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Abstract

Background and study aim Indeterminate biliary strictures

and difficult bile duct stones remain clinically arduous and

challenging situations. We aimed to evaluate the utility of

the single-operator cholangioscopy (SOC)-system Spy-

Glass in both conditions in a single-center biliopancreatic

interventional unit and in perspective of available aggre-

gated literature.

Methods Usefulness of SOC was assessed for the above-

mentioned indications by means of the combination of

successful procedural completion, clinical success and

incidence of procedure-related adverse events in our own

prospective cohort from 3/2010 to 7/2014 and all available

literature till 6/2015.

Results Our single-center cohort constituted of 84 patients

undergoing SpyGlass either for indeterminate strictures

(n = 45) or difficult stones (n = 39). In addition, a com-

prehensive literature review yielded 851 patients (from 15

series) for either stenosis (n = 646, 75.9 %) and difficult

stones (n = 205, 24.1 %). In our series, overall procedural

success amounted to 85.7 % (with 88.9 % for stenosis or

82.1 % for stones) compared to 90.7, 91.5 and 88.3 % in

overall literature, respectively. Sensitivity, specificity and

accuracy for visual diagnosis in our cohort added up to

83.3, 82.9 and 82.9 % compared to 90.8, 90.9 and 90.8 %

in the pooled analysis. Respective figures for SOC-directed

biopsies totaled 85.7, 100 and 95.7 % in our cohort and

72.4, 100 and 84 % overall. Overall procedure-related

complications varied between 9.4 and 21.4 %.

Conclusions The SOC-platform SpyGlass can be con-

sidered useful in the context of indeterminate biliary

strictures and difficult-to-remove biliary stones. In both,

SpyGlass-assisted intervention is associated with high

procedural success and alters clinical outcome compared

to conventional approaches with an acceptable safety

profile.
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Direct peroral cholangioscopy was initially introduced in

the 1970s but failed to gain widespread acceptance because

of complex equipment setup, too fragile or rigid nature of

the device, high associated complication rate, lack of a

sufficient large working channel or poor image quality [1].

In recent years, interest in this technique got renewed for

two reasons.

Firstly, because of unresolved failure to overcome

arduous situations, such as indeterminate biliary strictures

and difficult bile duct stones, by conventional endoscopic

retrograde cholangiopancreaticography (ERCP) despite

progress in its armamentarium [2–4].

Secondly, in 2007, the single-operator per oral cholan-

gioscopy (SOC) system SpyGlassTM (Boston Scientific

Corp, Natick, MA, USA) was introduced and announced as

a novel platform that could overcome all of the previous

mentioned shortcomings [5].
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Traditionally, biliary strictures are classified as ‘‘inde-

terminate’’ when their nature cannot be determined after

basic laboratory work-up, abdominal imaging (using MRI,

multi-slice CT and endoscopic ultrasound) and ERCP [3].

Both the value of high-quality cholangiography and tissue

sampling techniques, such as brush cytology (sensitivity

45 %), ‘‘blind’’ intraductal forceps biopsy (sensitivity

48.1 %) or a combination of both (sensitivity 59.4 %),

have remained far from acceptable in this context [6].

Nonetheless, the stakes remain high since accurate diag-

nostics form the basis for an appropriate decision in respect

of the need for and type of surgery. At present, it is esti-

mated that approximately 15–24 % of patients with an

indeterminate stricture undergo surgical resection for sus-

picion of malignancy but with benign disease at definite

pathological examination [7–9].

‘‘Difficult bile duct stones’’ form the other demanding

situation. These are defined as biliary stones for which

various difficulties are encountered during conventional

attempts at extraction or removal either by difficulties in

access (e.g., periampullary diverticula) or—more interest-

ing from the point of cholangioscopy—by primary stone

characteristics (size C 15 mm, number, impaction, intra-

hepatic location or the presence above a stricture)

[4, 10, 11]. Retained stones are considered to occur in

10–15 % of stone cases imposing alternative options such

as intraductal mechanical lithotripsy, a percutaneous

approach with electrohydraulic lithotripsy (EHL) or

surgery.

In both this diagnostic and therapeutic stalemate, direct

visualization of the bile duct by cholangioscopy is con-

sidered of added value either by direct macroscopic eval-

uation of the ‘‘indeterminate’’ stenosis combined with

visually targeted biopsies or by assisting in optically gui-

ded intraductal fragmentation (via EHL or laser) and

clearance of stones.

Since its introduction, several groups have reported on

their experience with SpyGlass but most often as single-

center experiences and/or with small sample size (ranging

between 5 and 226 patients) [5, 12–24]. The aims of this

paper are (1) to report on the usefulness of SpyGlassTM in

the context of indeterminate stenoses and difficult bile duct

stones in a prospective single-center cohort and (2) to

review aggregated available literature [5, 12–24] to

appraise the clinical value of this technology.

Materials and methods

Study design

This study was designed as a prospective observational

cohort study conducted at a single tertiary biliopancreatic

interventional European unit with an overall annual volume

of over 1000 ERCPs. Institutional review board approval

and informed consent were obtained for the purpose of this

study.

