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ABSTRACT
Background/Aims: The use of cholangioscopy for the diagnosis and treatment of hepatobiliary diseases is gradually becoming more 
common. We aimed to review our peroral cholangioscopy interventions, using the first-generation SpyGlass Direct Visualization System 
(SDVS) and summarize our experience in terms of procedures and results. 
Materials and Methods: Forty-one patients who underwent this procedure at our Gastroenterology Clinic between February 2010 and 
October 2014 were included in this study. Patients were monitored for a median (IQR) of 44 (range 38–72) months. Demographic char-
acteristics of these patients, results of the radiological and biochemical evaluation performed prior to the procedure, cholangioscopy 
findings together with the data relating to the procedure, histopathological diagnosis, clinical findings and results, and their effects on 
patient prognosis were assessed. 
Results: In total, 41 patients underwent 46 cholangioscopy procedures. Of them, 21 (51.2%) were male. The most frequent clinical in-
dications for cholangioscopy was the need to further investigate indeterminate stricture (n=16; 39%) and indeterminate filling defect 
(n=7; 17.1%). The procedure was considered successful in 39 patients with 41 (95.1%) receiving diagnostic and 33 (80.5%) receiving 
therapeutic benefits. The sensitivity and specificity for SVDS-guided biopsies and brush cytology were 80% and 87.5%; 26.6% and 
75%, respectively. Complications related to the procedure occurred in a total of three patients (7.3%), two with cholangitis and one with 
perforation of gall bladder. 
Conclusion: Our experience shows that cholangioscopy procedures, performed with SDVS, are clinically applicable and safe in the diag-
nosis and treatment of hepatobiliary diseases.
Keywords: Cholangioscopy, SpyGlass, indetermine biliary stricture, ERCP, visual diagnosis

INTRODUCTION
The standard examination technique for patients sus-
pected with hepatobiliary duct disease is an evaluation 
of cholangiograms during endoscopic retrograde chol-
angiopancreatography (ERCP) if previous magnetic res-
onance cholangiopancreatography (MRCP) or other ra-
diological techniques have been unsuccessful. However, 
the low diagnostic value of brush cytology or blind intra-
ductal forceps biopsy, frequently used in the diagnosis of 
the etiology of biliary strictures, and the challenges in the 
assessment and management of biliary tree pathologies 
may make it obligatory to examine the bile duct with di-
rect imaging using a cholangioscope in these patients. 

Despite many improvements since the earliest cholan-
gioscopy systems were developed, there are still many 
aspects of this methodology that could benefit from fur-
ther improvement. Video-cholangioscopes, with their rel-

atively more advanced technology and their striking visual 
quality, are now more widely available, but there are some 
associated problems. The SpyGlass Direct Visualization 
System (SDVS) was developed to overcome a range of 
methodological problems present in earlier systems, in-
cluding complex equipment setup, relative fragility of 
system components, high rates of medical complications 
following use, lack of an adequate accessory channel, un-
satisfactory image quality, and the need for two endos-
copists. SDVS was the subject of an international study 
involving several centers with encouraging results (1). In 
2009, The US Food and Drug Administration granted ap-
proval for the use of SDVS for endoscopic pancreatobi-
liary use, both for diagnosis and treatment (2). Since its 
introduction, further studies with varying sample sizes 
(n=5 to n=226) have shown the SDVS to be an effective 
therapeutic and diagnostic tool (3,4). However, to date, 
there are no studies describing the SDVS in terms of use, 
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diagnostic and sampling abilities, and patient outcomes 
and making a comparison with other hepatobiliary diag-
nostic techniques in Turkey. 

Our aim was to share our experience with the first genera-
tion of SpyGlass peroral cholangioscopy system, to pres-
ent and analyze operating characteristics, and to review 
the details and outcomes of the procedures undertaken.

