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Introduction: Cholangiopancreatoscopy with SpyGlass™ Di-
rect Visualization System (SGDVS) is being used in special-
ized centers for improving the sensitivity of endoscopic ret-
rograde cholangiopancreatography (ERCP) in patients with
indeterminate pancreatobiliary strictures (PBS). The aims of
this study were to report our initial experience with SGDVS
in the evaluation of indeterminate PBS, and discuss the im-
provements of ERCP brought by this technique in our center.
Methods: The usefulness of SGDVS in patients with indeter-
minate PBS (defined after nondiagnostic previous ERCP with
brush cytology) was evaluated in a prospective observation-
al cohort study conducted at a single tertiary biliopancreatic
unit. The accuracy of diagnosis by the SGDVS visual findings,
SGDVS-guided biopsy, technical success, image quality,
change in patient management after the procedure, and
complication rate were assessed. Results: In our single-cen-
ter cohort, there were 13 SGDVS procedures for evaluating
indeterminate PBS. Technical success, defined by the ability

to progress with the SpyScope to the target lesion, was
achieved in all the cases. The diagnostic accuracy of visual
findings (87.5%) was superior to SGDVS-guided biopsy
(55%).1n 11 (85%) procedures, the image quality was consid-
ered good. The procedure permitted exclusion of malignan-
cy and avoiding surgery in 9 patients (69%). There were no
complications during the procedures. However, in the post-
procedure monitoring, 3 patients developed acute pan-
creatitis (19%) and 2 patients developed acute cholangitis
(13%). Conclusion: The SGDVS can be considered useful in
the context of indeterminate PBS. The intervention is associ-
ated with high procedural success and alters clinical out-
come compared to conventional approaches.
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Resumo

Introducao: A colangiopancreatoscopia com o Sistema de
Visualizagao Direta SpyGlass™ (SVDSG) tem vindo a ser
utilizada em centros de referéncia para aumentar a sensi-
bilidade da colangiopancreatografia retrégrada endosco-
pica (CPRE) em doentes com estenoses pancreatobiliares
(EPB) indeterminadas. Os objetivos deste estudo sao rela-
tar a experiéncia inicial com SGDVS na avaliacao de EPB
indeterminadas e discutir as vantagens associadas a esta
técnica como adjuvante a CPRE no nosso centro. Méto-
dos: A utilidade do SVDSG em doentes com EPB indeter-
minadas (definida ap6s a CPRE anterior ndo diagndstica
com citologia esfoliativa) foi avaliada num estudo de
coorte observacional prospectivo realizado numa unida-
de biliopancreatica de referenciacdo terciaria. Foi avalia-
da a acuidade diagndstica dos achados visuais do SVDSG,
bem como da biépsia guiada pelo SVDSG, o sucesso téc-
nico, a qualidade da imagem, o impacto no manejo do
doente apos o procedimento e a taxa de complicacdes.
Resultados: Foram incluidos nesta coorte 13 procedimen-
tos de SVDSG para avaliacdo de EPB indeterminadas. O
sucesso técnico, definido pela capacidade de avancar o
SpyScope até a lesao alvo, foi alcancado em todos os ca-
sos. A precisao diagnostica dos achados visuais (87.5%) foi
superior a bidpsia guiada por SVDSG (55%). Em 11 (85%)
procedimentos, a qualidade da imagem foi considerada
boa. O procedimento permitiu a exclusdo de malignidade
e consequente cirurgia em 9 doentes (69%). Ndo houve
complicagdes durante os procedimentos. No entanto, na
monitorizacdo poés-procedimento, trés doentes desen-
volveram pancreatite aguda (19%) e dois pacientes de-
senvolveram colangite aguda (13%), em ambas as situa-
¢Oes sem critérios de gravidade. Conclusdao: O SVDSG
pode ser considerado como uma ferramente util no con-
texto do EPB indeterminadas. A intervencao esta associa-
da a um alto sucesso técnico, alterando de forma mais
significativa a estratégia clinica em comparag¢do com as
abordagens convencionais.