Patients

Eligibility for study entry related to the need of further

evaluation of a biliary stricture of uncertain clinical sig-

nificance (‘‘indeterminate stricture’’) or for advanced

therapeutic intervention in the case of retained bile duct

stones after prior failed conventional attempts to clear the

bile duct (see definitions earlier). All consecutive eligible

patients in whom the use of the SpyGlassTM platform was

considered were registered between March 2010 and July

2014. Patient demographics, specific indication, anatomical

target (intrahepatic, common hepatic duct, common bile

duct, cystic duct), additional ERC-related procedures at the

time of SpyGlass-intervention and probable related adverse

events were recorded. Patients were followed up for at least

6 months.

Comparison to available literature and reported series

until June 2015 was performed by an extensive PubMed-

search using the mesh-terms ‘‘SpyGlass,’’ ‘‘cholan-

gioscopy,’’ ‘‘indeterminate biliary stricture’’ and/or ‘‘diffi-

cult bile duct stone’’ using the same eligibility criteria as

for the intended study.

Procedure and description of test system

All interventions were carried out by three experienced

therapeutic endoscopists, each with an ERCP-case-volume

of over 2500 ERCPs. Prior to the study, each endoscopist

performed 5 to 10 SpyGlass-procedures to obtain and build

up the necessary skills and technical experience with the

platform, which post hoc was felt sufficient.

Except for some cases under conscious sedation (guided

by the health status of the patient), 95 % of the procedures

were performed under general anesthesia. Before the pro-

cedure, patients received antibiotic prophylaxis (levo-

floxacin) in accordance with institutional protocol or at the

discretion of the attending endoscopist. Biliary sphinc-

terotomy, if not yet performed, was carried out just before

the SpyGlass examination. In some cases, the pre-existing

sphincterotomy was extended or additional balloon dilata-

tion of the papilla was performed if extension of the pre-

existing sphincterotomy was deemed unsafe.

Each procedure was performed with an Olympus TJF-

160V duodenoscope (Olympus Medical Systems, Tokyo,

Japan) along with the SpyGlass Direct Visualization Sys-

tem and accessories (Boston Scientific Corp, Natick, MA,

USA). In more detail, the actual cholangioscopy apparatus

is conceived as a single-operator device employing a
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single-use 10Fr multi-channeled sheath (SpyScope dis-

posable access and delivery catheter) that attaches to the

head of the duodenoscope just below the biopsy port and

advances through the working channel for insertion into the

bile duct. The SpyScope provides four-way steering of the

tip and accommodates four channels: two for water irri-

gation, one for housing of the fiber-optic device (6000-

pixel image with 70� field of view) and one for application

of accessory devices such as a miniaturized biopsy forceps

(SpyBite, single-use, 1.0 mm diameter with 4.1 mm jaw

opening at 55�) or the 1.9Fr EHL probe (Northgate Tech-

nologies Inc, Elgin, IL, USA).

When a lesion was identified intraductally, the lesion

was first characterized visually. The following visual fea-

tures were considered suspicious for malignancy: promi-

nent vascularization/neo-angiogenesis (e.g., tortuous

dilated vessels), villous mucosal projections, irregular

mucosal nodularity, mass-forming lesions [13, 21, 25].

Thereafter, if eligible, biopsy specimens (at least 4) were

obtained using the SpyBite forceps under SpyGlass

cholangioscopic guidance. An experienced pathologist

evaluated all samples for adequacy. Depending on the

situation, balloon dilatation of the stenosis was performed

prior to cholangioscopy in order to accommodate the

SpyScope and a stent was inserted following the procedure

to ensure biliary drainage.

For EHL, the Northgate Autolith iEHL generator was

used in conjunction with the earlier mentioned 1.9Fr sin-

gle-use probes. Depending on characteristics of the stone

(impacted, type of stone) generator, settings were adapted

(with a minimum of 10 pulses per second and power output

60). After fragmentation of the stone, stone clearance was

followed by auxiliary use of a dormia basket or balloon

catheter. If complete clearance was unobtainable, a plastic

stent was inserted to secure biliary drainage and the pro-

cedure was re-taken later or alternative treatment options

were considered.

Outcome and definitions

The main study outcome measure was the usefulness of

SpyGlassTM in the context of indeterminate stenoses and

difficult bile duct stones. Usefulness was assessed by

means of the combination of successful procedural com-

pletion, clinical success and incidence of procedure-related

adverse events. Definitions are summarized in Table 1.

With regard to capacity of SpyGlass to determine the

nature of an indeterminate stenosis, a final diagnosis of bile

duct malignancy was considered on the basis of a positive

initial SpyGlass-directed biopsy or other definitive tissue

sampling methods (such as CT-guided biopsy, intraopera-

tive tissue sampling, surgical specimen or autopsy). With

reference to preliminary sensitivity, specificity and

accuracy analysis in this context, a provisional final diag-

nosis of benign etiology was established in patients with

C6 months uneventful follow-up after the SpyGlass-pro-

cedure without evidence of malignancy.

