  
the left hepatic duct was passed, and withdrawal was per-
formed from the left side. The patient was operated on 
with a hemihepatectomy and was cured of  the tumor (R0 
resection). 

DISCUSSION
Peroral cholangioscopy has become an important ad-
ditional tool for the investigation of  biliary strictures and 
fixed filling defects. The practicability of  the new mother-
baby system was monitored in 76 patients with indeter-
minate strictures and filling defects, which are usually 
true challenges for diagnostic and therapeutic endoscopy. 
Intubation of  the biliary system with the short babyscope 
was possible in all of  the cases, without the use of  a guide 
wire. The excellent direct transmission of  shaft rotation 
to the tip of  the babyscope, as a consequence of  the 
shortened shaft (redesigned for optimal torque stability), 
facilitated intubation of  the side branches of  the biliary 
tree, thereby allowing passage into the deeper bile duct 
segments. The new large-caliber biopsy forceps could be 
easily inserted through the instrumentation channel of  
the babyscope, the diameter of  which was larger than the 
channels of  conventional babyscopes.

The new technical features of  the shortened baby en-
doscope allowed for the determination of  the true nature 
of  undetermined bile duct strictures as diagnosed in an 
initial ERC, to obtain additional visual information about 
the shape and extent of  a process and to obtain histo-
logical specimens with this process. Recent studies have 
suggested that the sensitivity of  tissue sampling via fluo-
roscopically guided forceps biopsy was as low as 42%[4-6]. 
Thus, a more sensitive and accurate differentiation of  
malignant and benign bile-duct diseases is essential for 
the planning of  appropriate therapy. Because the current 
study did not compare blinded forceps biopsy and brush 
cytology with POCS biopsy, a direct comparison between 
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Figure 2  Cholangioscopic aspect of a malignant bile duct tumor. A circular 
stenosis can be seen, and irregular polypoid tissue with irregular margins indi-
cates the cholangioscopic criteria for malignancy. A: Cholangoscopic aspect of 
a patient with hilar cholangiocarcinoma; B: Cholangioscopic picture of another 
patient with cholangiocarcinoma. 

Figure 3  endoscopic retrograde cholangiography fluoroscopic images 
and video illustrations of different cases. A: Patient with multiple papillary 
bile duct polyps; histology revealed adenoma with high-grade intraepithelial 
neoplasia, liver transplantation was successfully performed; B: Patient with 
intrahepatic stones (S7/8) treated by laser lithotripsy; C: Patient with stenosis 
of the left hepatic duct; histology revealed cholangiocellular carcinoma. peroral 
cholangioscopy revealed that the right hepatic duct was without signs of infiltra-
tion, and left hemihepatectomy was successfully performed. 
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radiologically vs endoscopically guided techniques could 
not be performed. Therefore, the sensitivity of  forceps 
biopsy of  64% appeared to be in a similar range[4-6].

Various techniques for POCS have been used, and 
many types of  babyscopes were developed between 
1976[8] and the late 1980s[9-12]. More recent studies have 
confirmed that POCS is especially advantageous in the 
diagnosis of  small mucosal biliary lesions when combined 
with narrow band imaging[13]. Modern POCS techniques 
have been further helpful in diagnosing early malignant 
changes in laterally spreading biliary tumor patients and 
in patients with persistent primary sclerosing cholangi-
tis[14-16]. However, most of  these POCS investigators used 
long endoscopes, with lengths greater than 160 cm, and 
some of  the investigators complained about reduced ma-
neuverability in small bile ducts and across strictures[11,12].

At present, the CHF-B20 and CHF-B30 systems are 
widely used for the diagnosis of  lesions in the intrahe-
patic duct and the common bile duct[9-11,14-16]. Fukuda et 
al[17] used a variety of  cholangioscopes in a large series 
undertaken over more than 12 years. This study reported 
high sensitivity in discriminating strictures from filling 
defects. In that study, 21 fixed filling defects of  uncertain 
etiology were seen on ERC, but 8 of  these uncertain fill-
ing defects turned out to be malignant diseases, including 
bile-duct cancers and cystic duct cancers. This observa-
tion is entirely in agreement with our recommendation 
that such unclear filling defects require further diagnostic 
approaches, and peroral cholangioscopy is especially suit-
able for this purpose. Fukuda et al[17] also reported that 
ERCP/tissue sampling correctly identified only 22 of  38 
malignant strictures. These results are in close accordance 
with the data presented here, but the accuracy, sensitivity, 
and specificity of  our technique appeared to be superior.

Recently, a new wire-guided cholangioscope, SpyGlass 
(Boston Scientific, Boston, MA, United States), was intro-
duced as a new tool for cholangioscopy[18]. The SpyGlass 
system is a single-use, single-operator, intraductal system 
that allows for optical viewing and optically guided biop-
sies. In a recent study, Chen et al[18] reported that the rate 
of  procedural success was 91%. Twenty patients under-
went SpyGlass-directed biopsy, and the specimens pro-
cured from 19 patients (95%) were found to be adequate 
for histologic evaluation. The preliminary sensitivity 
and specificity of  SpyGlass-directed biopsy to diagnose 
malignancy were 71% and 100%, respectively. SpyGlass-
directed electrohydraulic lithotripsy succeeded in 5 of  5 
patients (100%).