© 2017 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Pancreatobiliary strictures (PBS) are a common find-
ing in clinical practice. While many of these strictures are
due to malignancies of the biliary tract and pancreas, up
to 30% of biliary strictures are benign [1]. The major eti-
ology of a malignant PBS includes a primary tumor or
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local extension, such as cholangiocarcinoma or pancre-
atic head cancer [2]. For further chemotherapy or radio-
therapy, tissue sampling at endoscopic retrograde chol-
angiopancreatography (ERCP) by forceps biopsy, brush
cytology, or endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) is important; however, these tech-
niques are associated with a high degree of interoperator
variability and typically have poor sensitivity and nega-
tive predictive value [3, 4].

In specialized centers, intraductal ultrasonography
and cholangioscopy are being used to direct biopsy sam-
pling and to reduce the number of false negative results
of fluoroscopic guided sampling. In this context, single-
operator cholangioscopy with SpyGlass™ Direct Visual-
ization System (SGDVS) has been evaluated in several
clinical trials [5-12]. In a meta-analysis of 10 studies, the
pooled sensitivity and specificity of SpyGlass cholangios-
copy-guided biopsies in diagnosing malignant biliary
strictures was 60.1 and 98.0%, respectively; however, the
sensitivity increases to 84.5% based on the visual cholan-
gioscopic impression [11].

Direct visualization of the biliary or pancreatic ducts
with targeted biopsies improves diagnostic accuracy of
ERCP, reducing the number of procedures and possibly
the costs associated with the workup in these patients. In
a work by Njei et al. [13], SGDVS with targeted biopsies
was the most cost-effective diagnostic strategy for the de-
tection of CCA in patients with primary sclerosing chol-
angitis among the various ERCP-based modalities.

The aims of this paper are (1) to report our initial ex-
perience with SGDVS in the evaluation of indeterminate
PBS, and (2) to discuss the improvements to ERCP
brought by this technique in our center.

Study Design

This study was designed as a prospective observational cohort
study conducted at a single tertiary biliopancreatic unit with an
overall annual volume of over 400 ERCPs. Institutional review
board approval and informed consent were obtained for the pur-
pose of this study.

Patients

Eligibility for study entry related to the need of further evalua-
tion of a PBS of uncertain clinical significance (“indeterminate
stricture”) in a multidisciplinary team consultation. All consecu-
tive eligible patients in whom the use of the SGDVS platform was
considered were registered between July and December 2015. Pa-
tient demographics, anatomical target (intrahepatic, perihilar,
common bile duct, pancreatic duct), visual impression of stenosis,
probable related adverse events, and change in clinical orientation
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Fig. 1. Biliary stricture with irregular mucosal nodularity sugges-
tive of malignancy.

after the procedure were recorded. Patients were followed up for
at least 6 months.

Procedures

All interventions were carried out by 2 (P.P. and FVB) experi-
enced endoscopists, who visualized and performed 5-10 SpyGlass
procedures to obtain and build up the necessary skills and techni-
cal experience with the platform.

All procedures were performed under general anesthesia with
orotracheal intubation. Before the procedure, patients received an-
tibiotic prophylaxis (ciprofloxacin), and in the end 100 mg of rec-
tal indomethacin were administered to prevent postprocedure
pancreatitis. Biliary sphincterotomy, if not yet performed, was car-
ried out just before the SGDVS examination.

Each procedure was performed with an Olympus TJF-160V or
TJF-Q180V duodenoscope (Olympus Medical Systems, Tokyo, Ja-
pan) along with the SGDVS and accessories (Boston Scientific
Corp, Natick, MA, USA). After initial fluoroscopic PBS character-
ization, a guidewire was introduced into the target duct, and the
single-use 10-Fr multichanneled sheath (SpyScope disposable ac-
cess and delivery catheter) was advanced proximal to the stricture.
On withdrawal, careful examination of the biliary or pancreatic
mucosa was performed and every ductal lesion was visually char-
acterized. Thereafter, and if possible, biopsy specimens (at least 4)
were obtained using the SpyBite forceps under SGDVS guidance.
An experienced pathologist evaluated all samples for adequacy. In
all the cases, the stenosis accommodated the SpyScope, so there
was no need to perform balloon dilatation prior to the cholangios-
copy or pancreatoscopy. At the end of the procedure, a stent was
inserted to ensure drainage.