Concordance between visual assessment and SpyBite

biopsy diagnosis was also calculated.

Complications were graded according to Cotton et al.

[26].

The same above-mentioned criteria were applied to the

extensive literature search.

Upon unavailable or unclear data in these reports, cor-

responding authors were contacted for more information.

Finally, within our own cohort, various factors (demo-

graphics, presence of primary sclerosing cholangitis,

location of the lesion, diameter of stone) were examined

for possible prediction of failure.

Statistics

Descriptive statistics including means, standard error of

mean (SEM) and frequencies were calculated. Preliminary

sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV) and accuracy were cal-

culated for visual and biopsy diagnosis. To assess inde-

pendent variables predicting failure of procedural success,

logistic regression analysis was performed. Before entering

independent variables in the logistic regression model,

multicollinearity was excluded by evaluating correlation

matrices between different independent variables and uni-

variate analysis was performed to weigh the different

variables.

Statistical analysis was performed using MedCalc soft-

ware (Ostend, Belgium). P B 0.05 was considered statis-

tically significant.

Results

Patient demographics and procedural data

for the Leuven cohort (Table 2)

Between March 2010 and July 2014, 84 patients underwent

SpyGlass-cholangioscopy either for difficult bile stones

(n = 39) or indeterminate stenoses (n = 45). Patient

demographics at baseline and procedure data are summa-

rized in Table 2. Primary sclerosing cholangitis was pre-

sent in 14 patients (16.6 %). The majority of SpyGlass-

procedures (67/84, 80 %) intended to target the extra

hepatic bile duct. As our unit is a tertiary center, half of the

patients were referred for either further work-up of an

indeterminate stenosis or either for difficult stones. This

also explains the average number of two previous ERCPs

prior to SpyGlass-procedure.
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Procedural outcome and success for the Leuven

cohort (Tables 3, 4)

The overall procedural success in our cohort amounted to

85.7 % (72/84) with a success rate of 88.9 % (40/45) for

indeterminate stenoses and 82.1 % (32/39) for retained

stones.

Reasons for procedural failure in our cohort were

inability to reach the region of interest (n = 5: cystic duct

in two patients, intrahepatic localization beyond second

generation bile duct branch in three others), incomplete

stone fragmentation and/or stone clearance (n = 4),

unstable position of the SpyScope (n = 2) or impossibility

to advance the SpyBite (n = 1).

If we focus on the diagnostic procedures, the ability to

merely visualize the region of interest/lesion was possible

in 93.3 % (42/45) and biopsy of the lesion with the SpyBite

in 24 out of 29 patients (82.8 % SpyBite biopsy success).

Biopsy specimens were considered adequate by the

pathologist in all but one case (95.8 %, 23/24).

With regard to difficult biliary stones, SpyGlass-assisted

therapy led to a therapeutic procedural success in 82.1 %

(32/39) in our cohort for retained stones of which 81.3 %

(26/32) was realized in one procedure.

The corresponding results for both diagnostic and ther-

apeutic intervention in aggregate literature are summarized

in Tables 3 and 4 [5, 12–24].

Within our cohort, analysis of various factors (demo-

graphic factors, presence of primary sclerosing cholangitis,

intended focus of interest, diameter of stone, number of

previous ERCPs) was examined for possible prediction of

failure. In the stone therapy-group, no factor could be

identified in univariate analysis, whereas in the indeter-

minate stenosis-group ‘‘focus of interest’’ (intra- vs extra-

hepatic) was withheld (P = 0.03; 95 % CI 0.03–0.56) with

intrahepatic localization as negative determining factor. No

multivariate analysis could be performed.

Clinical outcome and success for the Leuven cohort

Determining the contribution of SpyGlass in the ability to

identify patients with malignant stenosis (sensitivity) and/

or to exclude malignancy correctly (specificity) defines the

impact of direct visualization of the lesion and visual-as-

sisted sampling of the lesion.

Table 1 Outcome definitions

Procedural outcome

Procedural success Proportion of SpyGlass-procedures in which diagnostic or therapeutic objective of the procedure was

achieved

Diagnostic procedural success Ability to visualize the stricture and biopsy tissue (if intended)

SpyBite biopsy success Ability to perform SpyBite forceps biopsy

Adequacy of SpyBite biopsy

specimen

Tissue specimen obtained by means of SpyBite considered adequate for histological assessment by a

pathologist

Therapeutic procedural success Ability to visualize and fragment the stone(s) and obtain ductal clearance

Complications Adverse events observed during and after the procedure

Clinical outcome

Sensitivity Ability to identify patients with malignant stenosis

Specificity Ability to exclude malignancy correctly

Positive predictive value (PPV) Precision of probability that subjects with a positive diagnostic test truly have the disease

Negative predictive value (NPV) Probability that subjects with a negative diagnostic test truly do not have the disease

Accuracy % of correctly diagnosed patients

Table 2 Baseline characteristics of our single-center cohort

Patients (n) 84

Age, years [mean ± SEM (range)] 61 ± 2 (18–99)