MATERIALS AND METHODS

Patients
All patients with an indeterminate biliary stricture or fill-
ing defect, referred from other centers for differential di-
agnosis, and those patients directly attending our clinics 
with the same indication, between February 2010 and 
October 2014, were included in our evaluation. During 
this period, 41 patients who underwent 46 cholangios-
copy procedures at our Gastroenterology Clinic using 
the SDVS were included in the study. Patient data were 
extracted from the registry system, where all data and 
follow-up results relating to cholangioscopies performed 
are prospectively entered and evaluated.

Demographic characteristics of the patients (Table 1), re-
sults of the radiological and biochemical evaluations per-
formed prior to the procedure, cholangioscopy findings, 
data relating each procedure, histopathological diagnosis, 

clinical findings and results, and their effects on patient’s 
prognosis and outcome were assessed.

Features of the SDVS 
The SDVS (Microvasive Endoscopy, Boston Scientific 
Corp, Natick, MA, USA) (Figure 1) is a system intended 
both for diagnosis and for endoscopic therapy to evaluate 
pancreatobiliary pathologies (5). The components of the 
system are: I) an optical probe (SpyProbe); II) a SpyScope 
catheter protecting and guiding the optical probe and ac-
cessories; III) biopsy forceps (SpyBite); IV) light unit and 
the central computer unit creating the fiber-optic image; 
and V) a liquid irrigation unit (6). 

1045

Turk J  Gastroenterol  2019;  30(12) :  1044-54 Hülagü et  a l .  Peroral  cholangioscopy for  hepatobi l iary diseases

Figure 1. SpyGlass direct visualization capital components.

Parameter n=41

Age, mean (±SD), Y 64.7 (11.9)

Body mass index, mean (±SD), kg/m2 29.3 (5.8)

Sex, no. (%)

Male 21 (51.2)

Female 20 (48.8)

Inpatient, no. (%) 41 (100)

Outpatient, no. (%) 0

Clinical presentations, no. (>1 may be applicable)

Abnormal ERCP 21

Abnormal imaging 33

Asymptomatic 8

Abdominal pain 18

Itching 6

Jaundice 21

Cholangitis 10

SD: Standard deviation.

Table 1. Demographic characteristics of patient population.



The SpyScope catheter contains four separate channels, 
one for the optical SpyProbe (Figure 2), one for the Spy-

Bite forceps, and the remaining two channels dedicated 
to irrigation. The diameter of the whole SpyScope cathe-
ter is 3.3 mm. It is introduced through the 4.2 mm diam-
eter working channel of the duodenoscope. 

The SpyProbe optical component is 231 cm long and 0.9 
mm wide. The SpyBite biopsy forceps is passed through 
the 1.2 mm working channel of the SpyScope, under 
direct visualization, if required. The distal biopsy for-
ceps outer diameter is 1 mm and with forceps jaws fully 
opened 4.1 mm. The maximum opening angle of the jaws 
is 55° (7) (Figure 3).

Definition of success
Biochemical results, MRCP images, endoscopic ultraso-
nography (EUS), and other radiological examination im-
aging of all patients were reviewed. Cholangioscopy was 
performed in patients who could not be diagnosed de-
spite ERCP, or for confirming a suspected diagnosis (di-
agnostic purpose) or for whom endoscopic therapy and 
interventions, appropriate to a confirmed final diagnosis, 
had not previously been successful (therapeutic pur-
pose). The most frequent diagnostic indication was to in-
vestigate an indeterminate/suspected etiology of biliary 
stricture or filling defect, usually because of a suspicion 
of malignancy. The most common therapeutic indication 
was for bile duct stone management.

For this study, cannulation of the choledochal duct and 
advancement of the optical probe to the bile tree bifur-
cation point and optimal image capture was defined as 
“procedural success” whilst obtaining the expected clinical 
benefit from cholangioscopy was defined as “clinical suc-
cess”. Clinical success was divided into two categories for 
evaluation: diagnostic success, which was optically iden-
tifying possible lesions or pathologies when compared to 
histopathological diagnosis; and therapeutic success.