Outcome and Definitions

The main study outcome was to assess the accuracy of diagno-
sis by the SGDVS visual findings and SGDVS-guided biopsy find-
ings in comparison with the final diagnosis. The secondary end
points included technical success, image quality, change in patient
management after the procedure and complication rate.

Biliary lesions were defined as malignant or benign based on
the presence or absence of the following visual findings: (1) dilated
tortuous vessels (tumor vessels), (2) intraductal mass, and (3) ir-
regular mucosal nodularity (Fig. 1). There was a case of pancre-
atoscopy that was considered benign because the patient had fi-
brotic scars suggestive of chronic pancreatitis. The final diagnosis
of malignancy was made based on positive histopathology of
SGDVS-guided biopsy or other tissue sampling procedures such
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Table 1. Patient characteristics and procedures performed with the
SpyGlass™ system

Sex
Male 10 (77)
Female 3(23)
Age, years 49+16
Procedure/indication
Cholangioscopy
Indeterminate biliary strictures 12 (92)
Pancreatoscopy
Indeterminate pancreatic stricture 1(8)
Quality of visualization
Moderate/excellent 11 (85)
Poor 2 (15)
Technical success rate 13 (100)

Dataare presented as 11 (%) or mean + SD. Biliaryand pancreatic
strictures were considered indeterminate if they remained without
diagnosis after conventional ERCP with negative or inconclusive
cytology and/or biopsy. Cholangioscopy and pancreatoscopy were
considered technically successful if the endoscopist was able to
progress with the SpyScope® to the lesion, with successful biopsies
in the case of undetermined strictures.

as brush cytology, endobiliary biopsies, EUS-FNA and surgical
specimens, or progression of disease consistent with malignancy
during the follow-up. The final diagnosis of a benign lesion was
made in the case of negative histopathology of tissue sampling and
an uneventful clinical follow-up for at least 6 months after the
SGDVS procedure.

Between July 2015 and December 2015, 16 SGDVS
procedures were performed in our institution. In 13 cases
(81%), the indication was evaluation of indeterminate
PBS (12 biliary and 1 pancreatic) after multidisciplinary
consultation in the oncologic pancreatobiliary group.
Technical success, defined by the ability to progress with
the SpyScope to the target lesion, was achieved in all the
cases. Regarding the location of the lesions, 7 were peri-
hilar, 5 in the distal common bile duct, and 1 in the pan-
creatic duct. The image quality was considered moderate
or good in 11 (85%) cases. In 2 cases, the image was con-
sidered poor mainly due to the presence of debris despite
irrigation that interfered with visualization. The baseline
characteristics of patients are summarized in Table 1.

In 4 (31%) patients, the endoscopic appearance of the
biliary strictures was considered malignant; the findings
were described as intraductal mass in 2 patients and mu-
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Table 2. Endoscopic findings and histopathological results of
indeterminate strictures

Diagnostic impression (cholangioscopy)

Benign 9 (69.3)

Malignant 4(30.8)
Endoscopic appearance (cholangioscopy)

Fibrous appearance 3(23.1)

Polypoid/tumoral lesion 4(30.8)

Inflammatory changes 4(30.8)

Normal 2 (15.4)
Histological findings

Inconclusive 5 (45.5)

Benign 5 (45.5)

Malignant 1(9)

Data are presented as n (%). Diagnostic accuracy (biopsies):
55%. Diagnostic accuracy (operator visual impression): 85%.

cosa nodularity in the other 2. The final diagnosis of ma-
lignancy was confirmed by surgical specimens in 2 pa-
tients, SGDVS-guided biopsy in 1 patient, and clinical
follow-up in 1 patient. Upon visual impression, there
were 9 (69%) lesions (8 biliary and 1 pancreatic) consid-
ered benign. None of these patients was submitted to sur-
gery, so the final diagnosis of benign lesions was estab-
lished by SGDVS-guided biopsy in 5 patients and clinical
follow-up in the other 4.