Male/female [n (%)] 38 (45.2)/46 (54.8)

Primary sclerosing cholangitis [n (%)] 14 (16.7)

Indication for SpyGlass examination [n (%)]

Indeterminate stricture 45 (46.4)

Difficult bile stones 39 (53.6)

Procedures at time of SpyGlass examinationa (n)

Sphincterotomy 35

Extension of sphincterotomy 12

Balloon dilatation 22

Stone removal 37

Stent placement 48

Intended region of interest at SpyGlass-procedure [n (%)]

Intrahepatic 17 (20.2)

Hilar 16 (19)

Common bile duct 49 (58.3)

Cystic duct 2 (2.4)

Mean previous ERCPs [n (range)] 2 (0–12)

Secondary referral [n (%)] 45 (46.4)

a A combination of different procedures is possible in one single

patient
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Upon mere macroscopic characterization by means of

SpyGlass, the considered indeterminate stenosis could be

visually evaluated in 42 patients (cfr. procedural outcome

and success). According to predefined suspicious macro-

scopic features for malignancy (cfr. methods), lesions were

visually assessed and classified as ‘‘suspected benign’’ or

Table 3 Overview of overall technical success in our cohort, the aggregated literature and totaled results of SpyGlass-series addressing

indeterminate stenosis

Author Study Number Diagnostic procedural successa SPYBITE biopsy success Adequacy biopsy specimenb

Chen [5] Prospective 22 20/22 20/20 19/20 (95 %)

Draganov [12] Prospective 44 43/44 36/36 35/36

Ramchandani [13] Prospective 33 33/33 33/33 27/33

Siddiqui [14] Retrospective 30 30/30 30/30 30/30

Kalaitzakis [15] Retrospective 130 117/130 74/94 53/74

Manta [16] Prospective 52 50/52 43/45 42/43

Nguyen [17] Prospective 19 18/19 18/18 16/18

Tieu [18] Retrospective 39 29/39 36/39 29/36

Moura [19] Prospective 8 7/8 1/1 1/1

Siiki [20] Prospective 11 11/11 11/11 10/11

Woo [21] Prospective 32 31/32 19/19 17/19

Chen [22] Prospective 226 202/226 140/140 122/140

Aggregated literature 9 P/3 R 646 591/646 (91.5 %) 461/486 (94.9 %) PP 401/461 (87 %)

ITT 401/486 (82.5 %)

Current series Prospective 45 40/45 24/29 23/24

Overall 10 P/3 R 691 631/691 (91.3 %) 485/515 (94.2 %) PP 424/485 (87.4 %)

ITT 424/515 (82.3 %)

P prospective, R retrospective, PP per protocol, ITT intention to treat
a Ability to visualize the indeterminate stricture and obtain biopsy tissue from the target lesion (if intended)
b Tissue specimen obtained by means of SpyBite considered adequate for histological assessment by a pathologist

Table 4 Overview of overall technical success in our cohort, the aggregated literature and totaled results of SpyGlass-series addressing difficult

bile duct stones

Author Study Number Therapeutic procedural successa (%) In one procedure

Chen [5] Prospective 5 5/5 (100 %) 2/5

Draganov [12] Prospective 26 24/26 (92.3 %) 22/24

Kalaitzakis [15] Retrospective 33 24/33 (72.7 %) 14/24

Fishman [23] Retrospective 41 37/41 (90.2 %) 37/37

Aljebreen [24] Retrospective 13 13/13 (100 %) 10/13

Tieu [18] Retrospective 13 10/13 (76.9 %) 10/10

Moura [19] Prospective 8 7/8 (87.5 %) 5/7

Chen [22] Prospective 66 61/66 (92.4 %) 43/61

Aggregated literature 4 P/4 R 205 181/205(88.3 %) PP 143/181(79 %)

ITT 143/205(69.8 %)

Current series Prospective 39 32/39 (82.1 %) 26/32

Overall 5 P/4 R 244 213/244 (87.3 %) PP 169/213 (79.3 %)

ITT 169/244 (69.3 %)

P prospective, R retrospective, PP per protocol, ITT intention to treat
a Ability to visualize and fragment the stone(s) and obtain ductal clearance
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‘‘suspected malignant’’. The diagnosis of malignant disease

was subsequently confirmed based on a final histopatho-

logical tissue diagnosis, whereas a provisional final diag-

nosis of benign etiology was retained when histology was

negative and/or there was an uneventful follow-up

C6 months after the SpyGlass-procedure.

Sensitivity, specificity and accuracy for visual diagnosis

by SpyGlass in our cohort were 83.3, 82.9 and 82.9 %,

respectively. If we review the value of macroscopic fea-

tures (neo-angiogenesis (e.g., tortuous dilated vessels),

villous mucosal projections, irregular mucosal nodularity

or mass-forming lesions), neo-angiogenesis appeared the

only macroscopic predictor of malignancy (present in 7/42

patients and in 5/7 patients with malignancy, P = 0.047;

Fig. 1).

