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Abstract

Increases in the quality as well as utilization of cross-
sectional imaging have led to rising diagnoses of
pancreatic cystic lesions (PCL). Accurate presurgical
diagnosis enables appropriate triage of PCLs. Unfor-
tunately, current diagnostic approaches have sub-
optimal accuracy and may lead to unnecessary sur-
gical resections or missed diagnoses of advanced
neoplasia. Additionally, early detection represents an
opportunity for intervention to prevent the progression
to pancreatic adenocarcinoma. Our aim for this review
is to systematically review the current literature on
confocal endomicroscopy and molecular biomarkers in
the evaluation of PCLs. Confocal laser endomicroscopy
is a novel technology that allows for real-time /n
vivo microscopic imaging with multiple clinical trials
identifying characteristic endomicroscopy findings of
various pancreatic cystic lesions. DNA-based molecular
markers have also emerged as another diagnostic
modality as the pattern of genetic alternations present
in cyst fluid can provide both diagnostic and prognostic
data. We propose that both techniques can be utilized
to improve patient outcomes.

Key words: Pancreas; Pancreatic cyst; Pancreatic adeno-
carcinoma; Confocal endomicroscopy; Next generation
sequencing; Molecular marker
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Core tip: Current diagnostic guidelines for the evaluation
of pancreatic cystic lesions have suboptimal accuracy
and may lead to unnecessary surgical resections or
missed diagnoses of advanced neoplasia. We propose
that two new diagnostic technologies, confocal laser
endomicroscopy and DNA-based molecular markers,
may be used synergistically to improve diagnostic
accuracy. In this review, we summarize the current
literature regarding these two techniques.

Li F, Malli A, Cruz-Monserrate Z, Conwell DL, Krishna SG.
Confocal endomicroscopy and cyst fluid molecular analysis:
Comprehensive evaluation of pancreatic cysts. World J
Gastrointest Endosc 2018; 10(1): 1-9 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v10/i1/1.htm DOL: http://
dx.doi.org/10.4253/wjge.v10.il.1

INTRODUCTION

Increases in the quality as well as utilization of cross-
sectional imaging have led to rising diagnoses of
pancreatic cystic lesions (PCL) with a reported incidence
ranging from 2.4%-19.6%"7, Unfortunately, current
diagnostic approaches have suboptimal accuracy
and may lead to unnecessary surgical resections or
missed diagnoses of advanced neoplasial®. Accurate
pre-surgical diagnosis enables appropriate triage of
PCLs, allowing for surveillance of lower-risk lesions and
surgical resection of high-risk lesions. Additionally, early
detection represents an opportunity for intervention to
prevent the progression to pancreatic adenocarcinoma.
Our aim for this review is to summarize the current
literature on confocal endomicroscopy and molecular
biomarkers in the evaluation of PCLs. We propose that
both techniques can be complementary to improve
patient outcomes.

CURRENT KNOWLEDGE

Pancreatic cysts can be divided into mucinous cysts
[intraductal papillary mucinous neoplasm (IPMN),
mucinous cystic neoplasm (MCN)], non-mucinous cystic
neoplasms [serous cystadenoma (SCA), pseudocysts],
cystic neuroendocrine tumors (cystic-NETs), and solid
pseudopapillary neoplasm (SPN)®™. Each of these
lesions have unique characteristics and malignancy
potential requiring different management strategies.
The current standard of care in the evaluation
of PCLs utilizes a multimodality approach, including
clinical and radiographic assessment, Endoscopic
ultrasound (EUS)-guided fine needle aspiration (EUS-
FNA), cyst fluid analysis (i.e., tumor markers such as
CEA), and cytology. Despite these techniques, the pre-
surgical differentiation of PCLs remains challenging
with continued need for improved diagnostic accuracy.
A landmark prospective study comparing cyst fluid
CEA, cytology, and EUS showed that that cyst fluid
CEA > 192 ng/mL had a diagnostic accuracy of
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79.2%, cytology had a diagnostic accuracy of 58.7%,
and EUS morphology had a diagnostic accuracy of
50.9%"®. However, a more recent, larger multicenter
retrospective study showed that a CEA cutoff of 192
ng/mL for the diagnosis of mucinous cysts resulted in a
sensitivity of only 61%!".

In an effort to improve diagnostic accuracy, multiple
guidelines have been developed over the past decade
to assist in the management of PCLs, including the
International Consensus Guidelines (Sendai 2006, Fukuoka
2012, and 2017 revision of the Fukuoka guidelines) and
the American Gastroenterological Association (AGA) 2015
guidelines®™ . The 2006 Sendai guidelines recommended
surgical resection of any suspected MCN, main duct
IPMN, or mixed duct IPMN. Additional criteria for surgical
resection included: clinical symptoms, dilated pancreatic
duct (= 6 mm), intracystic mural nodules, or positive
cytology™®. While the Sendai guidelines have a sensitivity
approaching 100%, specificity is limited, ranging from
23%-31%"""?), In 2012, stricter surgical criteria were
developed for the revised Fukuoka guidelines for
IPMN and MCN including: pancreatic duct = 10 mm,
presence of an enhancing solid component, obstructive
jaundice with a pancreatic cyst'®. Although the Fukuoka
guidelines were more specific compared to the Sendai
guidelines, sensitivity was decreased. In a retrospective
analysis, the updated Fukuoka (2012) guidelines were
not superior to the Sendai guidelines for detection of
invasive carcinoma or high-grade dysplasia*®.

Given these limitations, the AGA introduced guidelines
in 2015 for the management of all asymptomatic
neoplastic pancreatic cysts, whereas neither the Sendai
nor the Fukuoka guidelines address the management
of non-mucinous cysts. Compared to the Fukuoka
guidelines, the AGA guidelines have a higher threshold
for both endoscopic evaluation and surgical resection.
EUS-FNA was recommended if 2 high-risk features were
present, including size = 3 cm, a dilated main pancreatic
duct, or associated solid component. Surgical resection
was recommended if a cyst had both a solid component
and a dilated pancreatic duct and/or concerning
features on EUS-FNA™., In a retrospective study of 225
patients who underwent EUS-FNA for pancreatic cysts,
applying the AGA criteria detected advanced neoplasia
with 62% sensitivity, 79% specificity, 57% positive
predictive value, and 82% negative predictive value.
Unfortunately, 45% of IPMNs with adenocarcinoma or
high-grade dysplasia were missed'".

In 2017, the International Consensus Group released
updated guidelines regarding the prediction of invasive
carcinoma and high-grade dysplasia, as well as the
surveillance and post-operative follow-up of IPMNs. In
the revised guidelines, increased serum CA19-9 and
cyst growth rate greater than 5 mm in diameter over
2 years were added as “worrisome features” for BD-
IPMN. These limitations show that current guidelines are
suboptimal to accurately diagnose PCLs and additional
imaging and molecular biomarkers are necessary to
improve diagnostic accuracy of these increasingly

January 16, 2018 | Volume 10 | Issue1 |



Li F et a/. Confocal endomicroscopy and cyst fluid molecular analysis

Table 1 Summary of major trials investigating role of endoscopic ultrasound guided needle

based confocal laser endomicroscopy in the diagnosis of pancreatic cystic lesions

Study Study outcome  Patients (17) Surgery Sensitivity Specificity Accuracy
Inspect™ Neoplastic cyst 66 14 (21.2%) 59 100 71
Detect™ Mucinous cyst 30 2 (6%) 80 100 89
Contact-1" SCA 31 7 (22.5%) 69 100 87
Contact-2" Mucinous cyst 33 9 (27.3%) 91 95 94
Index Mucinous cyst 30 22 (73.3%) 88 100 93

SCA: Serous cystadenoma.

prevalent lesions. EUS-guided needle-based confocal
laser endomicroscopy (nCLE) and pancreatic cyst
fluid molecular markers are promising new diagnostic
modalities to aid in diagnosis and management of PCLs.

Imaging biomarkers for the evaluation of pancreatic
cystic lesions

CLE is a novel technology that allows for real-time
in vivo microscopic imaging. The CLE probe can be
inserted through a 19-gauge FNA needle for real-
time microscopic examination of the pancreatic cyst
epithelium during EUS.

Multiple clinical trials have identified characteristic
nCLE findings of various pancreatic cystic lesions (Table
1). For IPMN and MCN, characteristic findings include
finger-like papillae and a single or layers of band-like
epithelium, respectively™ ", In vivo and ex vivo nCLE
findings for IPMN have been validated compared to
surgical pathology as gold standard!®. The finding
of a “superficial vascular network” or “fern pattern”
is highly specific for SCA™*?%, Pseudocysts contain
bright particles, corresponding to inflammatory cells,
against a dark background due to the lack of a true
cyst wall'*”, Cystic neuroendocrine tumors demonstrate
high cellularity demonstrating trabeculae or cords of
cells separated by fibrous bands'*®!. More rare cystic
lesions, such as those lined by squamous epithelium
(lymphoepithelial cysts) have been characterized in case
reportst**?,

The INSPECT study was a pilot to assess the
feasibility of nCLE in differentiating mucinous PCLs
and establish safety**), The DETECT study’s aim
was to identify the feasibility, safety, diagnostic yield
of cystoscopy and nCLE to diagnose PCLs using the
consensus criteria developed for the INSPECT trial. The
patients included in the study had clinical diagnoses
of IPMN, MCN, pseudocyst, lymphoepithelial cyst, and
retention cyst. The diagnosis of IPMN was supported
by the identification of finger-like papillae™!. The
CONTACT-1 trial enrolled 31 patients with solitary
pancreatic cystic lesions who underwent EUS-nCLE. The
nCLE finding of a superficial vascular network, which
correlated microscopically to a dense and subepithelial
capillary vascularization, was only seen in SCA™, The
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CONTACT-2 study identified new nCLE criteria for MCN
(epithelial bands), pancreatic pseudocysts (field of
bright particles), and cystic neuroendocrine neoplasm
(black cell clusters with white fibrous areas), which
correlated with histologic features'”.. The INDEX trial
validated the previously described nCLE findings in ex
vivo CLE of resected PCLs; demonstrated substantial
interobserver agreement for mucinous PCLs among
nCLE-naive observers; and established an “almost
perfect" interobserver agreement and intraobserver
reliability among external blinded observers for the
detection of mucinous PCLs™". Based on the above
studies and our experience, we have suggested an
algorithm for evaluation of a PCL utilizing EUS-nCLE
(Figure 1).

Pancreatic cyst fluid molecular biomarkers

Over the last decade, DNA-based molecular testing
has emerged as a potent diagnostic modality for the
assessment of PCLs. Analyzing the DNA present in
the cyst fluid for the pattern of genetic alterations
can provide both diagnostic and prognostic data
regarding likelihood of progression to pancreatic ade-
nocarcinoma>>?®,

There are three main components of molecular
analysis: DNA quantity and quality, oncogenic mutations,
loss of heterozygosity (LOH) of tumor suppressor genes.
DNA quantity is determined by spectrophotometric
analysis. By exposing the DNA sample to ultraviolet
light, a photo-detector can be used to determine the
quantity of nucleic acid in the sample. The concentration
of DNA can be determined using the optical density
ratio at a certain wavelength (260 of 280) light after
extracting DNA from fluid. In a study of 113 patients
with pancreatic cysts, elevated amounts of cyst fluid
DNA were associated with malignancy'®. Loss of
heterozygosity results in loss of the entire gene and
the surrounding chromosomal region. The detection
of LOH by using microsatellite markers closely linked
to key tumor suppressor genes correlates with gene
inactivation and mutation, resulting in loss of tumor
suppressor activity and development of malignancy™®.

Prior studies evaluating DNA testing of PCL fluid were
limited by insensitive detection strategies (conventional

January 16, 2018 | Volume 10 | Issue1 |
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Thick epithelial MCN
band
Present
Papilae [— IPMN
Papillae or
nCLE Hepithelial band
Present SCA
Vascular fern
Absent
pattern
Bright particles | | pC
Absent with dark
background

Figure 1 Algorithm for endoscopic ultrasound-guided needle-based confocal laser endomicroscopy imaging biomarker analysis for the evaluation of
pancreatic cystic lesions. nCLE: Needle-based confocal laser endomicroscopy; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm;

SCA: Serous cystadenoma; PC: Pseudocyst.

Present IPMN
GNAS
Absent MCN
Present I~ IPMN or MCN
RNF43 — IPMN
Molecular KRAS
marker
VHL SCA
Absent | GNAS — Absent
CTNNB1 | —— SPN

Figure 2 Proposed algorithm for cyst fluid molecular biomarker for the evaluation of pancreatic cystic lesions. IPMN: Intraductal papillary mucinous
neoplasm; MCN: Mucinous cystic neoplasm; SPN: Solid pseudopapillary neoplasm; SCA: Serous cystadenoma.

Sanger sequencing). The use of next-generation se-
quencing (NGS) has revealed specific molecular markers
that aid in the diagnosis of mucinous cysts as well as
detection of advanced neoplasia. NGS refers to DNA
sequencing technologies that allow sequencing of
numerous small fragments of DNA in parallel, which are
then pieced together by mapping individual reads to the
reference genome. This allows rapid sequencing of entire
genomes compared to conventional Sanger sequencing.
Whole exome and targeted sequencing studies of PCL
fluid have revealed certain mutational profiles of major
cyst subtypes as well as markers of advanced neoplasia
(high-grade dysplasia/pancreatic adenocarcinoma).

More widespread utilization of NGS is limited by
suboptimal identification of specific PCL types, including
MCN (low sensitivity) and cystic neuroendocrine tumor
(lack of DNA) as well as poor sensitivity for detection
of the VHL gene (as seen in SCAs) requiring Sanger
sequencing™®. A proposed algorithm for evaluation of
PCLs based on cyst fluid molecular markers is shown in
Figure 2.

KRAS mutations are seen in both IPMN and MCN,

JRaishideng®

WJGE | www.wjgnet.com 4

although less sensitive for detection of MCN®”., GNAS
mutations are found in IPMN but not MCN"***!, RNF43
mutations occur in 14%-38% of IPMNs™>!, VHL gene
mutations have been identified in SCA but not in other
pancreatic cystic lesions'®**, CTNNB1 gene mutations
are the most commonly seen alteration in SPN™,

Integration of imaging and molecular biomarkers for the
evaluation of PCLs

EUS guided evaluation of PCLs permits integrated
evaluation with imaging (nCLE) and molecular (cyst
fluid) biomarkers. Table 2 and Figure 3 summarize the
key imaging and molecular biomarkers for different
types of PCLs.

Types of pancreatic cystic lesions

Intra-ductal papillary mucinous neoplasm: IPMNs
are epithelial neoplasms that produce mucin. They are
classified based on involvement of the main pancreatic
duct: main duct IPMN (MD-IPMN), branch duct IPMN
(BD-IPMN), mixed (both main and branch duct) IPMN.
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Table 2 Summary of imaging (endoscopic ultrasound-needle-based confocal laser endomicroscopy) and molecular (cyst-fluid)

biomarkers characteristic of different types of pancreatic cystic lesions

IPMN MCN SCA SPN PC NEN
Imaging biomarker
nCLE patterns Finger-like Papillae"’*  Epithelial bands (single Fern pattern or Not well Bright particles Trabecular
or multiple)"” superficial vascular defined against dark pattern”!
network”*”) background!”
Rope ladder or branched Rope ladder or branched
type vascularity*” type vascularity*”
Molecular biomarker
Cyst fluid molecular KRAS, GNAS, RNF43 KRAS, RNF43 positive, VHL positive™  CTNNB1 Negative Not well
analysis positive™**!! GNAS negative™™ positive™ characterized

Cysts with advanced TP53, SMAD4, PIK3CA, TP53, SMAD4, PIK3CA,

neoplasia PTEN, CKDN2A PTEN, CKDN2A
positive®™*) positive™
p16, p53 positive™

nCLE: Needle-based confocal laser endomicroscopy; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; SCA: Serous
cystadenoma; SPN: Solid pseudopapillary neoplasm; PC: Pseudocyst; NEN: Neuroendocrine neoplasm; Advanced neoplasia: Presence of high-grade
dysplasia and/or adenocarcinoma.