SGDVS-guided biopsies using the SpyBite biopsy for-
ceps were taken in 11 patients (85%). In 2 cases, it was not
possible to obtain biopsies because of difficulty passing
the biopsy forceps through the SpyScope due to angula-
tion.

The median number of biopsy samples collected was 3
(range 1-6). The samples obtained using the SpyBite for-
ceps were considered adequate for histological assess-
ment in 8 cases (62%); in other 3 cases, findings were con-
sidered inconclusive by inadequate sample size.

In all the 4 patients with a final diagnosis of malignan-
cy, the lesions were considered malignant according to
the SGDVS visual findings. In 3 of these patients, it was
possible to establish a histological diagnosis. In 1 patient
with clinical suspicion of perihilar cholangiocarcinoma,
it was not possible to establish a histological diagnosis by
SGDVS directed biopsies or brush cytology. The patient
was considered not suitable for surgery, and on follow-up
the progression of the lesion was consistent with malig-
nancy.

The diagnostic accuracy of the biopsies was 55%. Com-
paring the diagnostic impression given by endoscopic
features with histological findings, there was an 87.5% ac-
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curacy. Procedure-related findings are summarized in
Table 2.

There were no complications during the procedures.
However, in the post-procedure monitoring, 3 patients
developed acute pancreatitis (19%) and 2 patients devel-
oped acute cholangitis (13%). All adverse events were
considered mild.

Indeterminate PBS are frequently a diagnostic dilem-
ma in which the underlying etiology is difficult to deter-
mine even after extensive preoperative evaluation. Endo-
scopic evaluation of biliary strictures with tissue sampling
by ERCP and/or endoscopic ultrasonography remains a
mainstay in the evaluation of these lesions. Increasingly,
intraductal ultrasonography and cholangioscopy are be-
ing utilized to direct biopsy sampling. In addition, emerg-
ing technologies, including confocal laser endomicrosco-
py, fluorescent in situ hybridization, and bile duct fluid
biomarkers, offer the possibility of an increased ability to
differentiate benign and malignant lesions preoperative-
ly. Of these, cholangioscopy with SGDVS has been re-
garded as a promising tool, since it enables direct visual-
ization of the biliary and pancreatic ducts, directing biop-
sies, and using a technology that is operator friendly.

In our center, the SGDVS became available in July
2015, and 16 procedures have been performed since then.
The main indication was evaluation of indeterminate
PBS. The diagnosis of indeterminate PBS was established
in a multidisciplinary team consultation, which is a refer-
ral center in northern Portugal for treating patients with
pancreatobiliary pathology.

We achieved technical success, defined as the ability to
visualize the indeterminate lesion, in all the cases. The
good system maneuverability and the dedicated irriga-
tion system allowed a good visualization of the target le-
sion in most patients. The low technical success of the
older systems of cholangioscopy may be due to the lack
of irrigation channel, the need for 2 endoscopists (moth-
er-baby cholangioscopy), and the system rigidity that
limited overcoming seep angulations. Our technical suc-
cess rate is consistent with the first reported experience
by Chen and Pleskow [14] who described a rate of proce-
dural success of 91%, providing proof of concept that this
technique is generally applicable and overcomes some of
the limitations of the older systems of cholangioscopy.
The image quality was considered suboptimal in 2 proce-
dures. This may be due to the difficulty in removing mu-
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cus and debris in mucin-producing lesions and the lim-
ited resolution of the 6,000-pixel image bundle produced
by the SpyGlass probe. The introduction of the digital
version of the SGDVS, which enables enhanced visualiza-
tion and has a wider field of view, may improve image
quality of the system in the future [15].