The use of SpyBite or obtaining a histological diagnosis

to assist in identifying patients with malignant stenosis, to

exclude malignancy and to correctly classify diagnosed

patients resulted in a sensitivity of 85.7 %, a specificity of

100 % with an overall accuracy of 95.7 %.

The corresponding results for both visual and biopsy

diagnosis in aggregate literature are summarized in Table 5

[5, 13, 14, 16–18, 21, 22].

Concordance of visual diagnosis to biopsy diagnosis in

our cohort was 74 % (17/23), comparative to 85 % (41/48)

in the literature [5, 13].

Procedure-related adverse events for the Leuven

cohort (Table 6)

Taking into consideration, all possible adverse events

observed during and after the procedure, we encountered

21.4 % complications. In overall reported literature, the

reported complications rate amounts to 9.4 % (79/843).

The different complications were summarized in Table 6

and compared to existing literature. No mortality or

remaining morbidity was reported or observed.

Discussion

Here, we report the usefulness of the SpyGlass-system, as a

single-operator cholangioscopy platform, in the specific

management of indeterminate stenoses and difficult bile

duct stones (Fig. 2). The outcomes obtained from our

prospective cohort study were contextualized by compar-

ing to those reported in aggregated literature. ‘‘Usefulness’’

incorporates features with regard to applicability (proce-

dural success), yield in diagnostic approach or therapeutic

intervention (clinical outcome) outweighed by the number

and type of adverse events.

If we focus first on procedural success in our cohort,

defined as the ability to either visualize the indeterminate

lesion and acquire biopsy tissue (if intended) or either

visualize, fragment the stone(s) and obtain ductal clear-

ance, we observed a success rate of 85.7 %. In our practice,

the indication for Spyglass was fairly divided between

procedures with diagnostic and therapeutic intent with a

respective procedural success of 88.9 and 82.1 %. If we

compare this to the aggregate literature, reassembling 14

reports with 843 patients in total and series ranging

between 11 and 297 patients, the comparable overall,

diagnostic and therapeutic success rates amount to 90.7,

91.5 and 88.3 %, respectively [5, 12–24] (Tables 3, 4).

Of interest is that upon review of all reported series

individually, overall, diagnostic and therapeutic technical

success rates are fairly consistent from the inception of this

technology and the first reported experience by Chen and

Pleskow [5] providing proof of concept that this technique

is generally applicable.

The system allows adequate evaluation of the extra-

hepatic and proximal intrahepatic biliary tree. The few

technical failures that occurred in our cohort relate to deep

intrahepatic localization which concern limitations of the

platform to overcome steep angulation, decreasing diame-

ter of intrahepatic bile duct branches and rigidity of the

device.

Despite the appeal of this single-operator platform,

mastery of the Spyglass-system entails a learning curve.

However, no group has formally addressed the quality

Fig. 1 Indeterminate proximal bile duct stenosis, biopsy proven

malignancy: upper row cholangioscopy image with neo-angiogenesis

typical of malignancy (small arrow), lower row: cholangiographic

image of the stenosis (thick arrow)
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assurance of the procedure in terms of this latter and

overall training. In our personal experience, it takes about

ten procedures to achieve some proficiency in using this

system. Technically, the operator needs to learn to both

synchronize and sequentially control duodenoscope and

cholangioscope movements through a range of positions.

This platform therefore is therefore best served by a user

with advanced endoscopic skills. Finally, this system

imperatively imposes dexterity of the operator given the

fact that the operator uses the same hand to maneuver

duodenoscope and/or cholangioscopy as well as to load the

working channel of the cholangioscope with a biopsy for-

ces or EHL probe.

Focusing next on the impact of SpyGlass on clinical

outcome implies evaluating the ability to classify patients

correctly for diagnostic purposes and obtaining ductal

clearance for therapeutic interventions.

If we start with diagnostic impact, a distinction needs to

be made between visual assessment and intra-ductal tissue

acquisition. Sensitivity, specificity and accuracy of visual

cholangioscopic assessment of indeterminate stenosis in

our series amounted to 83.3, 82.9 and 82.9 %, respectively,

which compared to 90.8, 90.9 and 90.8 % for a disease

prevalence of 46 % in pooled literature. Since in this

context, only eight series were reported with overall 646

patients, and thus underpowered for a robust meta-analysis,

we opted to review all possible reported series while

accepting possible bias (though applicability concerns are

low). Interestingly, a recent systematic review, using preset

quality criteria despite apparent lack of power, selected six

studies and found similar pooled clinical outcome data to

ours for visual assessment with a sensitivity of 84.5 % and

a specificity of 82.6 % [27].

With respect to SpyGlass-assisted intra-ductal tissue

acquisition, sensitivity, specificity and accuracy rate in our

series were 85.7, 100 and 95.7 %, with pooled equivalents

in overall reported literature of 72.4, 100 and 84 % for a

disease prevalence of 58 %.