Figure 3 Confocal endomicroscopy findings of various types of pancreatic cystic lesions. A: Papillae of intraductal papillary mucinous neoplasm; B: Epithelial
bands of mucinous cystic neoplasm; C: Fern pattern of serous cystadenoma; D: Bright particles against a dark background of pseudocyst; E: Trabecular pattern of
neuroendocrine neoplasm.

MD-IPMN is characterized by either segmental or IPMN is characterized by cyst diameter greater than 5
diffuse dilation of the main pancreatic duct greater mm that communicates with the main pancreatic duct.
than 5 mm without other causes of obstruction. BD- Mixed-IPMN meets criteria for both MD-IPMN and BD-
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IPMN. MD-IPMN and mixed IPMN are associated with
significantly higher incidence of malignancy compared
to BD-IPMN (60% vs 25%)P*?, They are also classified
into gastric, intestinal, pancreaticobiliary, oncocytic
subtypest?.

Patterns of papillae or epithelial bands on nCLE have
high correlation with mucinous cysts!">'”, The epithelial
bands typically seen in MCNs do not have papillary
morphology. On the other hand, IPMNs have complete
papillae™. Analysis of performance of nCLE criteria
for IPMN showed an accuracy 90%, sensitivity 80%,
specificity 92%, positive predictive value 67%, and
96% negative predictive value™”.

The oncogenic KRAS and GNAS mutations have
been extensively studied in IPMNs. The KRAS mutation
is seen in 80% of IPMNs while 65% of IPMNs have
mutations in the GNAS oncogene®®". KRAS mutations
are associated with branch duct location®®®, while GNAS
mutations are associated with main duct location®”’.
KRAS and GNAS are considered early events in the
progression to PDAC and mutations in either KRAS or
GNAS are seen in over 96% of IPMNs™?,

In addition, inactivating mutations of the tumor
suppressor gene RNF43 occur in 14%-38% of IPMNs!*>*",
Additional molecular markers present in IPMNs include
pl6 (lost earlier compared to p53), SMAD4, p53, and
TP531%>%,

IPMNs with advanced neoplasia may have TP53,
PIK3CA, PTEN, and/or AKT1 mutations®****%!, A prospective
single center study showed that a combination of KRAS/
GNAS mutations and changes in TP53/PIK3CA/PTEN
had 78% sensitivity and 97% specificity for advanced
neoplasia™. Studies combining DNA quantity, KRAS
mutations, and LOH mutations have shown variable
sensitivities: 50%™ vs 83%™"®. An additional study
found that both KRAS and LOH was present in 50%
of carcinoma or high grade dysplasia compared to 8%
of premalignant IPMNs, indicating the progression of
neoplasia may correlate with accumulation of genetic
disturbances™.

Mucinous cystic neoplasm: Like IPMNs, MCNs are
also mucin-producing epithelial neoplasms. Typically
they are located in the body or tail of the pancreas and
are not associated with the main pancreatic duct™”..
They are more commonly seen in women and typically
occur between the ages of 30 to 50 years of age™".
Microscopically, MCNs are composed of columnar
mucinous epithelium and characteristic dense ovarian-
type stroma, which express hormone receptors.

During EUS-nCLE, MCNs typically demonstrate single
or layers of epithelial bands rather than papillae™”. In a
minority of patients, some MCN show evidence of chronic
inflammation with bright fluorescent inflammatory
cells™,

Similar to IPMNs, the most common mutation
in MCNs is the KRAS gene. The prevalence of KRAS
mutations increases with the degree of dysplasia: 26%
in low-grade MCNs but 89% in advanced neoplasia®®.
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Mutations or deletions in TP53, PIK3CA, PTE, CDKN2A,
SMAD4 are associated with advanced neoplasia in
MCNPY, Unlike IPMNs, the GNAS mutation is not seen
in MCNs!*>?Y,

Although the KRAS mutation is seen in both IPMN
and MCN, it is much less sensitive for detection of
MCN (sensitivity of 14%) than IPMN®?. Other genetic
alterations in MCNs include KRAS, TP53, and SMAD4.
Additional associations with PIK3CA, PTEN, and CKDN2A
have also been published>*"%,

Serous cystadenoma

Serous cystadenomas are benign cystic neoplasms that
are more common in women™, A large retrospective,
multinational study of over 2600 patients diagnosed
with serous cystic neoplasms showed minimal risk of
clinically relevant symptoms over a three-year follow up
period. Given their lack of malignant potential, surgical
management is only needed if they are symptomatic
(causing pancreatitis or jaundice)™®.

A report from the CONTACT study identified a
superficial vascular network (subepithelial vessels uni-
formly distributed in the cyst wall) or fern pattern as a
characteristic of SCA"**!, The presence of this pattern
is highly specific for SCA. On the other hand, sensitivity
for diagnosis of SCA is low in the absence of this pattern
(69% to 75%)" 9,

VHL gene mutations have been identified in SCA cyst
fluid®? but not in IPMN, MCN, or SPN™®!, However, VHL
mutations are also seen in pancreatic neuroendocrine
tumors and are not specific to SCAs. TP53 and PIK3CA
have been rarely described. KRAS, GNAS, and RNF43
mutations, which can be seen in mucinous cysts, have

not been identified®>**".

Solid pseudopapillary neoplasm

Solid pseudopapillary neoplasms are typically well-
defined solitary lesions often found in younger women™.
Microscopically, they are composed of poorly cohesive
cells forming a mixed pattern of solid, pseudopapillary,
and hemorrhagic cystic structures®*. They do not
communicate with the main pancreatic duct and contain
myxoid stroma on cytology™*”..

The nCLE findings of solid pseudopapillary neoplasms
are not well defined due to their rarity.

Mutations of the B-catenin gene (CTNNB1) are the
most commonly seen alteration in SPN'**!, This results
in cytoplasmic and nuclear accumulation of B-catenin.
VHL, GNAS, RNF43 mutations have not been identified
in these cysts'*>?!, Therefore, the presence of CTNNB1
in the absence of KRAS, GNAS, and RNF43 mutations is
confirmatory for diagnosing SPNs'®!,

Pancreatic pseudocyst

Pancreatic pseudocysts are an encapsulated collections
of fluid with a well-defined inflammatory wall with
minimal or no necrosis®™Y, They are histologically com-
posed of fibro-inflammatory tissue surrounding necrotic
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adipocytes without epithelial lining. No vasculature is
seen because pseudocysts do not have an epithelium.
On nCLE, this is characterized by bright inflammatory
cells against a dark background™”. As pseudocysts are
not neoplastic, molecular markers related to malignancy
are not found.

Cystic neuroendocrine neoplasms

Microscopically, cystic neuroendocrine neoplasms
are characterized by a neoplastic monomorphic cell
proliferation with variations in cellular architecture.
Characteristic nCLE appearance of pancreatic neuro-
endocrine tumors have been described”". Endo-
microscopy demonstrates dark, irregular clusters or
trabeculae of compact cells (neoplastic cells) surrounded
by gray tissue (fibrovascular stroma)™”. Neuroendocrine
neoplasms have not been well characterized on
molecular studies and further research is needed.

CONCLUSION

This review summarizes the current status of new
technologies for the evaluation of PCLs including confocal
endomicroscopy and molecular markers. Both EUS-
NCLE and cyst fluid molecular analysis of PCLs represent
promising new modalities to improve the diagnostic
evaluation of PCLs by supplementing the standard
evaluation of pancreatic cysts which includes imaging
(MRI, CT) and endoscopy (EUS). Given the limitations
of current diagnostic algorithms, these imaging and
molecular biomarkers can increase diagnostic accuracy
and improve management of PCLs. Prospective
multicenter studies are needed to determine how to
integrate nCLE and molecular analysis into existing
management protocols and clinical practice. In clinical
practice, these technologies may especially be applied
in the setting of cases with diagnostic uncertainty in
order to improve accuracy and allow for appropriate risk
stratification. Expertise in these technologies may not be
widespread and referral to centers with experience may
be necessary.
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Abstract

Endoscopic ultrasonography (EUS) is considered a su-
perior investigation when compared to conventional
ultrasonography for imaging gall bladder (GB) lesions
as it can provide high-resolution images of small lesions
with higher ultrasound frequencies. Examination of GB
is frequently the primary indication of EUS imaging.
Imaging during EUS may not remain restricted to one
station and multi-station imaging may provide useful
information. This review describes the techniques
of imaging of GB by linear EUS from three different
stations. The basic difference of imaging between the
three stations is that effective imaging from station 1 is
done above the neck of GB, from station 2 at the level
of the neck of GB and from station 3 below the level of
the neck of GB.

Key words: Gallbladder; Gallbladder cancer; Gallstones;
Biliary sludge; Antrum; Duodenal bulb; Endoscopic
ultrasound

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasonography (EUS) is superior
investigation than ultrasonography for imaging gall
bladder (GB). Different techniques of imaging of GB
by EUS have been described by different authors but a
standard technique has not been specifically described.
We herein discuss the techniques of imaging of GB by
linear EUS from three different stations.

Sharma M, Somani P, Sunkara T. Imaging of gall bladder by
endoscopic ultrasound. World J Gastrointest Endosc 2018;
10(1): 10-15 Available from: URL: http://www.wjgnet.
com/1948-5190/full/v10/i1/10.htm DOI: http://dx.doi.
org/10.4253/wjge.v10.i1.10
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Table 1 Imaging of gall bladder from three stations

Station Home base structure  Main position where gall  Part of biliary tract seen on Part of biliary tract seen on anti-
bladder is seen clockwise rotation clockwise rotation
Station - 1: OG junction Joining of right branch  Beyond the curving part Upper 1/3" of CBD Neck of Gall Bladder, Fundus
of portal vein with left of portal vein between 6-8
branch of portal vein o’clock position
Station - 2: Antrum of stomach/ Portal vein, superior Between 2-4 o’clock Lower 1/3" of CBD Upper 1/3™ of CBD, neck of Gall
duodenal bulb mesenteric vein position Bladder and Fundus, left and
right hepatic duct union
Station - 3: Descending duodenum  Superior mesenteric Between 9-11 o’clock Pancreatic duct Middle and upper 1/3™ of CBD,
vein position neck of gall bladder and fundus,

left and right hepatic duct union

CBD: Common bile duct.

INTRODUCTION pr_ocess_or (Hitachi, Tokyo, Japan). The E_US,im_age
orientation on screen was as follows: Monitor’s right
Imaging modalities used in evaluating gall bladder  side corresponds to the cranial and left to the caudal
(GB) diseases include transabdominal ultrasonography end of the patient. Rotation of the echo endoscope is
(USG), endoscopic ultrasonography (EUS), computerized the most crucial aspect to GB imaging. Majority of the
tomography, and magnetic resonance imaging"*. movements are performed in a straight position of the
Although USG is considered the gold standard for GB echo endoscope, except during EUS imaging from first
imaging, in view of providing high resolution images; part of duodenum when the scope is in a J-shaped
EUS hasBl_)s]een_found to be better than USG for GB lesions  qition. Proper right/left knobs movements along with
imaging™™. Different techniques of imaging by EUS have in/out movement of the echo endoscope are utilized
been des_crlbed by Fhﬁferent authors for GB u‘_nagmg_lbut a for adequate contact with the gastrointestinal wall for
standardized technique has not been mentioned”™. In proper EUS imaging.

view of close proximity of GB to the duodenum, usually
EUS imaging is restricted to duodenum™!!. Usually,
endosonographers performs GB imaging from multiple STATIONS OF IMAGING
stations and the initial station of imaging differs among
different endosonographers!****!, The present review
elaborates the various methods of GB imaging by linear
EUS.

EUS of the GB can be done from the fundus of stomach,
duodenal bulb, descending duodenum and antrum. The
imaging from duodenal bulb and antrum are almost
similar in appearance hence the description is restricted
to three stations (Figure 1 and Table 1): (1) the fundus

APPLIED ANATOMY OF GB of stomach; (2) duodenal bulb and antrum; and (3) de-
scending duodenum.

The GB lies on the visceral surface of the liver. The
non-peritoneal upper surface of the GB is attached by . .
connective tissue to a shallow fossa on the liver located  IMaging from fundus of stomach/esophagogastric
between the right lobe and the quadrate lobe. The GB ~ Junction _

has three segments: The fundus, the body, and the left The GB lies on the far side of screen between 6 to 9
segment which is the infundibulum or neck. The fundus ~ ©'¢lock position. Movements near esophagogastric
projects beyond the inferior margin of the liver, is  junction (40 cm) should be performed under direct
covered completely in peritoneum and is in contact with vision to avoid the possibility of perforation. Initially,
the anterior abdominal wall. The body tapers towards segment 2 and 3 portal vein tributaries are identified
the neck, which lies in the porta hepatis. The neck or within the left lobe of liver. A clockwise rotation follows
infundibulum is hook-shaped and may show a pouch the tributaries which form the left branch of portal vein
like dilation toward the r|ght (Hartmann’s pouch). The (PV) Further clockwise rotation traces the left branch
neck turns sharply downward as it becomes continuous ~ Of PV towards the liver hilum where it is joined by the
with the cystic duct. The mucous membrane of the right branch of PV. After the union the supraduodenal
cystic duct is raised up into a spiral fold that consists of ~ part of PV is seen as a curving vessel going from 9/11
five to ten irregular turns; it is continuous with a similar ~ o’clock position to 4/6 o’clock position (Figure 2). The
fold in the neck of the GB. common bile duct (CBD) and GB are seen in the area
beyond the curving part of PV in the left lower quadrant
of screen (Figure 3). Initially, the CBD and neck of GB
TECHNIQUES OF IMAGING are identified just beyond the PV (Figure 4). Imaging
The images included in this review were obtained of remaining part of GB can be done by following GB
utilizing the linear echoendoscope EG-3830 UT down from the fundic part of stomach. This follow down
(Pentax, Tokyo, Japan), along with a Hitachi Avius of GB is possible due to EUS probe movement along
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RHD

LHD

Figure 1 Station 1 shows the gall bladder at around 6 o’clock position;
station 2 shows the gall bladder at around 3 o’clock position; and station
3 shows the gall bladder at around 9 o’clock position. RHD: Right hepatic
duct; LHD: Left hepatic duct; CHD: Common hepatic duct; PV: Portal vein.

Figure 2 The supraduodenal part of portal vein is seen as a curving
vessel going from 5/6 o’clock position to 9/10 o’clock position. The yellow
arrow points to the curving part of portal vein. The area marked with yellow
outline shows the area in which the CBD and Gall Bladder can be seen. 1:
Segment 1; 4: Segment 4; IVC: Inferior vena cava; CBD: Common bile duct.

the lesser curvature along with combination of three
smooth movements: (1) Pushing around 25 to 30 cm;
(2) 90 degree clockwise rotation; and (3) up movement
of up/down knob on echo endoscope for about 90
degree. This combination of movements allows smooth
pathway of EUS transducer along the lesser curvature
and follows down the GB from neck towards the fundus
of GB.

Imaging from antrum and duodenal bulb
The GB lies close to the probe between 2 to 4 o'clock
position. The imaging from the antrum is sometimes
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Figure 3 The upper part of common bile duct is first identified beyond the
curving part of portal vein. With slight rotation of the scope the cystic duct
and gall bladder can be traced in the area beyond the portal vein between 5
o'clock position to 10 o’clock position. CBD: Common bile duct; GB: Gall bladder.

Figure 4 The dilated ducts of segment 2 and 3 can be followed to
formation of left hepatic duct. The left hepatic duct joins the right hepatic duct
to form common hepatic duct. The common hepatic duct (CHD) lies beyond the
supraduodenal part of portal vein. PV: Portal vein.