Procedures
A single very experienced endoscopist performed all pro-
cedures. Patients were sedated with propofol given by 
the anesthesiology team. In all procedures, the duode-
noscope used in combination with the SDVS was an ED-
450XT5 (Fujinon Inc., Tokyo, Japan).

All patients underwent a routine ERCP, following a suit-
able fasting period, prior to the procedure, and a balloon 
cholangiogram was obtained. If not previously performed, 
an endoscopic sphincterotomy was carried out. Before 
the procedure, patients received antibiotic prophylaxis. 
This was followed by a peroral cholangioscopy session. If 
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Figure 2. SpyScope access and delivery catheter. 

Figure 3. SpyBite biopsy forceps and spyglass direct visualization 
probe exiting through distal end of SpyScope access and delivery 

catheter (7).



a stricture or a filling defect was identified on the chol-
angiogram, this was noted together with its location. The 
guide wire was advanced to the location of this patholo-
gy. After a choledochus cannulation with the SpyScope 
catheter, the fiber-optic probe was advanced through the 
biliary ducts, and an image was captured. After the endos-
copist performing and monitoring the procedure approved 
that the optimal image was obtained, the catheter and the 
probe were advanced into the channel to the hepatic duct 
level or proximal part of the possible lesion area. The biliary 
ducts were examined during the retraction of the SDVS to 
the duodenum to assess the possible lesion, with repeated 
advancement and retraction for each duct.

If any neovascularization, suggesting the presence of a 
lesion, any apparent mass, or a tumor was observed, a 
minimum of three and a maximum of six biopsy samples 
were taken from different areas of the lesion by SpyBite 
forceps (8-10). In the absence of any obvious lesion, bi-
opsies were taken randomly from the stricture site. 

After taken biopsy by SpyBite and completion of chol-
angioscopy session, brush cytology was performed in 
all patients with malignancy suspicion, because if brush 
cytology was obtained firstly, a visual diagnosis could be 
negatively affected during SpyGlass procedure. In all cas-
es, two experienced pathologist and cytologist, who were 
blinded to patient clinical information, evaluated and re-
ported all biopsy and cytology materials. Rates of diag-
nosis obtained by visual examination or by taken biopsy 
during cholangioscopy and those for brush cytology after 
SDVS session were compared with final diagnosis one. 

Any identified stones were removed using the visual 
function of the SDVS, by irrigation with sterile water con-
trolled by foot pump or by using a balloon or a basket. The 
time between the cannulation of the choledochus using 
the SDVS and the retraction of the duodenoscope and 
complete withdrawal from the patient was calculated 
and defined as procedure time.

Following cholangioscopy with the SDVS, all patients 
were hospitalized for at least three days. During this time, 
they were followed both clinically and using laboratory 
and radiological findings to monitor for possible compli-
cations such as perforation, hemorrhage, cholangitis, and 
pancreatitis.

Statistical analysis
Descriptive statistics were reported as mean±standard 
deviation (SD) and median with interquartile range (IQR) 

values. For procedural success and clinical success, the 
positive (PPV) and negative predictive value (NPV) were 
calculated with sensitivity and specificity and their re-
spective 95% confidence intervals (CI). Results were 
evaluated using the chi-square test, with the average val-
ues being compared using Student’s t-test and the me-
dian values with the Wilcoxon rank sum test. Values of 
p<0.05 were considered statistically significant.

RESULTS 
During the study period, the number of patients who under-
went ERCP at our center was 3342. Of these, 731 patients 
were assessed for suspicion of malignancy, and 41 patients 
were investigated using the SDVS cholangioscope. Thus, 
1.2% of all ERCP patients and 3.1% of all patients with sus-
picion of malignancy were assessed using the SDVS.