Table 5 Overview of overall reported clinical diagnostic outcome (including our cohort)

SpyGlass for indeterminate stenosis

Sensitivity, specificity and accuracy in all published series

Visual diagnosis Final or provisional final diagnosis Biopsy diagnosis Final or provisional final diagnosis

Malignant Benign Total Malignant Benign Total

Malignant 128 TP 15 FP 143 Malignant 113 TP 0 FP 113

Benign 13 FN 149 TN 162 Benign 43 FN 113 TN 156

Total 141 164 305 Total 156 113 269

Sensitivity 90.8 % 95 % CI 84.8–95 Sensitivity 72.4 % 95 % CI 64.7–79.3

Specificity 90.9 % 95 % CI 85.4–94.8 Specificity 100 % 95 % CI 96.8–100

PPV 89.5 % 95 % CI 83.3–94.0 PPV 100 % 95 % CI 96.8–100

NPV 92.0 % 95 % CI 86.7–95.7 NPV 72.4 % 95 % CI 64.7–79

Accuracy 90.8 % Accuracy 84 %

Disease prevalence 46.23 % Disease prevalence 58 %

TP true positive, FP false positive, FN false negative, TN true negative

Table 6 Overview of complications encountered in the Leuven cohort in comparison to overall reported

Type of complication Leuven cohort (n = 84) Overall reported literature (n = 843)

Mild pancreatitis 6 12

Cholangitis 5 37

Self-limiting abdominal pain 3 18

Asymptomatic amylasemia 3 1

Hemobilia (after EHL) 1 –

EST-related bleeding – 2

EST-related perforation – 2

Radiculopathy – 1

Sedation-related hypotension/hypothermia – 6

Overall (%) 18/84 (21.4 %) 79/843 (9.4 %)
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The higher sensitivity for SpyGlass in visual assessment

compared to cholangioscopic biopsies in our pooled unse-

lected analysis can be explained by a ‘‘fail-safe’’ subjective

apprehension since mere visual cholangioscopic criteria are

highly flawed. In support hereof is the opposite trend in

specificity (withmore false positives upon visual assessment

and none upon histological evaluation), the imperfect con-

cordance of visual to biopsy diagnosis (ranging from 74 %

in our series to 85 % overall) and lack of distinct macro-

scopic features, except for neo-angiogenesis in our and other

series [25], or recognition patterns to rule in/out the specific

benign/malignant nature of a lesion.

So, in absolute numbers, the overall clinical impact of

SpyGlass-assisted visual assessment and guided sampling

in our series and the pooled available literature outperforms

conventional brushing (45 %), intraductal biopsy (48.1 %)

or a combination of both (59.4 %) [6]. However, none of

these studies offered a head-to-head comparison to brush-

ing cytology and/or fluoroscopy-guided intraductal biop-

sies. Only in one paired design cohort study (including 26

patients), Draganov et al. [28] confirmed significantly

higher accuracy of SOC-guided biopsies (84.6 %) com-

pared to ERCP-guided cytology brushings (38.5 %) and

standard forceps biopsies (53.9 %).

In addition to the lack of comparative data, the evolving

role of endoscopic ultrasound (EUS) in an integrated

algorithm also remains to be further explored. In a single-

center prospective observational study by Nguyen et al.

[17], pre-SOC EUS combined with fine-needle aspiration

cytology (FNA) provided a correct tissue diagnosis in 58 %

of the patients. In the remaining patients without diagnosis,

subsequent SOC led to an overall tissue diagnosis of 94 %

with a significant reduction in overall cost. To truly address

all these voids, a large-sample size multicenter cohort

study combining the two-step approach (EUS before SOC)

and evaluating conventional sampling techniques (brush

and biopsy) versus SOC-guided sampling might provide

the answers needed in terms of diagnostic yield and cost-

effectiveness.

If we turn to impact on clinical therapeutic outcome in our

cohort, SpyGlass-assisted therapy led to ductal clearance in

82.1 % for retained stones with 81.3 % being realized in one

procedure. In overall literature, this compares, respectively,

to 88.3 and 79 % [14, 15, 18, 21, 22, 25–27]. Given these

figures and context (7 out 9 series report on failed mechanic

lithotripsy), SOC-assisted therapy represents a highly

valuable and less invasive alternative to percutaneous or

surgical approaches.

Fig. 2 Combination of

cholangiographic and

cholangioscopic in normal

condition (A), indeterminate

stenosis (arrow) with villous

projections and neo-

angiogenesis (double arrow,

B) and impacted bile duct stone

(arrow) subjected to

electrohydraulic lithotripsy (C)
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Finally, the last component of usefulness involves ad-

verse events related to the SOC-procedure. Addressing all

possible adverse events, we noted 21.4 % complications in

our series of which 14.2 % clinically relevant. Cumulating

all reported events, including our series, revealed 10.5 %

overall without reported remaining morbidity or mortality

indicating acceptable safety both quantitatively as

qualitatively.

Before drawing final conclusions, we need to address

some limitations to our analysis, both in general as local.