Figure 5 The gall bladder imaging is done from duodenal bulb. The layers
of GB can be seen. The irregular polypoidal mass occupying the lumen is due
to adenomyomatosis of GB. GB: Gall bladder.

best done by pushing the echo endoscope from the body
of stomach towards the pylorus with a hyperinflated
balloon (Figure 5). The imaging from duodenum can be
done without a balloon by passing the scope beyond
the pylorus and pushing it into the duodenal bulb apex.
The contact with the superior and anterior duodenal

January 16, 2018 | Volume 10 | Issue1 |
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Figure 6 Gall bladder imaging from the duodenal bulb. The stones are
present in the lumen of GB. The neck of the Gall Bladder is present at 11 o'clock
position and the fundus is present at 3 o’clock position. GB: Gall bladder.

Figure 7 A stone is seen in the neck of gall bladder. These stones can be
missed by routine abdominal ultrasound. The neck of the gall bladder is present
just below the probe and the fundus is present at 3 o’clock position. PV: Portal
vein; GB: Gall bladder.

Figure 9 The neck of the gall bladder is present just below the probe and
the fundus is present at 3 o’clock position. The segment 5 duct is seen
beyond the GB. GB: Gall bladder.

Figure 10 Once the gall bladder imaging is done from duodenal bulb an
anticlockwise rotation can trace the common bile duct towards the hilum
of liver. The CHD is seen to be dividing into right and left hepatic duct. RHD:
Right hepatic duct; LHD: Left hepatic duct; CHD: Common hepatic duct.

Figure 8 The segment 5 of liver is seen beyond the gall bladder. A layer of
gall bladder (GB) sludge is seen in the lumen of GB.

wall is established after sucking the air out of the lumen
of duodenum, by turning in an anticlockwise direction
and by moving the up and down knobs generally in
a downward direction (Figures 6-10). Home base
position is identified with adequate rotation and minor
adjustments of both knobs, where the portal vein is
seen on the far side of the screen in a long axis (Figure
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Figure 11 The imaging is done from duodenal bulb and the portal vein is
identified going from 5 o’clock position to 10 o’clock position in a long axis.
The CHD is identified between the probe and portal vein. The CHD is followed up
by anticlockwise rotation and the remnant of gall bladder is seen in continuity with
CHD. CHD: Common hepatic duct; GB: Gall bladder; PV: Portal vein.

11). Clockwise rotation follows the CBD towards the
papilla and anticlockwise rotation makes the scanning
towards the liver hilum, the upper part of CBD, the
cystic duct and GB (Figures 7-9). The CBD and GB are
seen in the area between the probe and portal vein and

January 16, 2018 | Volume 10 | Issue1 |
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Figure 12 The imaging is done from duodenal bulb and the portal vein is
identified going from 5 o’clock position to 10 o’clock position in a long
axis. The CHD is identified between the probe and portal vein. The CHD is
followed up by anticlockwise rotation and the continuity into cystic duct and gall
bladder is seen. CHD: Common hepatic duct; PV: Portal vein; GB: Gall bladder.

Right
edge of
ligament

GB

- ;
Cystic duct?

Figure 13 The gall bladder imaging is done from descending duodenum
with up deflection and anti-clockwise rotation. The hepatoduodenal
ligament is identified as a bean shaped structure between the probe and liver
(shown in dotted yellow area). The CBD can be traced along the cystic duct and
the gall bladder which lies outside the right edge of hepatoduodenal ligament.
CBD: Common bile duct; GB: Gall bladder.

(€]
A

Figure 14 The gall bladder imaging is done from descending duodenum.
The hepatoduodenal ligament is identified between the probe and liver (shown
in dotted yellow area). The CBD, the cystic duct and the gall bladder are
visualized on the under surface of liver. CBD: Common bile duct; GB: Gall
bladder.

higher up between the probe and liver (Figure 12).

Roishidenge ~ WJGE | www.wjgnet.com

Figure 15 The gall bladder imaging is done from descending duodenum
with up deflection and anti-clockwise rotation. The CBD can be traced and
a stone is seen in the Cystic duct. The distended gall bladder is also visualized.
PV: Portal vein; CBD: Common bile duct.

N\
»

N~
The valve of heister

~

Figure 16 The gall bladder imaging is done from descending duodenum
with up deflection and anti-clockwise rotation. The tortuous cystic duct with
a spiral valve of Heister is seen.

Imaging from descending duodenum

The GB lies close to the probe between 8 to 11 o'clock
position. Imaging from descending duodenum requires
the entry into 2" part of duodenum followed by
shortening of scope. After entry, multiple times pushing
the scope in/out is required to place the echo endoscope
into the descending duodenum (3™ part of duodenum).
By combining three movements, i.e., slow withdrawal
up to the duodenal bulb, clockwise/anticlockwise
torque and upward movement of the up/down knobs
in third part of duodenum, there is better visualization
of lower one third of CBD. The combination of three
movements should be done with a main emphasis on
anticlockwise rotation. During this rotation the superior
mesenteric vein can be followed all the way towards
the hilum where the portal vein is seen in a rounded
axis within the hepatoduodenal ligament. The anechoic
bile duct can be identified and followed all the way to
the liver hilum (Figures 13-15). The continuity of CBD
can be seen with the cystic duct and GB. Sometimes
the valve of heister can be visualized within the cystic
duct (Figure 16).
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CONCLUSION

The techniques described in the present paper are
likely to provide the images as discussed in most of
the cases and from majority of the stations. However,
the reproducibility of the images may be compromised
in the duodenal bulb due to the variability of the scope
position and due to the balloon use. The basic concept
of GB imaging by linear EUS is simple: Station 1 shows
the GB at around 6 o’clock position, station 2 shows
the GB at around 3 o’clock position and station 3 shows
the GB at around 9 o’clock position. The difference
between the three imaging is that effective imaging in
station 1 lies above the neck of GB, in station 2 lies at
the level of the neck of GB and station 3 lies below the
level of the neck of GB. These techniques will be useful
for evaluation of different kind of pathologies of GB by
EUS[14—22].
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Abstract

AIM

To investigate whether an uncovered self-expandable
metal stent (UCSEMS) with a large diameter could
prevent recurrent biliary obstruction (RBO).

METHODS

Thirty-eight patients with malignant biliary obstruction
underwent treatment with an UCSEMS with a 14-mm
diameter (Niti-S 14). Retrospectively, we evaluated
technical and functional success rate, RBO rate, time
to RBO, survival time, and adverse events in these
patients.

RESULTS
Stent placement success and functional success were

January 16, 2018 | Volume 10 | Issue1 |



achieved in all patients. Two patients (5.3%) had RBO
due to tumor ingrowth or overgrowth. The median
time to RBO was 190 (range, 164-215) d. The median
survival time was 120 (range, 18-502) d. The 6-mo
non-RBO rate was 91%. Other adverse events other
than RBO occurred as follows: Acute cholecystitis,
post-ERCP pancreatitis, hemobilia, and fever without
exacerbation of liver injury, and liver abscess in 4
(10.3%), 3 (7.9%), 2 (5.3%), 1 (2.6%), and 1 (2.6%),
respectively. Migration of the stents was not observed.

CONCLUSION
Niti-S 14 is considered to be a preferable metal stent
because of a low rate of RBO with no migration.

Key words: Metal stent; Malignant biliary obstruction;
Pancreatic cancer; Migration; Pancreatitis; Bile duct
cancer; Overgrowth; Recurrent biliary obstruction;
Ingrowth; Adverse event

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our manuscript reports on 38 patients with
unresectable distal malignant biliary obstruction (MBO)
treated with a newly developed 14-mm diameter
Niti-S biliary uncovered metal stent. The results could
show the stent is preferable for the palliate treatment
of unresectable distal MBO because of a low rate of
recurrent biliary obstruction, no migration, a low rate
of other complications, and a high success rate of
placement.

Kikuyama M, Shirane N, Kawaguchi S, Terada S, Mukai T,
Sugimoto K. New 14-mm diameter Niti-S biliary uncovered
metal stent for unresectable distal biliary malignant obstruction.
World J Gastrointest Endosc 2018; 10(1): 16-22 Available from:
URL: http://www.wjgnet.com/1948-5190/full/v10/i1/16.htm
DOIL: http://dx.doi.org/10.4253/wjge.v10.i1.16

INTRODUCTION

Endoscopic transpapillary biliary stent placement is
an established procedure for relieving jaundice and
treating cholangitis in patients with malignant biliary
obstruction (MBO). The treatment can contribute to
the improvement of quality of life and prognosis of
patients with unresectable MBO. A plastic tube stent
had been widely used as the first generation of stent
treatment for MBO', although it had the issue of being
easily occluded due to its small diameter of 7 to 11 Fr.
In the last decade of the 20" century, a self-
expandable metal stent (SEMS) with a wider diameter
of 8 to 10 mm without being covered, i.e., an uncovered
SEMS (UCSEMS), was developed with recognition for its
efficacy in relieving jaundice with long term patency™>.
However, stent occlusion due to tumor ingrowth and
food impaction was frequently experienced and thus
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requires a solution.

A covered SEMS (CSEMS) was produced to prevent
tumor in growth through the stent mesh. The advantage
of the CSEMS was long-term patency because the
membrane could prevent tumor in growth™®; however,
this stent type could not perfectly avoid occlusion as
sludge or food impaction was encountered, or stent
migration easily occurred”. It was hypothesized
that the larger stent diameter could contribute to
maintaining a longer patency with supportive evidence
by some reports'®*?l, Recently, a CSEMS with a 12-mm
diameter, SUPREMO 12, was developed and verified
this hypothesis'™®. However, easy migration of CSEMS
remained an issue despite the larger diametert™*.

To prevent migration, an UCSEMS is preferabl
to a CEMS, because the uncovered mesh of the stent
is embedded in the bile duct wall and makes the stent
keep still. However, occlusion due to tumor in growth
remains unresolved for treatment by an UCSEMS. If
an UCSEMS stent had a larger diameter, it could be
expected to keep the bile flow despite tumor ingrowth
and maintain a longer patency and a UCSEMS with a
large diameter of 14 mm, Niti-S 14 (Taewoong Medical
CO., Ltd., Seoul, South Korea), was developed. Herein,
the efficacy and safety of the Niti-S 14 for MBO was
evaluated.

e[6,14,15]

MATERIALS AND METHODS

Study design

We retrospectively evaluated the efficacy and safety
of Niti-S 14, placed transpapillarily for consecutive and
unresectable MBO from April 2014 to May 2016 in the
following 3 institutions; Shizuoka General Hospital,
Gifu Municipal Hospital, and Hamamatsu University
Hospital. The outcome measures were rate of technical
and functional achievement, rate of recurrent biliary
obstruction (RBO)"®, time to RBO (TRBO)M®, survival
time, and stent-related adverse events. Diagnosis
of MBO was established by laboratory data, imaging
findings, and histopathological examinations. Stage
of the disease was determined by the findings of
computed tomography or endoscopic ultrasonography.

Patients

Thirty-eight patients with MBO of the middle to lower
part of the extrahepatic bile duct and expectance of
survival for longer than 2 mo underwent treatment
for MBO by Niti-S 14 placement (Table 1). Twenty-
one males and 17 females were included with median
age of 70 (range, 52-90) years. All patients had fair
activity of daily living (ECOG-PS grade 0-2). Those
with post-gastrectomy state (Billroth I or Roux-en-Y
reconstruction) were excluded from candidates for this
treatment. Causes of obstruction of the extrahepatic
bile duct were pancreatic cancer, bile duct cancer, and
metastatic lymphadenopathy in 36, 1, and 1 patients,
respectively. Thirty-seven patients belonged to the
clinical stage IV of the UICC TNM classification, and
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Table 1 Patient characteristics

n =38

Men/women 21/17
Age (yr) 70 (52-90)
PS (0/1/2) 8/21/9
Diagnosis

Pancreatic cancer 36

Bile duct cancer 1

Metastatic nodes 1
Clinical stage Il / IV 1/37
Tumor size (mm) 33 (13-70)
Length of the biliary stricture (mm) 27 (10-60)
Maximum diameter of the proximal bile duct (mm) 13.5 (7-20)

PS: Performance status.

Table 2 Results of stent placement

n (%)
Technical success 38 (100)
Functional success 38 (100)
Selected stent length (60/80 mm) 14/24 (36.8/63.2)
Endoscopic sphincterotomy 20 (52.6)
Previous drainage (RBD/NBD) 9/2(23.7/5.3)
Replacement for CSEMS 5(13.2)

RBD: Retrograde biliary drainage; NBD: Naso-biliary drainage; CSEMS:
Covered self-expandable metal stent.

the remaining one patient was stage Ill. The median
tumor size was 33 (range, 13-70) mm and the median
length of the biliary stricture was 27 (range, 10-60) mm.
The median diameter of the proximal bile duct was 13.5
(range, 7-20) mm.

Niti-S 14

Niti-S 14 is a newly developed UCSEMS with braided
structure made from nitinol, and a large diameter of 14
mm with a length of 60 or 80 mm (Figure 1). The outer
diameter of the delivery sheath was 9 Fr. A 0.035-inch
guide-wire can be used for introducing the stent into the
bile duct.

Stent placement

In all patients, Niti-S 14 was placed through the
duodenum major papilla during endoscopic retrograde
cholangiopancreatography. A 60- or 80-mm stent
length was selected according to the length of the
stricture. The distal end of the stent was placed in the
duodenum (Figure 2). Endoscopic sphincterotomy
(EST) was performed at the discretion of the operator,
mainly to avoid post-ERCP pancreatitis. The stricture
was not dilated by a balloon before stent placement.
Niti-S 14 was used as the primary treatment for MBO
in principal.

Following-up and adverse events definition
Clinical signs and symptoms and biochemical para-
meters of liver function and inflammation (aspartate
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Figure 1 Niti-S 14 appearance with a braided structure made from nitinol,
and a large diameter of 14 mm with a length of 60 or 80 mm.

transaminase, alanine transaminase, alkaline phos-
phatase, gamma glutamyl transpeptidase, total and
direct bilirubin, and C-reactive protein levels) were
evaluated at least monthly. Complications were defined
according to the Tokyo Criteria 2014™%. According to these
criteria, RBO was defined as occlusion or symptomatic
migration, and TRBO was the interval between stent
placement and RBO, which was calculated instead of
patency. The definition of post-ERCP pancreatitis (PEP)
was new or worsened abdominal pain with serum amylase
= threefold the upper limit of normal, measured > 24 h
after the procedure. Acute cholecystitis was diagnosed
when a fever > 38 °C or right upper abdominal pain
occurred with supportive imaging studies.

Statistical analysis

Stent patency duration and survival time were estimated
by the Kaplan-Meier method. Continuous variables
were analyzed using one-way analysis of variance, and
categorical and binary variables were analyzed using
Fisher's exact test. All statistical tests were two-tailed and
assessed at a 0.05 probability level. All analyses were
performed using SPSS software, version 18.0 (SPSS Inc.,
Chicago, Illinois, United States).

RESULTS

Technical and functional achievement

In all patients, stent placement was successful (technical
success rate = 100%) (Table 2). Stents with a length of
60 mm and 80 mm were selected for and placed in 14
and 24 patients, respectively. EST was performed before
placement in 20 patients (52.6%) because the orifice of
the major papilla was small with incomplete obstruction
of the main pancreatic duct by pancreatic head cancer
in 18 and without pancreatic head cancer in 2. In all
patients, total bilirubin level deceased and normalized
within 14 d and functional success (defined as 50%
decrease in or normalization of the bilirubin level within
14 d of stent placement!*) was achieved (functional
success rate = 100%). Stent placement was performed
after relieving jaundice by retrograde biliary drainage and
naso-biliary drainage (NBD) in 9 (23.7%) and 2 (5.3%)
patients, respectively, and for replacing a previously
placed CSEMS with smaller diameter due to cholangitis in
5 (13.2%).
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Table 3 Retrograde biliary drainage,

time to retrograde
biliary drainage, and survival time

n (%)
RBO 2(5.3)
Tumor ingrowth 1(2.6)
Tumor overgrowth 1(2.6)
Median TRBO (d) 190 (164-215)
Non-obstruction rates of 3, 6, 12 mo (%) 100,91, 78

Median survival time (d) 120 (18-502)

RBO: Recurrent biliary obstruction; TRBO: Time to recurrent biliary
obstruction.