The results of these 41 (male; 51%) patients undergo-
ing peroral cholangioscopy using the SDVS system were 
evaluated. The median age was 57.1 (28–79) years and 
56.8 (41–84) years for male and female patients, respec-
tively. The basic characteristics of the patients undergo-
ing the procedure, together with the indications based on 
the results of the previous ERCP and the data relating to 
the procedure, are given in Table 2. The most frequent 
indication for cholangioscopy was the need for further 
investigation, due to suspected biliary stricture and ma-
lignancy, and this was performed in 16 (39%) patients.

During the procedure, the most frequent application was 
biopsy sampling (56.1%) and inserting a plastic stent 
(29.3%). A total of 46 cholangioscopy sessions were per-
formed in the 41 patients. Thus, the mean intervention 
per patient was 1.12. The mean duration of the procedure 
was 42±11.2 min. To assess operator familiarity with the 
procedure, the series was chronologically divided into 
three groups; the first 15 procedures carried out, the next 
16 procedures, and the final 15 procedures of the series. 
When the procedural durations were evaluated based on 
this division, a significant difference was observed be-
tween the average time to achieve hilus level intubation 
and optimal visual evaluation of the first 15 procedures 
compared with the final 15 procedures (23±9 versus 11±2 
min; p<0.001). When total procedure time was examined 
in the same fashion also, the difference again was statis-
tically significant (47±14.3 versus 37±10.8; p=0.032) (Ta-
ble 3). Final diagnoses are shown in Figure 4, and visual 
diagnoses made with SDVS are summarized in Table 4.

Cholangiocarcinoma was diagnosed in 15 patients (Figure 5, 
6). In eight of these patients, Ca 19.9 values were in normal 
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range (20–800) (0–37 U/mL). Normal appearance in four 
patients and benign or inflammatory changes in six patients 
were reported. Primary sclerosing cholangitis (PSC) was de-
tected in six patients (14.6%; Figure 7, 8). In two patients, 
the appearance was consistent with Caroli’s disease.

Choledocholithiasis was observed in three patients with 
benign stricture, one patient with choledochal cyst, one 
patient with an appearance consistent with Caroli’s dis-
ease, and in eight further patients. Among these patients, 
five with previous ERCP did not have images consistent 
with biliary stones; while in two more, air bubbles had 
been reported. In six patients diagnosed with choled-
ocholithiasis, the number and size of the biliary stones 
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 Descriptive Information 
 and Percentages 

Characteristics

Number of patients 41

Age (average years) 64.7

Sex (M/F) 21/20

Number (%) of patients sphincterotomized 21 (51.2)

Median (range) follow-up duration (months) 44 (38–72)

Clinical Characteristics n (%)

Cholelithiasis 11 (26.8)

History of cholecystectomy 15 (36.5)

Periampullary diverticulum 8 (19.5)

Radiological Examination Data

US, ERCP 41 (100)

MRCP 34 (82.9)

BT 23 (56.1)

EUS 12 (29.3)

SpyGlass Cholangioscopy Indications

Indeterminate stricture 16 (39.0)

Indeterminate filling defect 7 (17.1)

Other 4 (9.8)

Stone therapy management 8 (19.5)

Cystic lesion 2 (4.9)

Procedures Performed During the SpyGlass Peroral 
Cholangioscopy Examination

Biopsy sampling 23 (56.1)

Sphincterotomy 20 (48.8)

Biliary sphincterotomy dilation 6 (14.6)

- With sphincterotome 4 (9.7)

- With dilation balloon 2 (4.9)

Stent insertion 12 (29.3)

Balloon dilation 4 (9.7)

Brush cytology sampling 23 (56.1)

Selective cystic duct cannulation *2 (4.9)

Stone removal 8 (19.5)

* Two patients with cirrhosis, both of whom had acute cholecystitis). 
SDVS: SpyGlass direct visualization system.

Table 2. Characteristics and procedural data of 41 patients 
undergoing peroral cholangioscopy using the SDVS.