In our cohort, the accuracy of visual impression was su-
perior to the diagnostic accuracy of SGDVS-guided biop-
sies. The visual impression permits looking for certain fea-
tures of cancer, enhancing diagnostic sensitivity; however,
a diagnosis solely based on visual impression seems to be
associated with a loss of specificity [16]. Using the cholan-
gioscopic criteria [17] for labelling a stricture as malignant,
we correctly identified all the patients with malignant dis-
ease and were able to exclude all patients with benign stric-
tures; however, we could only provide an adequate histo-
logical specimen for diagnosis in 8 cases (62%).

The main difficulties in obtaining a histological diag-
nosis were the inability to pass the Spybite forceps in an
angulated SpyScope and instability of the image caused
by blood and mucus adhering to the optical fiber. More-
over, the SpyBite has an outer diameter of 1 mm and al-
lows for a 4.1-mm jaw opening at 55°, which results in
small sample sizes, which makes histological examination
difficult.

Our modest diagnostic accuracy of SGDVS-guided bi-
opsies (55%) is similar to the results of a recent meta-
analysis in which SpyGlass cholangioscopy with SpyBite
biopsies produced results comparable to those of a com-
bination of standard brushings and forceps biopsies in
the diagnosis of malignant biliary strictures. Ten studies
involving 456 patients revealed a sensitivity and specific-
ity of SGDVS-guided biopsies of 60.1 and 98.0%, respec-
tively [11]. Preliminary data suggest that the diagnostic
outcomes of SGDVS-guided biopsies in indeterminate
PBS can be significantly improved by using rapid onsite
evaluation (ROSE) [18]. In our unit, we are performing
ROSE for improving the diagnostic accuracy of EUS-
FNA, and plan to use this technique in future SGDVS
procedures.

Regarding management after the procedure, all pa-
tients with a suspected malignant stricture were consid-
ered for surgery or palliative treatment. The diagnosis of
malignancy was confirmed in the 2 patients with visual
impression but no histological diagnosis. After multidis-
ciplinary team discussion, all patients with benign stric-
tures were considered for clinical follow-up, and no sur-
gery was performed. The clinical impact of SpyGlass in
our patients was particularly relevant in excluding malig-
nancy and avoiding unnecessary surgery.
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The last component of usefulness involves adverse
events and safety related to the SGDVS procedure. A 2011
study by Sethi et al. [19] reported on adverse events as-
sociated with cholangioscopy and pancreatoscopy. These
authors found an overall higher rate of adverse events
when cholangioscopy or pancreatoscopy was carried out
compared with when ERCP without these additional pro-
cedures was performed (7 vs. 2.9%, respectively). Of in-
terest, the development of procedure-related cholangitis
was specifically associated with cholangioscopy or pan-
creatoscopy. Addressing all possible adverse events, we
found procedure-related complications in 5 patients
(38%). All adverse events were considered minor, and the
patients had a clinically uneventful course. In fact, the
number of complications is greater than previously re-
ported in the literature. This may be due to the learning
curve related to the procedure, which is reflected in a lon-
ger duration of the examinations compared to conven-
tional ERCP, and an increase in papilla trauma resulting
from repeated cannulation. In addition, alonger duration
of the procedure with prolonged insufflation and vigor-
ous irrigation of the bile duct may increase the risk of
cholangitis [19]. As such, antibiotic prophylaxis, orotra-
cheal intubation, and rectal indomethacin should always
be considered for prevention of complications.

In conclusion, SGDVS is an effective adjunctive tool
with ERCP for the evaluation of PBS. The procedure is
associated with a high technical success rate and alters
clinical outcome in difficult cases with an acceptable safe-
ty profile. Given the recent introduction of an upgraded
digitalized version of SpyGlass (SpyDS), it is expected
that this technological update will improve the visualiza-
tion increasing the diagnostic accuracy in indeterminate
PBS.

This study did not require informed consent or review/approv-
al by the appropriate ethics committee.

The authors declare not to have any financial support or rela-
tionships that may pose conflict of interest.
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