Table 4 Complications other than recurrent biliary obstruction

Complications 11/38 (28.9%) Time to event (d)
Acute cholecystitis 4 (10.3) 3,32,217,487
PEP 3(7.9) 1 (each)
Hemorrhage 2(5.3) 92,119
Fever without exacerbation of 1(2.6) 1

liver injury

Liver abscess 1(2.6) 17

PEP: Post-ERCP pancreatitis; ERCP: Endoscopic retrograde cholangio-
pancreatography.

RBO, TRBO, and survival time

Two patients (5.3%) experienced RBO due to tumor
ingrowth and overgrowth just above the upper end
of the stent (Table 3). Jaundice with liver injury was
recognized on 164 d and 215 d in two patients. The
median TRBO was 190 (range, 164-215) d. RBO was
treated by placing a CSEMS endoscopically across
the obstructed biliary portion through the previously
placed Niti-S 14. In the patient with tumor overgrowth,
the Niti-S 14 was patent on endoscopic retrograde
cholangiography, and endoscopic observation revealed
coverage of the inside wall of the stent by a hyperplastic
mucosal tissue (Figure 3).

The non-obstruction rates of 3, 6 and 12 mo were
100%, 91% and 78%, respectively (Figure 4). The
median survival time was 120 (range, 18-502) d
(Figure 5).

Adverse events

Adverse events occurred in 11 patients (28.9%). RBO
was recognized in two patients (5.3%) in the manner
of tumor ingrowth and tumor overgrowth as described
above. Adverse events other than RBO occurred as
follows (Table 4): Acute cholecystitis, PEP, hemobilia,
fever without exacerbation of liver injury, and liver
abscess in 4 (10.3%), 3 (7.9%), 2 (5.3%), 1 (2.6%)
and 1 (2.6%), respectively. Stent migration was not
observed. Bile duct perforation was not experienced
despite of the large diameter of 14 mm. Acute cholecy-
stitis occurred on day 3, 32, 217 and 487 after stent
placement in four respective patients and the inflamed
and swollen gallbladder was punctured percutaneously
without placing a percutaneous drainage tube with
the infected bile aspirated from the gallbladder. PEP
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Figure 2 Stent placement of Niti-S 14 after sphincterotomy in pan-
creatic cancer. A: Endoscopic view; B: Picture of endoscopic retrograde
pancreatocholangiography.

Figure 3 Endoscopic view of the duodenal major papilla after Niti-S 14
placement. The bile duct cavity is maintained despite bile duct mucosa or
tumor growth into the stent.

was diagnosed within the day after placement but was
mild and treated by conservative ways. In 2 patients,
hemobilia was recognized by examining the cause of
hematemesis on day 92 in one and 119 in the other,
and a fully covered EMS (WallFlex stent, 10 mm X
60 mm, Boston Scientific Corp, Natick, Mass, United
States) was placed inside the 14-mm Niti-S with
achievement of hemostat. In patients with cholangitis
due to migration of a previously placed CSEMS, we
swapped the previously placed stent to the Niti-S 14
in 5 patients. Among them, one patient had persistent
high fever after replacement without cholecystitis
despite the relief of hepatobiliary dysfunction; the
patient was treated by antibiotic administration for 10
d. One patient experienced liver abscess, which was
diagnosed on day 17 because of high fever, and was
treated by percutaneous puncture with drainage tube
placement. However, the patient died the next day
due to septic shock with abscess rupture toward the
peritoneal cavity.

DISCUSSION

The ideal stent is free from occlusion, migration,
and other adverse events. Especially, occlusion and
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Figure 4 Kaplan-Meier analysis of stent patency. The non-RBO rates of 3,
6 and 12 mo were 100%, 91% and 78%, respectively. RBO: Recurrent biliary
obstruction.

migration are major problems for treating MBO by
SEMS. To resolve these complications, the 14-mm Niti-
S™ biliary uncovered-stent (Niti-S 14) was developed,
which was characterized by an uncovered feature and
a large diameter of 14 mm. On development, the
diameter of 14 mm was expected to be large enough
to prevent occlusion despite tumor ingrowth. In this
study, the results support the superiority of the Niti-S
14 with a low RBO rate, lack of migration, low rates of
other complications, and a high technical success rate.

Low RBO rate

Stent occlusion was recognized in just 2 patients (5.3%)
with Niti-S 14, and the 6-mo stent patency was 91%.
Previous reports described stent occlusion rates of
18%-38% using conventional types of UCSEMS with
a diameter of 10 mm*™*, If our result of 5.3% in
Niti-S 14 is comparable with that of previous reports,
it is because of low incidence of tumor ingrowth. In
patients with Niti-S 14, endoscopic observation of the
stent showed mucosa or tumor tissue growth into the
inside of the stent, which is the same finding observed
with the conventional type of UCSEMS, while the stent
was not occluded because the large 14-mm diameter
could maintain the stent cavity. On the other hand,
tumor overgrowth was recognized in one patient. The
length of the stent might be insufficient to prevent bile
duct obstruction due to overgrowth in patients with a
large tumor, and tumor overgrowth resulting from RBO
could be resolved by a longer Niti-S 14.

In CSEMS, stent occlusion by tumor ingrowth is
rarely experienced, while tumor overgrowth, food
impaction, and migration were relatively common
causes of stent occlusion, with reported occlusion rates
of 14%-23% in a fully-covered SEMS'®**, 5.8%-29%
in a partially covered SEMS!*®'!, and 26% in SUPREMO
12!"%, In comparing our result with those of previous
reports on CSEMS, an RBO rate of 5.3% was preferable.

Six-month stent patency was also evaluated
previously, and reported to be 78%-90%, 70%-94%,
63%-91%, and 50% in a conventional type of
UCSEMSP®'*¢ " fylly-covered SEMSs!®*®*1, partially-
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Figure 5 Kaplan-Meier analysis of survival. The median survival time was
120 d.

covered SEMS™*"”!, and SUPREMO 12, respectively.
Our result of 91% using Niti-S 14 was comparable or
superior to that of these previous studies.

No migration

Niti-S 14 is an uncovered, which is a characteristic
that prevents migration. A lack of migration also
contributes to low RBO rate. RBO in patients with
CSEMS placement was frequently due to stent
migration in previous reports!***®?%: this complication
was also observed if a partially-covered SEMS was
used™, To prevent migration, selecting a UCSEMS
may be desirable, and the other issue of tumor
ingrowth should be resolved. As mentioned above, the
large diameter of 14 mm could provide a solution for

this problem.

Low other adverse event rates

Acute cholecystitis and PEP are relatively common
adverse events after placing an SEMS with rates
of 0%-10% and 0%-8%, respectively, in previous
reports®*?* and were experienced in 10.3% and
7.9% of patients with Niti-S 14, respectively. Despite
the large diameter of the stent, the incidences were
almost equal to those of previous reports. After
placing Niti-S 14, EST was performed in 18 patients
with pancreatic head cancer or without pancreatic
head cancer in 2 for the purpose of preventing PEP,
because the main pancreatic duct was not completely
obstructed by the tumor and the orifice of the major
papilla was small. As a result, PEP occurred in 5%
of patients with EST and 11% of those without EST.
In patients with EST, the incidence of PEP tended to
be low, but it was not statistically significant. Those
results suggest that the large diameter of a stent is
not responsible for PEP and EST does not contribute
to preventing PEP. Our result of performing EST to
prevent PEP does not contradict the previous report
describing that EST does not effectively act to prevent
PEP in patients undergoing stent placement™, It is
suggested that several factors besides obstructing a
pancreatic duct orifice by a stent are responsible for PEP.
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High technical success rate

We succeeded placement of SEMS in all patients using
Niti-S 14. Despite the large diameter of the stent, the
delivery system of Niti-S 14 is thin (9 Fr) and soft. The
characteristics of the Niti-S 14 delivery system could
provide an optimal effect for endoscopic introduction
of the delivery system into the bile duct through the
duodenal papilla.

Although these preferable results were obtained
in placing Niti-S 14, our study showed that patients
undergoing Niti-S 14 placement had a shorter survival
time of 113 (range, 18-502) d compared with those of
previous reports™**>?*”, In Niti-S 14, almost all patients
had pancreatic cancer and the levels of CA19-9 tended
to be higher. This tendency might lead to shorter
survival, because, as it is widely known, pancreatic
cancer has a poor prognosis and high CA19-9 levels
indicate advanced tumor progression’®®. On the other
hand, it cannot be denied that the larger diameter were
responsible for shorter survival time. The problem of
the shorter survival time should be resolved by further
randomized control studies comparing Niti-S 14 with
other types of stent. Another problem regarding the
shorter survival time is this shorter observation time
might lead to an apparent low rate of RBO.

In our study, persistent high fever was observed
after replacing the CSEMS for Niti-S 14 because
of cholangitis due to RBO from migration. Acute
cholecystitis was not recognized in the patient. We
speculate that this complication might be induced by an
enwrapped infected bile duct epithelium, probably with
micro-abscess. Moreover, we experienced one patient
die on day 18 due to liver abscess in Niti-S 14. The
abscess was large at diagnosis, and the possibility that
the abscess had already developed by the time of stent
placement was presumed.

In conclusion, Niti-S 14 is considered to be a
preferable SEMS because of a low rate of RBO, no
migration, a low rate of other complications, and a high
success rate. However, this study is limited because
of the small number of patients and the retrospective
evaluation. Further prospective, multicenter, inter-
national double-blind controlled studies, comparing
different type of stents (e.g., UCSEMS vs partially
covered SEMS) are necessary, in order to standardize
the best drainage policy.

ARTICLE HIGHLIGHTS

Background

Recurrent biliary obstruction (RBO) due to tumor ingrowth or migration remains
to be resolved in endoscopic transpapillary biliary stent placement for malignant
biliary obstruction (MBO).

Research frontiers
It was expected that an uncovered self-expandable metal stent with a large
diameter could prevent RBO.

Innovations and breakthroughs
Niti-S 14 is a large bore and uncovered metal stent, but is safe for treatment for
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MBO and considered to be a preferable SEMS because of a low rate of RBO
with no migration.
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Abstract

AIM

To organize post-procedure satisfaction data into a useful
reference and analyze patient-centered parameters to
find trends that influence patient satisfaction.

METHODS

A robust database of two cohorts of outpatients that
underwent an endoscopic procedure at Georgetown
University Hospital at two separate three-month
intervals ranging from November 2012 to January 2013
and November 2015 to January 2016 was compiled.
Time of year was identical to control for weather/
seasonal issues that may have contributed to the
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patient experience. The variables recorded included
age, sex, body mass index (BMI), type of procedure,
indication for procedure, time of the procedure, length
of the procedure, type of prep used, endoscopist,
satisfactory score, and comments/reasons for score.
For continuous variables, differences in averages were
tested by two sample ¢-test, Wilcoxon rank sum test,
and ANOVA as appropriate. For categorical variables,
differences in proportions between two groups were
tested by »° test. Correlation test and linear regression
analyses were conducted to examine relationships
between length of procedure and continuous predictors.
A P value < 0.05 used to indicate statistically significant
relationship.

RESULTS

The primary outcome of this study was to assess if
telephone outreach after an endoscopic intervention
was a satisfactory method of obtaining post-procedure
satisfaction scores from patients at a tertiary care
center. With the addition of post-procedure calls,
instilled in January 2014, the response rate was 40.5%
(508/1256 patients) from a prior completion rate of
3.4% (31/918) with the mail out survey initially. There
was a statistically significant improved response rate
pre and post intervention with 2 < 0001. The secondary
outcome of this study was to assess if we could use
predictive analytics to identify independent predictors
of procedure length, such as gender, age, type of
procedure, time of procedure, or BMI. The combined
pre and post intervention data was used in order to
optimize the power to identify independent predictors
of procedure length. The total number of patient’s data
analyzed was 2174. There was no statistically significant
difference in procedure length between males and
females with P value 0.5282. However, there was a
small (1 min), but statistically significant difference (P =
0.0185) in procedure length based on the time of day
the procedure took place, with afternoon procedures
having a longer duration than morning procedures.
The type of procedure was an independent predictor
of procedure length as demonstrated with P value <
0.0001. There is a statistically significant correlation
between age and procedure length, although it is only
a weak relationship with a correlation coefficient < 0.3.
Contrary to patient age, BMI did not have a statistically
significant correlation with procedure length (P =
0.9993), which was also confirmed by linear regression
analysis.

CONCLUSION

Our study proves calling patients after endoscopy
improves post-procedure satisfaction response rates
and changing procedural time allotment based on
patient characteristics would not change endoscopic
workflow.

Key words: Survey; Quality improvement; Patient
satisfaction

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: We analyzed the post-endoscopy survey
system that had been implemented and largely ignored
in the past in order to understand where we are
succeeding and failing in our endoscopy suite in regards
to the overall patient experience. We also looked at
patient-centered parameters that could influence
procedure length, which is a common surrogate for
satisfaction, to reflect on current practices and allow for
process improvements in order to optimize the patient
experience in our endoscopy suite.

Munjal A, Steinberg JM, Mossaad A, Kallus SJ, Mattar MC,
Haddad NG. Post-endoscopic procedure satisfaction scores: Can
we improve? World J Gastrointest Endosc 2018; 10(1): 23-29
Available from: URL: http://www.wjgnet.com/1948-5190/full/
v10/i1/23.htm DOIL: http://dx.doi.org/10.4253/wjge.v10.11.23

INTRODUCTION

According to the recently published article, Quality
Indicators Common to All GI Endoscopic Procedurest!,
a key post-procedure quality measure should include
factors that can improve with endoscopy. It is
recognized that patient satisfaction is an important
outcome measure as it pertains to both the patient and
the endoscopy unit. Poor experiences in the endoscopy
unit may lead to non-compliance with endoscopic
screening and/or monitoring™. Quality measures are
put in place so that there is constant oversight and
evaluation of the process, guaranteeing continued
improvement. A commonly used survey known as
the modified Group Health Association of America
patient satisfaction survey (mGHAA-9) focuses on key
points throughout the patient’s experience, including,
waiting time, manners of the staff and doctor, doctor
skills and explanation of the procedure®™. Currently,
the mGHAA-9 is not in use at Georgetown University
Hospital; rather, every patient that has an outpatient
procedure receives a follow-up call asking him/her
to rank the experience on a scale of 1-3. This formal
post-procedural call system was implemented in
January 2014 and is carried out by our administrative
personnel. This data is filed in the electronic medical
record and has been largely ignored to date.

The purpose of this study is to organize the post-
procedure satisfaction data into a useful and minable
reference in order to understand our successes and
failures in our endoscopy suite. Furthermore, by looking
at various patient-centered parameters such as age,
sex, body mass index (BMI) and procedural parameters
including length of procedure, type of procedure, and
the time of day a procedure is performed, we intended
to find trends in these factors that might influence the
overall outcome. Statistical analysis of this information
will allow for reflection on current practices and lead to
process improvements in order to optimize the patient
experience in our endoscopy suite at Georgetown Univer-
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Table 1 Comparison of response rate between pre and post intervention

Characteristics Pre intervention, n = 918

Post intervention, n = 1256 P value

Response rate (satisfaction score) 31 (3.4%)

508 (40.5%) <0.0001

Table 2 Examining gender and time of procedure as independent predictors of procedure length

Female, n = 1162 Male, n = 1012

P value

Time of procedure
PM, n = 1084

AM, n = 1089 P value

Procedure length 20.6+12.1 20.9+12.6

0.5282

20.1+£11.8 21.3+12.8 0.0185

sity Hospital, and perhaps help to construct a universal
protocol that could be adopted by other institutions
nationwide that would enhance the patient experience.