Figure 4. Final diagnosis with cholangioscopy (benign stricture 
(6), cholangiocarcinoma (CC) (15), normal (4), primary sclerosing 

cholangitis (PSC) (6), indeterminate biliary stone (8), and appearance 
compatible with Caroli’s disease (2)).

Figure 5. Patient with cholangiocarcinoma (cholangiographic view).
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 Procedures Procedures Procedures p (Between first and 
 (No. 1–15) (No. 16–31) (No. 32–46) last 15 procedures)

Average Time to Hilus Level Entubation (min) 23±9* 13±1 11±2* p< 0.001

Average Total Procedure Time (min) 47±14.3* 35±11.2 37±10.8* p=0.032

Procedures Success 13/15**  16/16 15/15 N.A 
 *Insufficient fibreoptic  
 image quality (n=2)

Complications 2***  1*** - N.A 
 Gall bladder perforation (n=1)  Cholangitis (n=1) 
 Cholangitis (n=1)  

N.A: Not available.

Table 3. Procedural features evaluated based on chronologically in three division as first 15, next 16, and last 15 procedures 
to assess operator familiarity with the procedure.

 Number of Procedures (%)

Visual diagnosis with SDVS 

Benign/inflammatory changes 6 (13)

Cholangiocarcinoma 15 (32.6)

Extrinsic compression of the lumen 2 (4.3)

Primary sclerosing cholangitis 6 (13)

Stone not detected in the  *8 (17.4) 
cholangiograms obtained with ERCP

Insufficient fibreoptic image quality 2 (4.3)

Choledochal cyst 1 (2.2)

Caroli’s disease *2 (4.3)

Normal 4 (8.7)

Total 46 (100)

SDVS: SpyGlass Direct Visualization System.

Table 4. Visual diagnosis in 41 patients undergoing peroral 
cholangioscopy with the SDVS.

Figure 7. Patient with primary sclerosing cholangitis 
(cholangiographic view).

Figure 8. Patient with primary sclerosing cholangitis 
(cholangioscopic view).

Figure 6. Patient with cholangiocarcinoma (cholangioscopic view).



observed directly using the SDVS were more than those 
determined and reported with ERCP. During examination 
with SDVS, the biliary system of four patients was deter-
mined to be normal, in terms of the mucosa color and ap-
pearance and the lumen structure although preliminary 
diagnosis in these four was Klatskin tumor (n=2), benign 
stricture (n=1), and PSC (n=1).

In procedures performed with different indications, the 
incidence of malignancy, stone detection, or complete-
ly normal findings differed according to the indications 
(Figure 9).

Biopsy sampling
Of the 23 patients with an SDVS-guided biopsy, 16 
(69.6%) had an indeterminate stricture and 7 (30.4%) 
had an indeterminate filling defect. Following 106 biop-
sy attempts, 82 specimens (77.3%) were collected for 
pathological evaluation. The median (IQR) number of 
biopsy interventions and sufficient specimen collect-
ed per procedure was 4.6 (IQR, 3–8) and 3.5 (IQR, 2–6) 
respectively. Pathology confirmed that biopsy samples 
from 21 patients (91.3%) were sufficient for histological 
examination. However, in two patients, one with a stric-
ture in the cystic duct-choledochus junction and another 
with a stricture in the pre-sphincteric area, biopsies were 
insufficient for histological examination. Final diagnosis 
in these two with biopsies obtained by ERCP was con-
sistent with malignancy in one, while the other patient’s 
result was benign.

Two patients had false-negative biopsy results. In the first 
patient, biopsies were obtained from an area of partial ir-
regularity, with an appearance consistent with extrinsic 
compression at the proximal of the choledochus. In the 
second patient, biopsy results obtained from the stricture 
area of the middle part of the choledochus were report-
ed histologically as benign. These two patients were later 
reported to have pancreas carcinoma, based on the diag-
nosis from surgically obtained tissues. 