First of all, we cannot vouch for institutional habits in the

different reported series nor for different levels of profi-

ciency among different endoscopists. Moreover, our review

includes a mix of prospective and retrospective series of

different sample size, which cannot preclude a selection

bias. This latter also holds true for our series. Lastly, the

nature of cohort studies, which imply most of the reported

series, per definition lack direct comparison to conven-

tional approaches, and thus preclude robust meta-analysis.

In conclusion, reviewing our series and putting this in

perspective of the overall available literature, the Spy-

Glass-platform can be considered useful in the context of

indeterminate biliary strictures and difficult-to-remove

biliary stones. In both situations, SpyGlass-assisted inter-

vention is associated with high procedural success, alters

clinical outcome in over 80 % of considered insolvable

cases with an acceptable safety profile.

Given the recent introduction of an upgraded digitalized

version of SpyGlass (SpyDS), usefulness should be re-ex-

amined while overcoming above-mentioned methodologi-

cal pitfalls and considering cost-effectiveness.

Compliance with ethical standards

Disclosures Drs. Kristof Verraes, Werner Van Steenbergen, David

Cassiman, Chris Verslype and Frederik Nevens have no conflict of

interest. Drs. Wim Laleman and Schalk Van der Merwe have served

as a consultant for Boston Scientific. This paper is, however, the result

of an investigator-driven initiative without any industry-related

interference or sponsoring with regard to this report.

References

1. Erim T, Shiroky J, Pleskow DK (2013) Cholangioscopy: the

biliary tree never looked so good! Curr Opin Gastroenterol

29:501–508

2. Cotton PB (2012) Endoscopic retrograde cholangiopancre-

aticography: maximizing benefits and minimizing risks. Gas-

trointest Endosc Clin N Am 22:587–599

3. Singh A, Gelrud A, Agarwal B (2015) Biliary strictures: diag-

nostic considerations and approach. Gastroenterol Rep (Oxf)