MATERIALS AND METHODS

Our investigators compiled a robust database of two
cohorts of outpatients that underwent an endoscopic
procedure ranging from EGDs, colonoscopies, flexible
sigmoidoscopy, ileoscopy, single and double balloon
enteroscopies, ERCPs and endoscopic ultrasound at
Georgetown University Hospital at two separate three-
month intervals. The first was between November 1*
2012 and January 31% 2013, and the second was from
November 1* 2015 through January 31% 2016. Those
months were chosen, as they were the most up to
date in regards to available survey data at the start
of the study. The time of year remained identical to
control for possible weather/seasonal issues that may
have contributed to the patient experience. Patients’
charts were then reviewed with all personal health
information being de-identified. The variables recorded
included: Patient age, sex, BMI, type of procedure,
indication for procedure, time of day the procedure
took place, length of procedure, type of prep used (if
any), endoscopist, satisfaction score, and comments/
reasons for score (if recorded). It should be noted that
our institution adopted a post-procedure call survey
system in January 2014 to obtain patient feedback and
satisfaction scores. Prior to January 2014, the method
for attaining patient satisfaction information was via a
letter that was mailed to the patient’s home.

Our primary outcome was to assess improvement in
response rates from a mailed out survey via the postal
service to telephone outreach to assess post-procedure
satisfaction scores. The secondary analysis, and more
informative aspect of the study, was to see if the use of
predictive analytics could identify independent predictors
of procedure length, which could then be focused on
to optimize patient experience in the endoscopy unit at
this tertiary care facility.

Statistical analysis

Means and standard deviations for continuous variables
and frequencies and percentages for categorical
variables are respectively provided in the following

JBaishideng® W]GE I WWW.W].gnet.COm

tables below. For the continuous variables, differences
in the averages between two groups were tested by
two sample t-test and Wilcoxon rank sum test as
appropriate. ANOVA was used to examine differences
in the averages between three or more groups.
For categorical variables, differences in proportions
between two groups were tested by 5 test. Correlation
test and linear regression analyses were conducted to
examine the relationship between length of procedure
and continuous predictors. A P value < 0.05 was used
to determine a statistically significant relationship.

RESULTS

The primary outcome of this study was to assess if
telephone outreach after an endoscopic intervention
was a satisfactory method of obtaining post-procedure
satisfaction scores from patients at a tertiary care
center. With the addition of post-procedure calls,
instilled in January 2014, the response rate increased
to 40.5% (508/1256 patients). Prior to the calls,
the documented post-procedure satisfaction survey
completion rate via mailed out surveys was 3.4%
(31/918). With the implementation of the phone call
survey, we are able to show a statistically significant
improved response rate pre and post intervention
(Table 1).

The secondary outcome of this study was to
assess if we could use predictive analytics to identify
independent predictors of procedure length, such as
gender, age, type of procedure, time of procedure,
or BMI. The combined pre and post intervention
data was used in order to optimize the power of the
study to identify independent predictors of procedure
length which is often used as a surrogate for patient
satisfaction and can allow for changes to the work flow
within the endoscopy suite to better suit their needs.
The total number of patient’s data analyzed was 2174.
Table 2 examines independent predictors including
gender as well as timing of the procedure, particularly
morning vs afternoon. In regards to gender, there
was no statistically significant difference in procedure
length between males and females. However, there was
a small, 1-min, but statistically significant difference
in procedure length based on the time of day the
procedure took place, with afternoon procedures having
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Table 3 Comparing procedure type with length of procedure

Procedure
Colonoscopy, EGD,n = 714 EUS,n = 301 ERCP,n = 116 Enteroscopy, Flex sig, n = 20 lleoscopy, n = 6 P value
n = 981 n =36
Procedure length 22.1+10.1 18.6 £13.1 174 +£10.7 23.0+12.7 49.2+19.3 14.8£9.7 18.8 £15.2 <0.0001

EUS: Endoscopic ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography

Table 4 Mean age, body mass index, and procedure length

Variable n Mean Std Dev
Age 2174 57.97286 15.84377
Body mass index 2030 27.18420 7.01924
Length of procedure 2174 20.71665 12.31821

a longer duration than morning procedures.

As would be expected, the type of procedure
was an independent predictor of procedure length as
demonstrated in Table 3. The final two variables that
were analyzed to assess if they were independent
predictors of procedure length were age and BMI.
Table 4 shows the relationship between mean age
and BMI and length of procedure for the combined
pre and post intervention group. The average age of
patients in the study was 58 years old and average
procedure length was 20.7 min. The average BMI of
the patient population was 27. Table 5 looks at the
strength of the relationship between age and BMI and
procedure length. While there is a statistically significant
correlation between age and procedure length, it
is a weak relationship being defined as correlation
coefficients < 0.3 as weak, correlation coefficient > 0.3
but < 0.5 as moderate, correlation coefficient > 0.5
but < 0.7 as strong, correlation coefficient > 0.7 as a
perfect correlation. Contrary to patient age, BMI did not
have a statistically significant correlation with procedure
length (P value 0.9993). Linear regression analysis
also confirmed no statistically significant relationship
between BMI and procedure length (data not shown).

Figure 1 is a FitPlot of the relationship between
age and procedure length. As is shown by the positive
slope in the graph, there is a statistically significant
relationship, albeit small. Using a linear regression
analysis, the relationship between age and procedure
length was confirmed (data not shown), and it can be
concluded that for every year increase in age, there is a
0.06-min (3.6 s) increase in length of procedure.

DISCUSSION

In this retrospective study analyzing patient satisfaction
following an endoscopic procedure at a tertiary care
center, a number of statistically significant findings
were observed. Most importantly, our research
demonstrates that following the January 2014 im-
plementation of a formal post-endoscopic telephone
call to patients, patient response dramatically increased

WIJGE | www.wjgnet.com

JRaishideng®

26

from a response rate of 40.5% compared to 3.4%
initially with the mailed out survey. This finding
highlights the importance of provider-initiated follow-
up in obtaining patient feedback. Implementing this
phone call system as a means of direct communication
with patients at other locations who do not currently
utilize such a process could potentially increase
response rates in patient feedback, as was seen in our
center so that endoscopy centers, same day surgery
centers, or entire hospital systems can better meet the
needs of their patients. As our phone communication
requires live callers from our endoscopy center, a
future study to investigate whether the use of an
automated system would similarly result in increased
patient response rates, would be of particular interest
for optimum resource management. Ultimately, a
reporting system that approaches 100% response rate
should be achieved. Even with the strides made in the
implementation of post-procedure telephone calls, we
still fall far short of our goal of 100% response rate.
This may require patient’s filling out surveys prior to
discharge from the endoscopy suite, vs scheduling
early, post-procedure follow-up visits where this data
can be obtained, vs email or text message response
systems. Future studies on how best to meet the needs
of our ever-changing population are needed to identify
the best practices.

Similar studies by Rasool et al*!, Trujillo-Benavides
et al® and Qureshi et af® using the modified GHAA-9
questionnaire showed patient satisfaction rates of close
to 90%. Waiting times for the appointment, waiting
time before the procedure, and inadequate explanations
were identified as the most common reasons leading
to patient dissatisfaction. Interestingly, in a study
performed by Del Rio et al'”’, a one question survey
was administered at the end of the procedure rating
the overall performance and then the modified GHAA-9
questionnaire was used 3 wk later. The results of both
the questionnaires did not adequately correlate, which
may influence survey practices in order to improve
patient satisfaction in the future as the one question
post-endoscopic question survey is a common practice
in many universities including here at Georgetown
University. It is possible that this is related to post-
procedural complications that may occur after the
patient has left the endoscopy suite and is therefore
not reflected in the initial survey. Salmon et ai® created
a 31-item questionnaire to evaluate satisfaction in
colonoscopy. However, this was not an easily used
method for survey using telephone interviews per Del
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Table 5 Strength of relationship between age or body mass
index and procedure length

Pearson correlation coefficients, n = 2174

Age Length of procedure
Age 1.00000 0.07781
0.0003
Length of procedure 0.07781 1.00000
BMI Length of procedure
0.0003
BMI 1.00000 -0.00002
0.9993
Length of procedure -0.00002 1.00000
0.9993

BMI: Body mass index.

95% confidence limits

—Fit

B (o)) @
o o o

Length of procedure

N
o

Age

Figure 1 Fit Plot of the relationship between age and procedure length.

Rio et al”). It is important to also note that our study
included all endoscopic procedures ranging from EGDs
to balloon enteroscopies and colonoscopies, which
have significant differences in invasiveness and length
of procedure and may lead to variances in patient
satisfaction. Feedback that is provided with such
questionnaires is important in leading to improvement
in endoscopy practices in the future as it identifies
patients’ thoughts and concerns.

Further analysis in our study focused on whether
there were any independent variables that predicted
shorter length of procedure, which was used as a
surrogate outcome for patient satisfaction. Many factors
have been associated with procedure length including
agel®101  gex[®1012 pMI9 1013l quality of bowel
preparation®'t, history of prior hysterectomy™*'*,
diverticulosis™™®, constipation!®*", fellow involvement™,
lower endoscopist annual case volume™'®!, and two-
person method!” although many of these studies have
had conflicting results'®!. A few studies have shown that
patients with a lower BMI are more likely to have an
incomplete colonoscopy or longer insertion time, which
may be directly correlated to the amount of visceral fat
although our study revealed no correlation®'***), Other
factors such as the endoscopist’s skill level, instrument
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used, coordination of the team, and anesthesia
administered are also linked to procedure lengtht*®2%*
and may be confounding factors that lead to conflicting
results in prior studies. In a study performed by Hsu et
al*”, it was shown that female sex, poor quality of bowel
preparation, smaller waist circumference and older
age were predictors of a longer cecal intubation time.
The differences in sexes are thought to be secondary
to women having longer colons and less visceral fat,
which predisposes them to loop formation®**#4, In our
study, we were not able to show any such difference
between sexes. Of particular interest is the finding
that procedure length increased with patient age, with
statistical analysis showing that for every year increase
in age, there is a 0.06-min (3.6 s) increase in length
of procedure. This was ultimately determined to be a
weak relationship after further statistical analysis in our
study, Anderson et al'”, Kim et a'"! and Hsu et al'’\.
Also found that older age was associated with increased
procedure length. It has been reported that the length
of the colon increases with age causing increased
compliance and decreased elasticity likely contributing
to this association™™. When scheduling time slots for
endoscopic procedures, it would then be unreasonable to
allot more dedicated procedure time for older patients as
compared to younger patients given this small difference
in procedure time. Not surprisingly, procedure type was
an independent predictor of procedure length as is a
direct reflection of the invasiveness of the procedure.
Timing of the procedure, in particular morning vs
afternoon, also showed a statistically significant
difference in regards to procedure length. There was a
one-min increase in procedure length for procedures
completed in the afternoon. It can be postulated that
this is related to physician fatigue or overall delays that
may occur in the workflow of the endoscopy suite that
translates into delays as the day goes on. By tailoring
endoscopic services to our patients, ideally this would
improve workflow while simultaneously enhancing the
patient experience.

Limitations in this study include analyzing data at
only one endoscopic center in a retrospective fashion. As
our center is a university affiliated tertiary referral center
in @ major metropolitan area, perhaps our findings
would not be entirely generalizable or extrapolated to
other smaller, community institutions or private practices
in rural areas. As our post-endoscopic satisfaction
survey telephone calls depended on our institution’s
administrative personnel, there is also a possibility for
systems errors in accurate documentation in the EMR.
Furthermore, if an attempt was made in contacting a
patient post-procedurally was unsuccessful, it typically
was recorded as such in the EMR. Unfortunately, there
were some records that were missing entirely, and
therefore, make it unclear if any attempt was made to
call the patient. One variable that was not considered
was cost of procedure and patient insurance. Health
care disparities often drive patients’ experiences in the
health care system, and perhaps looking further into
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this topic within our own institution would prove to be an
influential factor in patient satisfaction.

In conclusion, our study proves that calling patients
after they undergo endoscopy can drastically improve
post-procedure satisfaction response rates (3.4%
increased to 40.5%). However, the ideal method of
obtaining post-procedure satisfaction responses has
yet to be implemented in our endoscopy suite. The
secondary aim of this study, to identify independent
variables that directly affect length of procedure, found
statistical significance for patient age, but interestingly,
did not find patient’s BMI to influence length of pro-
cedure. We can conclude based on our data that
changing the scheduling or time allotted for procedures
based on age or weight would not drastically change the
flow in the endoscopy suite.

ARTICLE HIGHLIGHTS

Research Background

Patient satisfaction is an important outcome measure for both the patient and
endoscopy unit. Poor experiences may lead to non-compliance with endoscopic
screening and/or monitoring. Quality measures are instated to ensure oversight
and evaluation of processes guaranteeing continued improvement. A commonly
used survey known as the modified Group Health Association of America patient
satisfaction survey (mGHAA-9) focuses on key points throughout the patient's
experience, including, waiting time, manners of the staff and doctor, doctor skills and
explanation of the procedure’. Currently, the mGHAA-9 is not in use at Georgetown
University Hospital; rather, every patient that has an outpatient procedure receives
a follow up call asking him/her to rank the experience on a scale of 1-3. This formal
post procedural call system was implemented in January 2014 and is carried out by
our administrative personnel. This data is filed in the electronic medical record and
has been largely ignored to date.

Research motivation

The purpose of this study is to organize the post-procedure satisfaction data
into a useful reference as well as analyze various patient-centered parameters
to find trends that might influence the overall outcome and lead to process
improvements in order to optimize the patient experience. Our primary outcome
was to assess improvement in response rates from a mailed out survey via
the postal service to telephone outreach to assess post-procedure satisfaction
scores. The secondary analysis, and more informative aspect of the study, was
to see if the use of predictive analytics could identify independent predictors
of procedure length, which could then be focused on to optimize patient
experience in the endoscopy unit at this tertiary care facility.

Research objectives

Our primary outcome was to assess improvement in response rates from a
mailed out survey via the postal service to telephone outreach to assess post-
procedure satisfaction scores. The secondary analysis, and more informative
aspect of the study, was to see if the use of predictive analytics could identify
independent predictors of procedure length, which could then be focused
on to optimize patient experience in the endoscopy unit at this tertiary care
facility. Statistical analysis of this information will allow for reflection on current
practices and lead to process improvements in order to optimize the patient
experience in our endoscopy suite at Georgetown University Hospital, and
perhaps help to construct a universal protocol that could be adopted by other
institutions nationwide that would enhance patient experience.

Research methods

A database of two cohorts of outpatients that underwent endoscopic procedures
at Georgetown University Hospital was compiled. Several patient-related and
procedure-related variables were recorded. For continuous and categorical
variables, differences in averages were tested by two sample t-test, Wilcoxon
rank sum test, ANOVA and ;° test as appropriate. Correlation test and linear
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regression analyses were also conducted to examine relationships between
length of procedure and continuous predictors.

Research results

With the addition of post-procedure calls, instilled in January 2014, the
response rate was 40.5%. Prior to the calls, the documented post procedure
satisfaction survey completion rate was 3.4%. There was a statistically
significant improved response rate pre and post intervention. Upon analysis of
patient-related variables, there was also a statistically significant relationship
that was seen between age and procedure length. Our study proves that calling
patients after they undergo endoscopy can drastically improve post procedure
satisfaction response rates. However, the ideal method of obtaining post
procedure satisfaction responses has yet to be implemented. The secondary
aim of this study, to identify independent variables that directly affect length of
procedure, which is often a surrogate for patient satisfaction, found statistical
significance for patient age, but not body mass index (BMI).