From the 23 patients providing a biopsy, the results of 
8 (34.8%) were of benign nature. These eight patients 
were monitored for a median (IQR) of 44 (38–72) months. 
Among the patients with benign histology, seven follow-up 
biopsies were taken from four patients (50%): one biopsy 
from two patients, two from the third patient, and three 
from the fourth. The median (IQR) time between the first 
SDVS biopsy and the last follow-up biopsy was 22 (13–72) 
months. During the follow-up period, the methods used for 
tissue sampling differed and included SDVS, ERCP-guided 
sampling, and EUS-FNA. Upon examination, all three pa-
tients’ biopsies were reported as benign; and malignancy 
was demonstrated with a biopsy taken at a 48th month in 
follow-up in the fourth patient who has PSC. No other pa-
tient developed malignancy during the monitored period.

The sensitivity and specificity for SDVS-guided biopsies 
were 80% and 87.5%, respectively (Table 5). Thus, the 
concordance rate between the SpyGlass visual exam-
ination results and the SpyGlass-guided biopsy-based 
diagnoses were 56% for malignancy and 43.4% for be-
nign changes. However, with standard brush cytology 
performed in these patients, only four patients (26.6%) 
could be diagnosed with malignancy (sensitivity: 26.6%, 
specificity: 75%) (Table 5).

The location of the lesions and the procedural success 
rates are summarized in Table 6 for patients diagnosed 
with cholangiocarcinoma.

Biliary stone management and treatment
When SDVS was compared to ERCP, it provided addition-
al information for new stones, more stones, and larger 
stones in 11 (26.8%) and detected new biliary stones in 
seven patients. This information enabled all patients to 
receive an endoscopic supplementary intervention, from 
which six patients had clinical benefit.

For patients with small biliary stones (1–3 mm), five biliary 
stones were removed from three patients using the irriga-
tion function of the SDVS. If irrigation removal was unsuc-
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Figure 9. The frequency of cholangiocarcinoma, biliary stone, or 
normal appearance as final diagnosis obtained with SpyGlass in 

cholangioscopy procedures in different indications.
PSC: Primary Sclerosing Cholangitis



cessful, a biliary stone balloon was applied successfully in 
three patients, using the standard method in conjunction 
with a duodenoscope in two patients and in conjunction 
with the visualization provided with SDVS, by advancing the 
SpyProbe through the stone balloon catheter in one patient. 

Thus, six stones (2–5 mm), with one of these stones being in 
the hilar region, were removed from these patients. 

The procedure was considered successful in 39 patients. 
In terms of clinical success, 39 patients (95.1%) received 
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Technical Success and Clinical Diagnostic Outcome Our Study Laleman (11)

Diagnostic success n (%) 39/41 (95.12) 631/691 (91.3)

SpyBite biopsy success n (%) 21/23 (91.3) 485/515 (94.2)

Therapeutic success n (%) 33/41 (80.5) 213/244 (87.3)

Visual Diagnosis

Sensitivity  93.3% (95% CI: 67.98–98.89) 90.8 % (95 % CI 84.8–95)

Specificity  87.5% (95% CI: 47.38–97.93) 90.9 % (95 % CI 85.4–94.8)

PPV 93.3% (95% CI: 67.98–98.89) 89.5 % (95 % CI 83.3–94.0)

NPV 

 87.5% (95% CI: 47.38–97.93) 92.0 % (95 % CI 86.7–95.7)

Accuracy 91% 90.8%

Biopsy Diagnosis

Sensitivity 80% (95% CI: 57.16–97.80 %) 72.4 % (95 % CI 64.7–79.3)

Specificity 87.5 ( 95% CI: 58.93–100) 100 % (95 % CI 96.8–100)

PPV 100% (95% CI: 73.35–100.00) 100 % (95 % CI 96.8–100)

NPV 

 77.7% (95% CI: 40.06–96.53) 72.4 % (95 % CI 64.7–79)

Accuracy 82.6% (19/23) 84%

Brush Cytology Diagnosis

Sensitivity 26.6%, N.A

Specificity 75% N.A

PPV 100% (95% CI: 40.23–100.00) N.A

NPV 

 42.8% (95% CI: 17.76–71.08 ) N.A

Accuracy 43.5% (10/23). N.A

Visual/Biopsy Diagnosis Concordance 56% (13/23) for malignancy 74 % (17/23), 
 43.4% (10/23) for benign changes 85 % (41/48) (5,12)

Table 5. Overall technical success and clinical diagnostic outcome in our cohort, with the aggregated literature until 2017 (11).