Also, overtube-balloon-assisted enteroscopy was re-
cently used to place a guide wire for the positioning of  
an ultraslim endoscope (diameter < 6 mm) into the bile 
duct[19], which was considerably thicker than the baby-
scopes used here. The authors reported excellent feasibil-
ity and technical success in 12 of  14 patients. The use of  
ultraslim gastroscopes to perform choledochoscopy is, 
in fact, gaining popularity, and it was again reported us-
ing an overtube-balloon-assisted method for destroying 
large stones[20]. Because neither of  the above systems was 

available in our center, comparative studies could not be 
performed. 

Using the new technique with the Storz mother-baby 
system, we found the new shortened cholangioscope 
especially suitable for the evaluation and treatment of  
indeterminate strictures, as well as unclear filling defects. 
Indeterminate strictures were visually evaluated by well-
defined morphological criteria: (1) circular polypoid tis-
sue with visible stenosis; and (2) a non-homogeneous 
or erosive surface, with irregular margins. These criteria 
were chosen because bile duct cancers have previously 
been shown to be polypoid or papillary growing tumors 
associated with the formation of  a stenosis[16,17]. Previ-
ous studies have found that cholangioscopy performed 
using two peroral cholangioscopes, the CHF-B20 (4.5 
mm outer diameter) and the CHF-BP30 (3.4 mm outer 
diameter), typically revealed that the criteria for polypoid 
masses with stenosis, as well as irregular surfaces with 
erosions and/or ulcerations with irregular margins, were 
suitable for the description of  22 malignant tumors of  
the bile duct in 22 patients with PSC[16,17]. Using these 2 
independent criteria, we found that 27 of  28 true-positive 
malignant tumors appeared malignant, and thus, the use 
of  peroral cholangioscopy was highly sensitive. However, 
2 of  27 patients with benign strictures also appeared ma-
lignant, and thus, over-diagnosis can result. However, it 
must be emphasized that such over-diagnosis can further 
occur with regard to the histological results obtained and 
interpreted after obtaining feedback. Most importantly, 
malignant tumors might thus not be overlooked. Also, 
laser lithotripsy was performed in our study through the 
new cholangioscope, including in 5 patients with difficult 
intrahepatic stones. All of  the patients, especially those 
with intrahepatic stones, could be successfully treated, 
indicating that the new technique is a very useful tool, 
not only for diagnosis but also for the treatment of  such 
diseases in particular. 

In summary, the new peroral mother-baby endoscope 
system provided for easy diagnostic and therapeutic ac-
cess into the common bile duct and the periphery of  the 
biliary tract. The endoscopically chosen criteria for ma-
lignancy were adapted to previous findings and showed 
true-positive values in all of  the cases, indicating that 
growth of  polypoid tissue with irregular surfaces and 
margins is a true criterion for tumors. Vessel density on 
top could be additional information that is further in-
vestigated. Diagnostic and therapeutic accessories, such 
as large-caliber forceps or laser probes, were easily and 
quickly inserted through the short babyscope. Thus, the 
new system could become an essential tool for clinical 
centers focusing on biliary diseases. 
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Background
Strictures in the biliary system can lead to retention of bile, potentially resulting 
in jaundice, pain and fever, and are thus of great clinical importance. The differ-
entiation between malignant and benign biliary strictures remains challenging, 
even with the use of transabdominal ultrasound, computed tomography, and 
endoscopic retrograde cholangiography.
Research frontiers
Therefore, peroral cholangioscopy has been introduced to obtain visual images 
of strictures, as well as for visually guided biopsy. Only direct endoscopic visu-
alization of the bile duct enables a clear diagnosis of fixed filling defects and 
the undertaking of appropriate therapy. So far, conventional mother-baby endo-
scopes, such as the CHF-B20 or CHF-B30 long cholangio-pancreaticoscopes 
(usually longer than 160 cm), are more demanding than the handling of short 
endoscopes, and thus, maneuverability inside the biliary system has been lim-
ited.
Innovations and breakthroughs
Peroral cholangioscopy has become an important additional tool for the inves-
tigation of biliary strictures and fixed filling defects. The practicability of the new 
mother-baby system was investigated in 76 patients with indeterminate stric-
tures and filling defects, which are usually true challenges for diagnostic and 
therapeutic endoscopy.
Applications
Diagnostic and therapeutic accessories, such as large-caliber forceps or laser 
probes, were easily and quickly inserted through the short babyscope. Thus, 
the new system could become an essential tool for clinical centers focusing on 
biliary diseases. 
Peer review
The new 95 cm peroral cholangioscopy allows for accurate discrimination of 
strictures and fixed filling defects in the biliary tract, provides improved sensitiv-
ity of endoscopically guided biopsies and permits therapeutic approaches for 
difficult intrahepatic stones.
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