Research conclusions

Our research demonstrates that following the January 2014 implementation
of a formal post-endoscopic telephone call to patients, patient response
dramatically increased (satisfaction survey response rate of 40.5% compared
to 3.4%). This finding highlights the importance of provider-initiated follow-up
in obtaining patient feedback. Implementing this phone call system as a means
of direct communication with patients at other locations who do not currently
utilize such a process could potentially increase response rates in patient
feedback, as was seen in our center so that endoscopy centers, same day
surgery centers, or entire hospital systems can better meet the needs of their
patients. As our phone communication requires live callers from our endoscopy
center, a future study to investigate whether the use of an automated system
would similarly result in increased patient response rates, would be of particular
interest for optimum resource management. Ultimately, a reporting system that
approaches 100% response rate should be achieved. Even with the strides
made in the implementation of post procedure telephone calls, we still fall far
short of our goal of 100% response rate. This may require patient's filling out
surveys prior to discharge from the endoscopy suite, vs scheduling early, post
procedure follow-up visits where this data can be obtained, vs email or text
message response systems. Future studies on how best to meet the needs
of our ever-changing population are needed to identify best practices. The
secondary aim of this study, to identify independent variables that directly affect
length of procedure, which is often a surrogate for patient satisfaction, found
statistical significance for patient age, time of the day of the procedure and
type of procedure, but not BMI or sex. We can conclude based on our data
that changing the scheduling or time allotted for procedures based on these
characteristics would not drastically change the flow in the endoscopy suite.

Research perspectives

The research is able to show that following the January 2014 implementation of
a formal post-endoscopic telephone call to patients, patient response improves
dramatically. This finding highlights the importance of provider-initiated follow-up
in obtaining patient feedback. Implementing this phone call system as a means
of direct communication with patients at other locations who do not currently
utilize such a process could potentially increase response rates in patient
feedback, as was seen in our center so that endoscopy centers, same day
surgery centers, or entire hospital systems can better meet the needs of their
patients. As our phone communication requires live callers from our endoscopy
center, a future study to investigate whether the use of an automated system
would similarly result in increased patient response rates, would be of particular
interest for optimum resource management. Ultimately, a reporting system that
approaches 100% response rate should be achieved. Even with the strides
made in the implementation of post-procedure telephone calls, we still fall far
short of our goal of 100% response rate. This may require patient’s filling out
surveys prior to discharge from the endoscopy suite, vs scheduling early, post-
procedure follow-up visits where this data can be obtained, vs email or text
message response systems which should be studies in a prospective fashion.
Future studies on how best to meet the needs of our ever-changing population
are needed to identify the best practices. Limitations in this study also include
analyzing data at only one endoscopic center in a retrospective fashion. As our
center is a university affiliated tertiary referral center in a major metropolitan
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area, perhaps our findings would not be entirely generalizable or extrapolated
to other smaller, community institutions or private practices in rural areas and
should be studied in those settings in a similar fashion as ours.
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Abstract

AIM

To study and describe patients who underwent
treatment for gastric antral vascular ectasia (GAVE)
with different endoscopic treatment modalities.

METHODS
We reviewed patients with GAVE who underwent treat-
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ment at University of Alabama at Birmingham between
March 1, 2012 and December 31, 2016. Included patients
had an endoscopic diagnosis of GAVE with associated
upper gastrointestinal bleeding or iron deficiency anemia.

RESULTS

Seven out of 15 patients had classic watermelon descri-
ption for GAVE, 1/15 with diffuse/honeycomb pattern
and 6/15 with nodular GAVE per EGD description. Seven
out of 15 patients required multimodal treatment. Four
out of six of patients with endoscopically nodular GAVE
required multimodal therapy. Overall, mean pre- and
post-treatment hemoglobin (Hb) values were 8.2 +
0.8 g/dL and 9.7 £ 1.6 g/dL, respectively (P < 0.05).
Mean number of packed red blood cells transfusions
before and after treatment was 3.8 £ 4.3 and 1.2 £ 1.7
(P < 0.05), respectively.

CONCLUSION

Patients with nodular variant GAVE required multimodal
approach more frequently than non-nodular variants.
Patients responded well to multimodal therapy and
saw decrease in transfusion rates and increase in Hb
concentrations. Our findings suggest a multimodal
approach may be beneficial in nodular variant GAVE.

Key words: Gastric antral vascular ectasia; Upper GI
bleed; Radiofrequency ablation; Endoscopic band
ligation; Argon plasma coagulation

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Over the past several years, treatment for gastric
antral vascular ectasia (GAVE) has continued to evolve
and the number of available treatments has continued
to increase. However, the optimal treatment of GAVE is
currently unknown and there currently aren't any studies
comparing every modality. However, it is becoming
apparent that patients with severe, diffuse or refractory
disease require multimodal therapy. Our case series
not only shows that but also that patients specifically
with nodular variant GAVE require and respond well to
multimodal therapy.

Matin T, Naseemuddin M, Shoreibah M, Li P, Kyanam Kabir
Baig K, Wilcox CM, Peter S. Case series on multimodal
endoscopic therapy for gastric antral vascular ectasia, a tertiary
center experience. World J Gastrointest Endosc 2018; 10(1):
30-36 Available from: URL: http://www.wjgnet.com/1948-5190/
full/v10/i1/30.htm DOI: http://dx.doi.org/10.4253/wjge.v10.i1.30

INTRODUCTION

First described in 1953 by Rider et al'l, gastric antral
vascular ectasia (GAVE) is now a well-recognized
cause of chronic upper gastrointestinal bleeding
(UGIB) accounting for 4% of non-variceal UGIB"* and
an important cause of chronic iron deficiency anemia.
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Endoscopically, GAVE can appear as organized red
spots emanating radially from the pylorus (watermelon
stomach), arranged in a diffuse manner (honeycomb
stomach), or as nodules™. Histologically, GAVE appears
as ectatic mucosal capillaries with fibrin thrombi,
spindle cell formation and fibrohyalanosis'. Immuno-
histochemical staining for CD61, a platelet marker,
further confirms a diagnosis of GAVE"™!. GAVE has
been associated with cirrhosis, chronic kidney disease,
diabetes mellitus, autoimmune diseases, hypothyroidism,
bone marrow transplant and left ventricular assist
devices®®, Over the past two decades, many therapeutic
options have been implemented for treatment of GAVE
including surgical, medical and endoscopic therapies.
Data is emerging on the resolution of GAVE following
liver transplant in cirrhotics'®. Endoscopic therapies have
rapidly become the mainstays of first line therapy namely
with argon plasma coagulation (APC) as the most
common modality and more recently with radiofrequency
ablation (RFA) using Halo® catheter™ and endoscopic
band ligation (EBL) both of which have been shown to
be safe and effective for GAVE treatment™*'", The latter
two have been utilized in treatment of severe, diffuse,
APC refractory GAVE™*?, Furthermore, there has been
the advent of BARR y Through The Scope technique
(Covidien, TTS-1100) for RFA, which posits some
advantages over the traditional Halo™ system. Despite
these advances, the best therapeutic approach has yet
to be defined. This case series describes patients who
underwent treatment for GAVE with TTS-RFA alone
or part of a multimodal approach incorporating other
methods such as APC and EBL (Figure 1). We believe
that the multimodal approach may be appropriate for
certain subsets of patients, namely patients with severe
nodular GAVE.

MATERIALS AND METHODS

We reviewed patients with GAVE who underwent treat-
ment at University of Alabama at Birmingham (UAB)
between March 1, 2012 and December 31, 2016.
Included patients had an endoscopic diagnosis of
GAVE with associated UGIB or iron deficiency anemia.
Medical history including demographic data and chronic
medical conditions associated with GAVE were collected.
Patients receiving transfusions for other issues outside
of GAVE (i.e., for surgeries) were excluded.

Outcomes

The primary outcomes measured included number of
packed red blood cells (pRBC) transfusions required
and hemoglobin (Hb) concentrations 6 mo prior to
and after initiation of treatment, either with TTS-RFA
alone or multimodal therapy. In case of patients in the
multimodal group, the same variables were collected 6
mo before and after initiation of an alternative modality
(APC, EBL or TTS-RFA). Secondary outcome measures
included adverse events, post-treatment adverse
events, and number of hospitalizations at University of
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Figure 1

Figure 2 White light endoscopy.

Alabama (UAB).

Technique

Informed consent was obtained from all patients prior
to the procedure. All antiplatelet/anticoagulant therapy
was discontinued prior to the procedure. High-resolution
endoscopy was performed using white light endoscopy
(Figure 2) as well as narrow band imaging. Focal
ablation was performed using TTS-RFA catheter. The
catheter, consisting of 15.7 mm X 7.5 mm transparent
electrode array, was passed through the 2.8 mm
working channel of the endoscope. The electrode was
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the placed in opposition of the GAVE lesions and two
consecutive pulses of energy at settings 12-15 J/cm?,
40 W/cm?® were delivered. Circumferential ablation of
antral lesions was achieved using the external rotatory
function of the catheter (Video 1). Repeat endoscopies
and RFA was performed at intervals of 6-8 wk until all
lesions appeared healed.

Statistical analysis

Frequencies (%) were used for categorical variables.
For continuous variables, mean = SD was used. Non-
parametric, matched pairs, two-tailed Wilcoxon signed
rank tests were used to assess differences in pRBC
transfusions before and after treatment. Paired T
test was used to compare pre and post treatment Hb
concentrations. All the analysis were conducted with
SAS 9.4 (Cary, NC, United States) and P < 0.05 was
considered statistically significant.

RESULTS

Fifteen patients were included in this case series Table
1 describes the demographics. The mean patient age
was 62.9 + 8.7 (range 46-79). Seven out of 15 were
women (47%). Included patients underwent a mean of
2.7 £ 1.8 TTS-RFA sessions. TTS-RFA was performed
in all patients without adverse events. In addition to
TTS-RFA, 7/15 (47%) patients required multimodal
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Table 1 Patient demographics, medical history and gastric antral vascular ectasia characteristics

Patient Age Sex Race GAVE associated Description Biopsy confirmed?  ASA On Sedation MELD-Na
conditions anticoagulation? used
1 65 F w Cirrhosis Watermelon N 3 No MAC 15
2 58 M w Cirrhosis Watermelon N 3 Yes MAC 17
3 75 F B LVAD Watermelon Y 4 No MAC n/a
4 55 M w Cirrhosis, DM Nodular N 3 No MAC 15
5 79 E w Hypothyroidism Watermelon Y 3 No MAC n/a
6 65 F w Cirrhosis Nodular Y 3 No MAC 11
7 70 F B Hypothyroidism ~ Watermelon Y 2 No MAC n/a
8 53 M w Cirrhosis Watermelon N 3 No MAC 26
9 70 M W DM Diffuse N 4 Yes MAC n/a
10 46 F w CKD Nodular Y 3 No MAC n/a
11 60 M W DM Watermelon N 4 No MAC n/a
12 68 F W Cirrhosis, DM Watermelon N 8 No MAC 18
13 59 M \ Cirrhosis, DM Nodular N 2 No MAC 14
14 62 M W Cirrhosis, DM, Nodular N 4 Yes MAC 25
LVAD
15 58 M W Cirrhosis, DM Nodular Y 3 No MAC 23

GAVE: Gastric antral vascular ectasia; F: Female; M: Male; LVAD: Left ventricular assist device; DM: Diabetes mellitus; CKD: Chronic kidney disease;
Y: Yes; N: No; ASA: American Society of Anesthesiologists score; MAC: Monitored Anesthesia Care; MELD-Na: Model for end-stage liver disease-with
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Figure 3 Number of transfusions (A) and mean hemoglobin (B) in 6-mo period
pre- and post-treatment for gastric antral vascular ectasia. HGB: Hemoglobin.

approach with APC and/or EBL as well. Average amount
of hospitalizations prior to first intervention was 1.4 +
1.3 and average after initial intervention was 1.1 £ 1.4
(P > 0.05). Average time between initial intervention
and second intervention was 2.35 £ 2.27 mo. Overall,
mean pre- and post-treatment Hb values were 8.2 + 0.8
g/dLand 9.7 £+ 1.6 g/dL, respectively (P < 0.05) (Figure
3A). Mean number of pRBC transfusions before and
after treatment was 3.8 £+ 4.3 and 1.2 £ 1.7 (P < 0.05),
respectively (Figure 3B).
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In patients who were primarily treated with TTS-RFA
(patients 1-8, n = 8), mean number of sessions was 2.8
+ 1.5. Mean number of transfusions was reduced from 3.0
+2.7to 1.2 £ 1.9 (P > 0.05). Mean Hb increased from
8.3+ 1.0g/dLt0 9.9 £ 1.2 g/dL (P > 0.05). In patients
who required multimodal therapy (patients 9-15, n = 7),
mean number of TTS-RFA, APC and EBL sessions was
29 £ 2.0, 2.9 £ 3.1 and 1.6 £ 2.2, respectively. The
mean number of transfusions decreased from 4.9 £ 5.7
to 1.3 £ 1.7 (P > 0.05) and the mean Hb increased from
8.1 £ 0.7 g/dL to 9.5 £ 2.1 g/dL (P > 0.05). Overall, 8
out of 15 patients were weaned off transfusions (53%)
entirely at 6-mo follow-up (Figure 4) and 13/15 saw a
decrease in requirements (87%). Only one out of the 15
saw an increase in requirements, while 2 had no change
in requirements.

Seven out of 15 patients had classic watermelon
description for GAVE, 1/15 with diffuse/honeycomb
pattern and 6/15 with nodular GAVE per EGD description.
Four out of six of patients with endoscopically nodular
GAVE required multimodal therapy. Of the 7 patients
requiring multimodal therapy, 4 (57%) had nodular
GAVE. Three of these four patients were completely
weaned off transfusions in the post-treatment period.

DISCUSSION

GAVE is an important cause of chronic anemia’. Th-
ough, often asymptomatic and an incidental finding, it
can lead to chronic transfusion dependence!®!. Over the
past several years, treatment for GAVE has continued to
evolve as the number of available effective therapeutic
interventions has increased. These included: YAG laser,
APC, EBL, cryotherapy and surgical anterectomy (Figure
5)[10131351  APC is most commonly used but has been
associated with sepsis, post-APC bleeding, gastric outlet
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Figure 4 Transfusion free survival curve.

obstruction and increased incidence of hyperplastic
polyps!*® 8, Recently, the BARR x Halo® system
(Covidien, Sunnyvale, CA, United States), which mounts
on to the tip of the standard endoscope, has been
successfully used for treatment of GAVE™*?®, Given the
fixed positioning of the electrode, the Halo™ catheter
requires removal of the endoscope for rotation of the
electrode for exact apposition to the mucosa. Repeated
intubations are cumbersome and can increase the risk
of adverse events, including gastroesophageal junction
laceration®,

The newly introduced TTS-RFA is an improvement
over the Halo®™ system as it enables the endoscopist
to reach all areas of the antrum by internally rotating
the catheter without having to remove the endoscope.
While it does have a reduced ablative area (1.2 cm?)*%,
it delivers up to 120 pulses per session compared to
80 pulses delivered by the Halo®™ systems. While TTS-
RFA is an effective treatment for GAVE, it may not be
sufficient to some subgroups of patients.

EBL has lately been demonstrated as a good
alternative to APC especially in refractory cases of GAVE
and has been found to have a similar safety profile and
per Zepeda’s randomized controlled time performed
better than APC!*'?%,

The optimal treatment for GAVE is still unknown and
currently there are no studies comparing every modality.
However, it is becoming more apparent that patients with
more severe, diffuse or refractory GAVE would benefit
from multimodal therapy™*®.,

From our review, our numbers indicate that patients
undergoing single modality treatment with TTS-RFA
and multimodality treatment had overall increase in
mean Hb concentrations and decreased transfusion
requirements in the 6 mo following treatment.

Interesting, of the 6 patients described as having
nodular GAVE, 4 required multimodal therapy suggesting
perhaps the multimodal approach should be applied to
this newly described variant. Outcomes were favorable
with multimodal approach in this group showing
increased Hb and decreased transfusion requirements.
Increased Hb concentrations and subsequent decreased
transfusion requirements together decrease patient
costs with fewer hospitalizations related to anemia and
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Figure 5 Suggested flow chart for treatment algorithm. GAVE: Gastric
antral vascular ectasia; APC: Argon plasma coagulation; RFA: Radiofrequency
ablation; EBL: Endoscopic band ligation. Can consider radiofrequency ablation
as first line therapy as well for watermelon and diffuse type.

outpatient costs. We did not see a statistically significant
decrease in hospitalizations in our case series and this
may be due to a myriad of factors including the fact
that hospitalizations may be due to another of patients’
comorbidities. Also, it is difficult to attain data on
number of hospitalizations outside of our facility.