Location of the Stricture Area n=16  Imaging Success n (%) Diagnostic Success n (%) Treatment Success n (%)

Intra-hepatic duct (4) 4 (100) 3 (75) *2 (50) 
    1: refused the surgery 
    1: exitus after surgery

Common hepatic duct (6) 6 (100) 5 (83.3) 4 (66.6)

Cystic duct (1) 1 (100) 1 (100) 1 (100)

Proximal choledochus (2) 2 (100) 2(100) 2 (100)

Middle choledochus (2) 2 (100) 2(100) 2 (100)

Distal choledochus (1) 1 (100) --- 1 (100)

Table 6. Location of cholangiocarcinoma and examination success.



diagnostic and 33 (80.5%) received therapeutic benefits. 
In 35 patients (85.4%), patient management was im-
proved by the use of SDVS.

Complications
Complications related to the procedure developed in 
three patients (7.3%). Two developed cholangitis, and 
one patient had a perforation of the gall bladder while un-
dergoing a balloon dilatation due to a stricture located in 
the proximal of the choledochus and partially protruding 
into the common hepatic duct.

Cases with cholangitis were discharged after five to sev-
en days of hospitalization and medical treatment. Follow-
ing surgical therapy, the patient with perforation of the 
gall bladder was discharged without permanent sequelae. 
No patient deaths or sustained morbidity was associated 
with SDVS procedures. Procedure-related findings and 
complications are summarized in Table 7.

DISCUSSION
A final differential diagnosis of biliary duct strictures is 
vital to plan therapy and prognostic value. This may pre-
vent unnecessary surgical intervention in patients with 
benign stricture. In patients with a malignant stricture, it 
may prevent a delay in diagnosis and, thus, facilitate more 
rapid treatment and also may afford an opportunity to 
assess tumor resectability.

In our study using SDVS, 39 patients (95.1%) received di-
agnostic and 33 (80.5%) received therapeutic benefits. 

These results indicate that SDVS is an efficient and ef-
fective system for the diagnosis and treatment of hepa-
tobiliary disorders. The system is predominantly used 
for two indications, namely the diagnosis of biliary stric-
ture-indeterminate filling defects and the management 
of biliary stones.

We have shown that no problems were encountered in 
practice with SDVS procedures in patients with a cholan-
gioscopy indication. We obtained a success rate of 95.1% 
(95% CI 75%–96%), which is in concordance with the 
published success rates that exceed 90%. In our hands, 
an additional benefit from using SDVS for hepatobiliary 
diagnosis was found in 85.4% of 35 patients. This pro-
portion is at the upper end of the range (65%–95%) 
for additional benefit reported in the recent literature 
(11,12,14). Variability in additional benefit between stud-
ies may be due to differences in inclusion criteria, reasons 
for referral, final diagnoses, and experience of the endos-
copists.

Differentiating between malignant and benign tissues 
in the bile duct epithelium is a challenge frequently en-
countered in cholangioscopy. However, direct visual as-
sessment and visually guided biopsy have the potential to 
simplify this challenge (1,13).

The SDVS-guided biopsy samples were considered suf-
ficient for histological diagnosis in 21 patients sampled 
(95.1%), confirming the assumption that direct visual-
ization would increase the success rate of biopsies taken 
from the target region.