3:22–31. doi:10.1093/gastro/gou072

4. Yasuda I, Itoi T (2013) Recent advances in endoscopic man-

agement of difficult bile duct stones. Dig Endosc 25:376–385

5. Chen YK, Pleskow DK (2007) SpyGlass single-operator peroral

cholangiopancreaticogastroscopy system for the diagnosis and

therapy of bile-duct disorders: a clinical feability study. Gas-

trointest Endosc 65:832–841

6. Navaneethan U, Njei B, Lourdusamy V, Konjeti R, Vargo JJ,

Parsi MA (2015) Comparative effectiveness of biliary brush

cytology and intraductal biopsy for detection of malignant biliary

strictures: a systematic review and meta-analysis. Gastrointest

Endosc 81:168–176

7. Gerhards MF, Vos P, van Gulik TM, Rauws EA, Bosma A,

Gouma DJ (2001) Incidence of benign lesions in patients resected

for suspicious hilar obstruction. Br J Surg 88:48–51

8. Corvera CU, Blumgart LH, Darvishian F, Klimstra DS, DeMatteo

R, Fong Y, D’Angelica M, Jarnagin WR (2005) Clinical and

pathologic features of proximal biliary strictures masquerading as

hilar cholangiocarcinoma. J Am Coll Surg 201:862–869

9. Wakai T, Shirai Y, Sakata J, Maruyama T, Ohashi T, Korira PV,

Ajioka Y, Hatakeyam K (2012) Clinicopathological features of

benign biliary strictures masquerading as biliary malignancy. Am

Surg 78:1388–1391

10. Hj Kim, Choi HS, Park JH, Park DI, Cho YK, Sohn CI, Jeon WK,

Kim BI, Choi SH (2007) Factors influencing the technical diffi-

culty of endoscopic clearance of bile duct stones. Gastrointest

Endosc 66:1154–1160

11. McHenry L, Lehman G (2006) Difficult bile duct stones. Curr

Treat Options Gastroenterol 9:123–132

12. Draganov PV, Lin T, Chauhan S, Wagh MS, Hou W, Forsmark

CE (2011) Prospective evaluation of the clinical utility of ERCP-

guided cholangiopancreaticoscopy with a new direct visualization

system. Gastrointest Endosc 73:971–979

13. Ramchandani M, Reddy DN, Gupta R, Lakhtakia S, Tandan M,

Darisetty S, Sekaran A, Rao GV (2011) Role of single-operator

peroral cholangioscopy in the diagnosis of indeterminate biliary

lesions: a single-center prospective study. Gastrointest Endosc

74:511–519

14. Siddiqui AA, Mehendiratta V, Jackson W, Loren DE, Kowalski

TE, Eloubeidi MA (2012) Identification of cholangiocarcinoma

by using the SpyGlass Spyscope system for peroral cholan-

gioscopy and biopsy collection. Clin Gastroenterol Hepatol

10:466–471

15. Kalaitzakis E, Webster GJ, Oppong KW, Kallis Y, Vlavianos P,

Huggett M, Dawwas MF, Lekhraju V, Hatfield A, Westaby D,

Surgess R (2012) Diagnostic and therapeutic utility of single-

operator peroral cholangioscopy for indeterminate biliary lesions

and bile duct stones. Eur J Gastroenterol Hepatol 24:656–664

16. Manta R, Frazzoni M, Conigliaro R, Maccio L, Melotti G, Dabizzi

E, Bertani H, Manno M, Castellani D, Villanacci V, Bassotti G

(2013) SpyGlass single-operator peroral cholangioscopy in the

evaluation of indeterminate biliary lesions: a single-center

prospective, cohort study. Surg Endosc 27:1569–1572

17. Nguyen NQ, Schoemann MN, Ruszkiewicz A (2013) Clinical

utility of EUS before cholangioscopy in the evaluation of difficult

biliary strictures. Gastrointest Endosc 78:868–874

18. Tieu AH, Kumbhari V, Jakhete N, Onyimba F, Patel Y, Shin EJ,

Li Z (2014) Diagnostic and therapeutic utility of SpyGlass peroral

cholangioscopy in intraductal biliary disease: single-center, ret-

rospective study. Dig Endosc. doi:10.1111/den.12405

19. Moura EG, Franzini T, Moura RN, Carneiro FO, Artifon EL,

Sakai P (2014) Cholangioscopy in bile duct disease: a case series.

Arq Gastroenterol 51:250–254

20. Siiki A, Rinta-Kiikka I, Koivisto T, Vasama K, Sand J,

Laukkarinen J (2014) SpyGlass single-operator peroral cholan-

gioscopy seems promising in the evaluation of primary sclerosing

cholangitis-related biliary strictures. Scand J Gastroenterol

49:1385–1390

21. Woo YS, Lee JK, Oh SH, Kim MJ, Jung JG, Lee KH, Lee KT

(2014) Role of SpyGlass Peroral Cholangioscopy in the evalua-

tion of indeterminate biliary lesions. Dig Dis Sci 59:2565–2570

Surg Endosc (2017) 31:2223–2232 2231

123

http://dx.doi.org/10.1093/gastro/gou072
http://dx.doi.org/10.1111/den.12405


22. Chen YK, Parsi MA, Binmoeller KF, Hawes RH, Pleskow DK,

Slivka A, Haluszka O, Petersen BT, Sherman S, Deviere J,

Meisner S, Stevens PD, Costamagna G, Ponchon T, Peetermans

JA, Neuhaus H (2011) Single-operator cholangioscopy in patients

requiring evaluation of bile duct disease or therapy of biliary

stones (with videos). Gastrointest Endosc 74:805–814

23. Fishman DS, Tarnasky PR, Patel SN, Raijman I (2009) Manage-

ment of pancreaticobiliary disease using a new intra-ductal endo-

scope: the Texas experience. World J Gastroenterol 15:1353–1358

24. Aljebreen AM, Alharbi OR, Azzam N, Almadi MA (2014)

Efficacy of Spyglass-guided electrohydraulic lithotripsy in diffi-

cult bile duct stones. Saudi J Gastroenterol 20:366–370

25. Kim HJ, Kim MH, Lee SK, Yoo KS, Seo DW, Min YI (2000)

Tumor vessel: a valuable cholangioscopic clue of malignant

biliary stricture. Gastrointest Endosc 52:635–638

26. Cotton PB, Eisen GM, Aabakken L, Baron TH, Hutter MM,

Jacobson BC, Mergener K, Nemcek A Jr, Petersen BT, Petrini JL,

Pike IM, Rabeneck L, Romagnuolo J, Vargo JJ (2010) A lexicon

for endoscopic adverse events: report of an ASGE workshop.

Gastrointest Endosc 71:446–454

27. Navaneethan U, Hasan MK, Lourdusamy V, Njei B, Varadarajulu

S, Hawes RH (2015) Single-operator cholangioscopy and tar-

geted biopsies in the diagnosis of indeterminate biliary strictures:

a systematic review. Gastrointest Endosc. doi:10.1016/j.gie.2015.

04.030

28. Draganov PV, Chauhan S, Wagh MS, Gupte AR, Lin T, Hou W,

Forsmark CE (2012) Diagnostic accuracy of conventional and

cholangioscopy-guided sampling of indeterminate biliary lesions

at the time of ERCP: a prospective, long-term follow-up study.

Gastrointest Endosc 75:347–353

2232 Surg Endosc (2017) 31:2223–2232

123

http://dx.doi.org/10.1016/j.gie.2015.04.030
http://dx.doi.org/10.1016/j.gie.2015.04.030

	Usefulness of the single-operator cholangioscopy system SpyGlass in biliary disease: a single-center prospective cohort study and aggregated review
	Abstract
	Background and study aim
	Methods
	Results
	Conclusions

	Materials and methods
	Study design
	Patients
	Procedure and description of test system
	Outcome and definitions
	Statistics

	Results
	Patient demographics and procedural data for the Leuven cohort (Table 2)
	Procedural outcome and success for the Leuven cohort (Tables 3, 4)
	Clinical outcome and success for the Leuven cohort
	Procedure-related adverse events for the Leuven cohort (Table 6)

	Discussion
	References