There are several limitations to the conclusions
that can be drawn from this study that need to be add-
ressed. First, this is a small, single center, single operator,
retrospective study. Second, GAVE was not confirmed on
biopsy on all patients. Third, this study is observational
and cannot ascertain if any one therapy is superior over
other modalities as study design was not to compare
modalities. Lastly, patients were followed for a period
of 6 mo after the initiation of treatment While the data
is promising, it is not clear if GAVE lesions recur or if
patients have worsening anemia after our follow-up
period of 6 mo.

In conclusion, patients with nodular variant GAVE
required multimodal approach more frequently than non-
nodular variants. Patients responded well to multimodal
therapy and saw decrease in transfusion rates and
increase in Hb concentrations. Our findings suggest a
multimodal approach may be beneficial in nodular variant
GAVE.

ARTICLE HIGHLIGHTS

Research background

At present, optimal treatment of gastric antral vascular ectasia (GAVE) is
unknown but it is apparent that severe cases require multimodal therapy. The
newly discovered nodular variant, from our study, appears to more often require
multimodal therapy.

Research motivation

GAVE is an important cause of chronic anemia and can lead to chronic blood
transfusion dependence. Having effective treatment is an important for patient
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quality of life.

Research objectives

Main objectives were to study patients presenting with GAVE and chronic
anemia and following outcomes based on type of GAVE as well as type of
intervention.

Research methods

We reviewed patients with GAVE who underwent treatment at University of
Alabama at Birmingham. Included patients had an endoscopic diagnosis of
GAVE with associated upper gastrointestinal bleeding or iron deficiency anemia.
Medical history including demographic data and chronic medical conditions
associated with GAVE were collected. Patients receiving transfusions for other
issues outside of GAVE (i.e., for surgeries) were excluded.

Research results

Seven out of 15 patients had classic watermelon description for GAVE,
1/15 with diffuse/honeycomb pattern and 6/15 with nodular GAVE per EGD
description. Seven out of 15 patients required multimodal treatment. Four out of
six of patients with endoscopically nodular GAVE required multimodal therapy.
Overall, mean pre- and post-treatment hemoglobin (Hb) values were 8.2 £
0.8 g/dL and 9.7 + 1.6 g/dL, respectively (P < 0.05). Mean number of pRBC
transfusions before and after treatment was 3.8 £ 4.3and 1.2 + 1.7 (P < 0.05),
respectively.

Research conclusions

Patients who received TTS-radiofrequency ablation and patient with multimodal
therapy, both had decrease in transfusion requirements and improvement in
mean Hb. Our study found that patients with nodular variant GAVE tended to
require multimodal therapy more frequently. We believe patients with nodular
variant GAVE would benefit from a multimodal approach.

Research perspectives

Lessons learned from this study include importance of larger study population.
Future directions include involving larger patient pool and possibly attempting a
prospective approach based on suggested algorithm.
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Abstract

AIM
To investigate the impact of endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA) and positron
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emission tomography-computed tomography (PET-
CT) in the nodal staging of upper gastrointestinal (GI)
cancer in a tertiary referral centre.

METHODS

We performed a retrospective review of prospectively
recorded data held on all patients with a diagnosis
of upper GI cancer made between January 2009 and
December 2015. Only those patients who had both a
PET-CT and EUS with FNA sampling of a mediastinal
node distant from the primary tumour were included.
Using a positive EUS-FNA result as the gold standard
for lymph node involvement, the sensitivity, specificity,
positive and negative predictive values (PPV and NPV)
and accuracy of PET-CT in the staging of mediastinal
lymph nodes were calculated. The impact on thera-
peutic strategy of adding EUS-FNA to PET-CT was
assessed.

RESULTS

One hundred and twenty one patients were included.
Sixty nine patients had a diagnosis of oesophageal
adenocarcinoma (Thirty one of whom were junctional),
forty eight had oesophageal squamous cell carcinoma
and four had gastric adenocarcinoma. The FNA results
were inadequate in eleven cases and the PET-CT
findings were indeterminate in two cases, therefore
thirteen patients (10.7%) were excluded from further
analysis. There was concordance between PET-CT and
EUS-FNA findings in seventy one of the remaining one
hundred and eight patients (65.7%). The sensitivity,
specificity, PPV and NPV values of PET-CT were 92.5%,
50%, 52.1% and 91.9% respectively. There was
discordance between PET-CT and EUS-FNA findings
in thirty seven out of one hundred and eight patients
(34.3%). MDT discussion led to a radical treatment
pathway in twenty seven of these cases, after the final
tumour stage was altered as a direct consequence
of the EUS-FNA findings. Of these patients, fourteen
(51.9%) experienced clinical remission of a median of
nine months (range three to forty two months).

CONCLUSION

EUS-FNA leads to altered staging of upper GI cancer,
resulting in more patients receiving radical treatment
that would have been the case using PET-CT staging
alone.

Key words: Endoscopic ultrasound; Oesophago-gastric
cancer staging; Oesophageal cancer; Positron emission
tomography-computed tomography; Mediastinal nodes

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have found that positron emission
tomography-computed tomography (PET-CT) in the
setting of upper gastrointestinal cancer has a high
sensitivity and negative predictive value, but has poor
specificity and positive predictive value for the detection
of malignant mediastinal lymph nodes. This could lead
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to many patients being over-staged by PET-CT alone.
The use of endoscopic ultrasound-guided fine-needle
aspiration of mediastinal nodes results in more patients
being offered radical therapy.

Harrington C, Smith L, Bisland J, Loépez Gonzalez E, Jamieson
N, Paterson S, Stanley AJ. Mediastinal node staging by positron
emission tomography-computed tomography and selective
endoscopic ultrasound with fine needle aspiration for patients
with upper gastrointestinal cancer: Results from a regional centre.
World J Gastrointest Endosc 2018; 10(1): 37-44 Available from:
URL: http://www.wjgnet.com/1948-5190/full/v10/i1/37.htm
DOI: http://dx.doi.org/10.4253/wjge.v10.i1.37

INTRODUCTION

The optimal management of oesophageal or oesophago-
gastric junctional cancer relies on accurate staging to
ensure that patients are directed towards the most
appropriate treatment pathway for their stage of
disease. Surgical resection for patients with localised
disease offers the best outcomes with five year survival
rates of 17%-47%"". It is particularly important to
ensure that the nodal staging is as accurate as possible
in these patients so that patients with incurable disease
avoid radical surgical or oncological therapy but are
offered a palliative approach. It is equally important
that potentially curable patients are not incorrectly
thought to have incurable disease.

Several imaging modalities are available and when
used in combination, provide the most accurate stag-
ing in upper gastrointestinal (GI) cancer. The 2011
United Kingdom joint medical, surgical and oncology
guideline advised that positron emission tomography-
computed tomography (PET-CT) imaging should be used
in combination with standard computed tomography
(CT) and upper GI endoscopic ultrasound (EUS) in the
assessment and staging of oesophageal and oesophago-
gastric junctional cancer'®. However in the era of
relatively widespread use of PET-CT in this setting, the
exact role of EUS remains unclear™.

EUS has proven accuracy in both the assessment of
tumour depth (T staging) and the extent of local nodal
involvement (N stage) for patients with oesophageal
and oesophago-gastric junctional cancer®®. Standard
EUS nodal imaging criteria suggestive of malignant
lymphadenopathy include node size, border, shape and
echogenicity. However, in practice, malignant lymph
nodes rarely exhibit all of these characteristics and even
with all four characteristics suggestive of malignancy,
accuracy is sub-optimal®**!, To address this issue, other
imaging techniques including tissue elastography and
strain ratio have been used to help differentiate between
benign and malignant mediastinal lymph nodes in upper
GI cancer'****, However tissue acquisition by EUS-FNA
remains the optimal way to assess a (non-peritumoural)
node for malignant involvement.
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Figure 1 Positron emission tomography-computed tomography image.
Positron emission tomography (PET)-computed tomography image of PET
positive lower oesophageal tumour with uptake in the primary tumour and also
in high paratracheal and coeliac nodes.

PET-CT imaging has been shown to be more
accurate than PET alone in loco-regional nodal staging
of oesophageal cancer®. PET-CT is also superior
to both PET and CT alone in the detection of distant
metastases!”*®, It also has the potential to alter the
staging and management of 12%-18% of patients™**".
However, it is well recognised that non-malignant
processes such as inflammation can result in false
positive findings which will affect the specificity of PET-
CT in this setting. The false positive rate of PET-CT has
been quoted as between 1.5% and 7.5% in upper GI
cancer™?¥, It has also been suggested that this may
be an underestimate as positive findings are not always
evaluated further®!. However some studies have
reported excellent specificity figures for PET-CT in this
setting®®®*,

The aim of this study was to analyse the results and
concordance of PET-CT and EUS-FNA in the staging of
mediastinal lymph nodes in one tertiary referral centre,
and to assess the impact of EUS-FNA on deciding the
final therapeutic pathway.

MATERIALS AND METHODS

Patients
This was a retrospective single centre study. Glasgow
Royal Infirmary is a regional tertiary referral centre for
EUS staging of upper GI cancer. Using a prospectively
collected database, we reviewed the electronically
held case records of all patients with a diagnosis of
oesophago-gastric cancer who underwent PET-CT
and EUS-FNA of at least one mediastinal lymph node
between the 1% January 2009 and 31* December
2015. For each identified patient, we reviewed the
PET-CT radiology report, the EUS-FNA procedure
report and cytology report in addition to the final
agreed therapeutic pathway after the conclusive multi-
disciplinary team meeting.

Cases were described as PET-CT positive if me-
diastinal lymph node(s) demonstrated mild, moderate
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Figure 2 Endoscopic ultrasound-guided fine-needle aspiration image.
Endoscopic ultrasound-guided fine-needle aspiration of a high mediastinal node
in upper Gastrointestinal cancer.

or high FDG uptake on imaging as described in the
radiology report. PET-CT negative cases were those
cases that demonstrated no uptake in any mediastinal
lymph nodes. PET-CT indeterminate cases were those
who demonstrated minimal FDG uptake and were
excluded from further analysis.

Following PET-CT imaging, all of our patients
proceeded to have EUS-FNA within (a maximum of) 4 wk,
but within 10-14 d for the vast majority. After MDT
discussion, mediastinal nodes of concern distant from
the primary tumour were targeted for FNA sampling
(Figures 1 and 2).

EUS-FNA positive cases were defined as those
whose cytology reports confirmed the presence of
malignant cells in the sampled lymph node consistent
with origin from their primary upper GI cancer. EUS-
FNA negative cases were defined as those reported by
the cytologist to show no evidence of malignant cells,
together with benign lymphocytes consistent with
lymph node sampling indicating an adequate specimen.
Samples that did not meet either of these criteria
were deemed to be insufficient for diagnosis and were
excluded from further analysis.

Using a positive EUS-FNA result as the gold standard
for lymph node involvement, we calculated the
sensitivity, specificity, positive and negative predictive
values (PPV and NPV) and accuracy of PET-CT in the
staging of mediastinal lymph nodes. We also reviewed
the final tumour stage and patient outcomes to
determine the influence that EUS-FNA had in the cases
where there was discordance between the PET-CT and
EUS-FNA findings.

Instruments and technique

Staging EUS was undertaken by one of three
experienced endosonographers (SP, NJ, AJS) using a
Pentax linear £ radial echoendoscope, attached to a
Hitachi EUB-8500 ultrasound processor. Standard EUS
grey-scale images of suspicious lymph nodes were
obtained and conventional characteristics of nodal size,
shape, distinction of border and density were recorded.
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Table 1 Patient characteristics

Table 2 Breakdown of results of positron emission tomo-
graphy-computed tomography and endoscopic ultrasound-
guided fine-needle aspiration

Gender, 1 (%)

Male 91 (75.2)
Female 30 (24.8)
Primary diagnosis, 1 (%)
Oesophageal adenocarcinoma 38 (31.4)
Oesophago-gastric junctional adenocarcinoma 31 (25.6)
Oesophageal squamous cell carcinoma 48 (39.7)
Gastric adenocarcinoma 4(3.3)
Excluded patients 13
EUS-FNA inadequate 11
PET-CT indeterminate 2

EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration; PET-CT:
Positron emission tomography-computed tomography.

EUS-FNA was performed using a Cook™ 22 gauge
needle (Figure 2). A minimum of three samples were
obtained by standard technique, stored in cytolite then
sent to the laboratory for later cytological analysis by
specialist pathologists.

Statistical analysis

A cytological report describing evidence or absence of
malignancy in a sample consistent with lymph node
sampling was used as the gold standard for analysis. We
were then able to calculate the concordance of results
between EUS-FNA and PET-CT. We also calculated the
sensitivity, specificity, PPV and NPV of PET-CT in the
identification of malignant mediastinal lymph nodes in
patients with upper GI cancer.

RESULTS

One hundred and twenty one patients were identified
in the study period (Table 1). Ninety one (75.2%)
were male and thirty (24.8%) were female. The FNA
sample was described as inadequate for analysis by
the cytologist in eleven cases (8.9%) and the PET-
CT findings were indeterminate in two cases (1.7%).
These thirteen cases were excluded from further
analysis. For the remaining one hundred and eight
patients, sixty two had a histological diagnosis of
adenocarcinoma (Thirty had oesophageal, twenty eight
had junctional and four had gastric adenocarcinoma)
and forty six had oesophageal squamous cell
carcinoma. Of all these patients, thirty seven were
positive on both PET-CT and EUS-FNA and thirty four
were negative on both PET-CT and EUS-FNA, giving
an overall concordance of 65.7%. The sensitivity,
specificity, PPV and NPV results of PET-CT were 92.5%,
50%, 52.1% and 91.9% respectively.

Thirty four (31.5%) patients had positive PET-
CT findings but negative EUS-FNA cytology and
three (2.8%) patients had negative PET-CT findings
and positive EUS-FNA cytology (Table 2). There
were therefore thirty seven patients with discordant
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PET-CT positive PET-CT negative
EUS-FNA positive 37 (34.3%) 3 (2.8%)
EUS-FNA negative 34 (31.5%) 34 (31.5%)

EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration; PET-CT:
Positron emission tomography-computed tomography.

findings. The final treatment decision was unknown in
five patients due to the majority of their management
being undertaken at another health board, having been
referred to our unit for EUS. For the remaining thirty
two patients with discordant results, MDT discussion led
to a radical treatment pathway in twenty seven, after
the final tumour stage was altered as a consequence
of the EUS-FNA findings. In all but one case this was
due to downgrading of tumour stage as a result of
a negative EUS-FNA in the setting of a positive PET-
CT, however in one case the final tumour stage was
upgraded due to a positive EUS-FNA but negative PET-
CT result. Five patients were directed to a palliative
management strategy (Table 3).

When all one hundred and eight cases were taken
into consideration, EUS-FNA led directly to an alteration
in clinical stage and subsequent clinical management in
twenty seven (25%) patients.

In the group of twenty seven patients with discordant
results who received radical treatment, six (22.2%) had
progression of their disease whilst receiving treatment.
Eleven developed progressive disease after completion
of treatment at a median of nine months (range three
to forty two months). Four patients remained in clinical
remission post completion of radical treatment, although
one of these patients died from urinary sepsis two years
after completion of therapy. The median duration of
clinical remission for the fifteen patients (55.6%) who
experienced this was nine months (range three to forty
two months).

One patient initially accepted radical treatment
but refused further treatment after one cycle of neo-
adjuvant chemotherapy. One other patient was not fit
to have surgical resection after completing neo-adjuvant
chemotherapy due to deterioration of other medical
comorbidities rather than disease progression. The follow-
up records after radical treatment were not available in
four patients (Table 4).