Specificity, calculated from the benign diagnosis accura-
cy rate, did not differ in our series, but the sensitivity, cal-
culated from the malignancy accuracy rate, was higher for 
the visual diagnosis than for the biopsy diagnosis. Factors 
such as difficulty in collecting biopsies, particularly during 
the earliest procedures, or including patients with insuf-
ficient biopsy material for evaluation may have played a 
role in obtaining this result. The sensitivity of biopsies col-
lected with SDVS was found to be 80% in a difficult pa-
tient population, which indicates the potential role of the 
tissue sampling technique in determining malignancies of 
the bile duct. Although the biopsy results were general-
ly sufficient, in two patients with a false-negative result, 
there was an extrinsic compression in both patients; and 
the biopsy was taken with the suspicion of partial muco-
sal involvement. After retrospective evaluation for visual 
diagnosis, these patients were initially considered as be-
ing classifiable in the benign category. The total clinical 
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 n=46

Total procedure time, mean (±SD) (min) 42±11.2 

SpyBite biopsy (patient no.) 23

Brush cytology (patient no.) 23

Number of biopsy interventions (IQR)/sufficient  
Specimen collected per procedure (IQR) 4.6 (3-8)/3.5 (2-6)

Adequacy of biopsy sample, No (%) 21 (91.3)

Complications

Mild pancreatitis -

Postsphincterotomy bleeding -

Perforation *

Cholangitis 2

Procedures success (%) 

Diagnostic 95.1

Therapeutic 80.5

Table 7. Procedure-related findings and complications.



yield of SpyGlass-assisted visual evaluation and tissue 
sampling in our series and the accumulated available lit-
erature indicate that using this methodology is superior 
to conventional brushing (45%), an intraductal biopsy 
(48.1%), or a combination of both (59.4%) (15). This su-
periority has been reported by Draganov et al., who made 
a direct comparison between SDVS and these conven-
tional techniques (13). 

In a recent systematic review, the overall rate of adverse 
events such as cholangitis, pancreatitis, and hemorrhage 
due to cholangioscopy was 10.5% (12). This number was no 
greater than the total rate of complications associated with 
ERCP. Major complications related to cholangioscopy were 
rarer in our study (3/41; 7.3%) than in the literature (1,12,13). 
Two patients developed cholangitis, which responded to 
medical therapy, and they were discharged without any 
complication. Perforation, which developed spontaneously 
after the procedure in the fundus section of the gall bladder 
in the second patient examined with SpyGlass, was con-
sidered to be a result of hydrops of the gallbladder with the 
contrast agent used for the cholangiogram. An additional 
cause of the perforation may have been the increased pres-
sure in the gall bladder due to a stone partially located in the 
cystic duct of the patient, who also had to accompany re-
curring subacute cholecystitis. In our opinion, due to the low 
rate of complications even when the operator was inexperi-
enced, cholangioscopy with SpyGlass can be defined as one 
of the safest interventions.

The relatively low number of patients and the fact that it 
was performed only by a very experienced endoscopist 
are the limitations of our study. However, in the literature, 
there is no other study in which biopsy taken under direct 
visualization was compared with brush cytology in such a 
long follow-up period. An upgraded digitalized version of 
SpyGlass, SpyGlass DS (SpyDS), which has better image 
recognition, has been recently introduced. This new sys-
tem can significantly increase the diagnostic and thera-
peutic capacity of the first-generation system and should 
be re-evaluated in terms of feasibility and success. Such a 
study is currently running in our center. 

In conclusion, this research has demonstrated how use-
ful SDVS, operated by a single endoscopist, has been in 
the treatment of gall stones, and taking sufficient biopsy 
samples for histological diagnosis even when including 
“difficult” patients referred from other centers because 
of previous assessment problems. Our center, which was 
the first to use the SpyGlass system in Turkey, is a tertiary 
referral center; and to our knowledge, these results con-
stitute the largest available national series. In our hands, 

the SpyGlass system has proven safe and effective and 
has provided additional clinical benefit over conventional 
diagnostic techniques.
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