We also analysed the data on the basis of histological
subtype. For the forty six cases with oesophageal
squamous cell carcinoma, nineteen were positive on
both PET-CT and EUS-FNA and fourteen were negative
on both investigations, resulting in a concordance of
71.7%. In the sixty two cases with adenocarcinoma
(which includes oesophageal, junctional and gastric
adenocarcinoma), eighteen were positive on both PET-
CT and EUS-FNA and twenty were negative on both
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Table 3 Multidisciplinary team decision in discordant cases

Table 4 Outcomes after radical treatment in discordant group

Radical treatment 27
Palliative care 5
Unknown 5)

investigations, resulting in a concordance of 61.3%.

DISCUSSION

Upper GI cancer is a significant public health issue,
accounting for 4% of cancers diagnosed in the United
Kingdom. The most recent Cancer Research United
Kingdom statistics from 2014 report an age standardised
incidence of oesophageal cancer of 15.2 per 100000.
The corresponding figure for gastric cancer was 11.4 per
100000 population, giving an overall incidence of upper
GI cancer of 26.6 per 100000 population®*¥, In recent
years, there has been an increase in the use of PET-CT
for clinical staging®. Its role in this setting however is
controversial® !, We devised this study to assess the
impact of EUS-FNA in conjunction with PET-CT in the
staging of patients with upper GI cancer.

We have found that PET-CT has 92.5% sensitivity for
the detection of metastatic mediastinal lymphadenopathy
in the setting of upper GI cancer. However, this is offset
by poor specificity at 50%, leading to false-positive
mediastinal nodes and the danger of over-staging upper
GI cancer with PET-CT. Therefore EUS-FNA appears to
have a critical role in confirming whether suspicious
nodes identified on PET-CT have malignant involvement,
in order to optimise staging of this disease. We feel
that this is the most significant and clinically relevant
finding of this study. The addition of EUS-FNA to PET-
CT appears to lead to more accurate staging with the
result of more patients being offered potentially curative
treatment. After MDT discussion, EUS-FNA led to altered
tumour stage and subsequent clinical management in
25% patients.

Our findings contrast with several previous studies
which reported lower sensitivity but higher specificity
rates for the detection of malignant mediastinal
lymph nodes by PET-CT34, The interpretation of a
positive mediastinal lymph node on PET-CT imaging
in these studies seems to have been the same as
our interpretation in that any FDG uptake beyond
background level was considered significant. The
reasons for our different findings remain unclear and
require further study.

We looked in detail at the subgroup of 34 patients
who had PET-CT positive, EUS-FNA negative nodes.
Perhaps unexpectedly, we found that the majority
(n = 22) of these patients demonstrated moderate
or high (rather than just mild) uptake. The reasons
for this finding are unclear, but do not suggest over-
interpretation of low PET avidity.
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n=27
11

Radical treatment

Disease progression after completion of treatment
Disease progression whilst receiving treatment
Clinical remission after completion of treatment
Death from other cause whilst in remission
Consent for radical treatment withdrawn

Had neo-adjuvant chemo but not fit for surgery
Unknown

I NG SV e N

Perhaps unexpectedly, we found three cases that
had PET-CT negative but EUS-FNA positive nodes. All of
these cases had adenocarcinoma; two were junctional
and one case had oesophageal adenocarcinoma. Inter-
estingly, we found that one of these cases displayed
conventional EUS appearances of malignancy despite
negative PET-CT appearances.

Upon analysis of our findings specifically in the
context of histological subtype, we found that the
concordance rate between PET-CT and EUS-FNA was
71.7% in those with oesophageal squamous cell car-
cinoma compared to 61.3% in those with adenocar-
cinoma. A recent paper which evaluated the extent of
FDG uptake by malignant lymph nodes in the context of
lung cancer found no significant difference on the basis
of histological subtype (Which included adenocarcinoma
and squamous cell carcinoma)®. We could not find any
similar study which addresses this issue in the context
of upper GI cancer. This is an area that requires further
study.

Our study has several limitations. Firstly, this was a
study which required us to access notes and electronic
data retrospectively, albeit from a prospectively
collected database. For some patients, all of the clinical
information was not available because they received
their follow-up care outside our tertiary referral centre,
where the central staging investigations, including EUS
and PET-CT, were performed. Secondly, the interpretation
of mediastinal nodal involvement and designation of
patients as either PET-CT positive or negative was a
subjective judgement based on the radiological report
rather than the maximum standardised uptake valves
(SUVmax), which was only available in a minority of
these reports. We agree that such data would be useful
for future studies. Thirdly, the duration of follow-up was
variable for each patient, although the minimum follow-
up for all patients was 6 mo. This relatively short period
of follow-up for some patients means that it is difficult
to compare longer term survival outcomes with those
reported in other studies. Finally, we accept that PET-
CT and EUS-FNA are indirect ways of assessing for
malignant involvement of mediastinal lymph nodes in
the setting of upper GI cancer and that the most certain
way to do this is by surgical resection. Unfortunately
however, only a minority of our cases proceeded to
surgical resection whereas they all had PET-CT followed
by targeted mediastinal node sampling by EUS-FNA.
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The lack of surgical findings is a weakness of our study
but it is reflective of our experience within our tertiary
referral centre within the study period.

In conclusion and in the context of widespread
use of PET-CT, we suggest that EUS-FNA remains an
important diagnostic tool to optimise mediastinal nodal
staging in upper GI cancer. Use of this modality ensures
that patients are not potentially overstaged by PET-
CT, and allows them to be directed to the appropriate
therapeutic pathway after MDT discussion.

ARTICLE HIGHLIGHTS

Research background

Upper Gl cancer accounts for 4% of cancers diagnosed in the United Kingdom
and as such is a significant public health issue. Surgical resection of the primary
tumour and any involved lymph nodes results in the best outcomes. For this
to be possible however, the surgical team must be confident that the disease
is localised. Accurate pre-operative tumour staging is therefore paramount
before any decisions regarding treatment are undertaken. In keeping with other
organ systems, tumour staging of the upper digestive tract follows the TNM
(Tumour, Node, Metastasis) system. The nodal staging of upper Gl cancer has
been an area of controversy. The 2011 United Kingdom joint medical, surgical
and oncology guideline advised that positron emission tomography-computed
tomography (PET-CT) imaging should be used in combination with standard
computed tomography (CT) and upper Gl endoscopic ultrasound (EUS) in the
assessment and staging of oesophageal and oesophago-gastric junctional
cancer. However in the era of relatively widespread use of PET-CT in this
setting, the exact role of EUS remains unclear.

Research motivation

Several studies have assessed the role of PET-CT in the nodal staging of upper
Gl cancer. Most studies agree that PET-CT has high levels of sensitivity in the
detection of malignant mediastinal lymph nodes. However, it is well documented
that non-malignant processes such as inflammation can result in false positive
findings which will adversely affect the specificity of PET-CT in this setting. The
false positive rate of PET-CT has been quoted as between 1.5% and 7.5% in
upper Gl cancer. It has also been suggested that this may be an underestimate
as positive findings are not always evaluated further. We performed this study
to evaluate the performance of PET-CT in this setting within our centre and to
compare this with the findings from other centres.

Research objectives

The first objective of this project was to evaluate the sensitivity, specificity,
positive predictive value and negative predictive value of PET-CT in the
detection of malignant mediastinal lymph nodes in the setting of upper Gl
cancer within the authors’ tertiary referral centre. The second objective was
to evaluate the impact on subsequent therapeutic strategy that the addition of
EUS-FNA had in these patients.

Research methods

The authors performed a retrospective review of prospectively recorded data
held on all patients with a diagnosis of upper gastrointestinal (Gl) cancer made
between January 2009 and December 2015. Only those patients who had both
a PET-CT and EUS with FNA sampling of a mediastinal node distant from the
primary tumour were included.

Research results

The authors found that EUS-FNA leads to altered staging of upper Gl cancer,
resulting in more patients receiving radical treatment that would have been the
case using PET-CT staging alone. The authors found that EUS-FNA resulted
in altered tumour staging and subsequent management in 25% of cases
included in this study. The authors were also interested to find that the rate of
concordance of PET-CT and EUS-FNA findings was dependent on the tumour
histological subtype. There was a 71.7% rate of concordance in cases with
squamous cell carcinoma compared with 61.3% concordance in cases with
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adenocarcinoma. The reasons for this are unclear and this is therefore an area
that requires further study.

Research conclusions

The authors suggest that EUS-FNA remains an important diagnostic tool to
optimise mediastinal nodal staging in upper Gl cancer. Use of this modality
ensures that patients are not potentially overstaged by PET-CT, and allows
them to be directed to the appropriate therapeutic pathway after MDT
discussion. Therefore EUS-FNA appears to have a critical role in confirming
whether suspicious nodes identified on PET-CT have malignant involvement, in
order to optimise staging of this disease. The authors feel that this is the most
significant and clinically relevant finding of this study.

Research perspectives

The authors’ findings contrast with several previous studies which reported
lower sensitivity but higher specificity rates for the detection of malignant
mediastinal lymph nodes by PET-CT. The interpretation of a positive mediastinal
lymph node on PET-CT imaging in these studies seems to have been the
same as our interpretation in that any FDG uptake beyond background level
was considered significant. The reasons for our different findings remain
unclear and require further study. The authors also found that the rate of
concordance between PET-CT and EUS-FNA findings was greater in patients
with squamous cell carcinoma than in those with adenocarcinoma (71.7% and
61.3% respectively). The authors could not find any study which addresses this
area in the context of upper Gl cancer specifically. This is therefore an area that
requires further study.
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Abstract

AIM

To evaluate the best management of plastic stents in
patients with choledocholithiasis who were unfit for
endoscopic stone removal or surgery.

METHODS

Between April 2007 and September 2017, 87 patients
(median age 83.7 years) with symptomatic choledo-
cholithiasis were treated with insertion of 7-Fr plastic
stents because complete endoscopic stone retrieval was
difficult, and their general condition was not suitable
for surgery. Seventy of these patients agreed to regular
stent management and stent exchange was carried out
at every 6 mo (Group A, 7 = 35) or every 12 mo (Group
B, n = 35). The remaining 17 patients did not accept
regular stent exchange, and stents were replaced when
clinical symptoms appeared (Group C). We evaluated
the frequency of biliary complication and stent patency
rate during follow-up periods.

RESULTS

The patency rate of biliary plastic stents was 91.4%
at 6 mo (Group A) and 88.6% at 12 mo (Group B),
respectively. Acute cholangitis occurred in 2.9% of
Group A patients and in 8.6% of Group B patients. In
Group C, median stent patency was 16.3 mo, and stent
exchange was carried out in 70.6% of cases because
of acute cholangitis or obstructive jaundice. Although a
high incidence of acute cholangitis occurred, there was
no biliary-related mortality.

CONCLUSION
Plastic stent exchange at 12-mo intervals is considered
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a safe procedure for patients with choledocholithiasis.
Long-term biliary stenting increases biliary com-
plications, but it can be an acceptable option for select
patients who are medically unfit for further invasive
procedures.

Key words: Acute cholangitis; Endoscopic retrograde
cholangiopancreatography; Stent exchange; Plastic
stent; Biliary stenting

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Adequate management of plastic stents for
choledocholithiasis was evaluated. Stent exchange
was carried out at every 6 mo (Group A), every 12 mo
(Group B) or on demand (Group C). The stent patency
rates were 91.4% for Group A and 88.6% for Group
B, respectively. In Group C, median stent patency was
16.3 mo, and stent exchange was required in 70.6%
of patients. There was no biliary-related mortality.
Although 12 mo is considered a safe interval for plastic
stent exchange, long-term biliary stenting can be
an acceptable option for selected patients who are
medically unfit for further invasive procedures.

Tohda G, Dochin M. Management of endoscopic biliary stenting
for choledocholithiasis: Evaluation of stent-exchange intervals.
World J Gastrointest Endosc 2018; 10(1): 45-50 Available from:
URL: http://www.wjgnet.com/1948-5190/full/v10/i1/45.htm
DOIL: http://dx.doi.org/10.4253/wjge.v10.i1.45

INTRODUCTION

Endoscopic biliary sphincterotomy with stone
removal is the gold standard for the treatment of
choledocholithiasis. In the case of difficult biliary
stones, various approaches such as mechanical
lithotripsy, electrohydraulic lithotripsy, laser lithotripsy,
and extracorporeal shock wave lithotripsy have been
used for stone extraction'. Although most common
bile duct stones can be treated successfully by
conventional endoscopic procedures, in cases where
endoscopic stone removal has failed, surgery must
be considered as a next step. However, in elderly
patients with serious comorbidities and higher surgical
risks, plastic stent placement could be an alternative
treatment to surgery. In these cases, the principal aim
of biliary stenting is to avoid acute cholangitis, which
can progress to sepsis.

With the progressive increase in the elderly popu-
lation, endoscopic biliary stenting is widely used as a
safe approach for the management of choledocholi-
thiasis'®!. However, there are complications, such as stent
occlusion and migration®*, after stent implantation.
The longer the stents are in place, the more likely stent-
related complications such as obstructive jaundice
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and acute cholangitis are to happen. According to a
previous report™, the mean complication rate was
22.4% (0%-64%), and the biliary-related mortality rate
was 3.5% (0%-21.1%) after plastic stent replacement.
Although the optimal time for biliary plastic stent
exchange has not yet been established, a standard
type of polyethylene stent patency is approximately
3 mo™®. Therefore, 3-6-mo intervals for plastic stent
exchange have commonly been recommended. How-
ever, it is difficult for elderly patients with numerous
comorbidities to follow the recommendation for further
biliary stent exchange in such a short period. In the
present study, we evaluated the adequate intervals for
biliary stent exchange as a treatment for patients with
choledocholithiasis.

MATERIALS AND METHODS

Study design

Only patients with difficulty of complete endoscopic
stone retrieval by conventional endoscopic lithotripsy
were eligible for participation in this study. These
patients had multiple large stones and/or difficult
anatomy after abdominal surgery. From Aril 2008
to September 2017, 87 patients (37 male/50
female; median age 83.7 years) with symptomatic
choledocholithiasis who were not suitable for repeated
endoscopic lithotripsy and for surgical procedures
because of multiple comorbidities were treated with
the insertion of 7-Fr biliary plastic stents. Among
these, 70 patients received regular stent exchange at
every 6 mo (Group A, n = 35) or every 12 mo (Group
B, n = 35). They were divided into odd (Group A) and
even numbers (Group B) taken from their medical
chart. The remaining 17 patients did not accept the
recommendation of regular stent exchange (Group
C). In this group, we simply observed their conditions
until any biliary-related symptom appeared, and
stent exchange was carried out only when the onset
of a clinical suspicion of stent blockage (i.e., acute
cholangitis or obstructive jaundice). After obtaining
ethical approval from the Institutional Review Board
of our institution, we conducted a retrospective review
of medical records of patients. The main outcomes
were the stent patency rate and frequency of stent-
related complications, especially acute cholangitis.
The diagnosis of all patients was based on symptoms,
blood tests and imaging modalities. Acute cholangitis
was diagnosed according to The Tokyo Consensus
Meeting criteriat”.

Endoscopic procedure

Before performing ERCP, informed consent was
obtained from each patient and/or caregiver. All endo-
scopic procedures were performed under moderate
sedation by giving intravenous injections of midazolam
and pethidine hydrochloride. All patients underwent
continuous monitoring by electrocardiogram and pulse
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oximetry and received 2 L/min of oxygen through a
nasal cannula throughout the endoscopic procedure.
The straight type of plastic biliary stents (7 Fr diameter,
Boston Scientific Japan) were routinely used for biliary
drainage. The length of the stent was routinely 7 cm,
but it varied depending on the patients’ anatomic
characteristics. After plastic stent were inserted, all
patients and/or their caregivers received oral and
written instructions about further biliary stent mana-
gement.

Statistical analysis

Various parameters were compared between Group
A and Group B. Continuous variables with normal
distributions were compared by two-sample t-test.
Mann-Whitney U test was used for the comparison
of continuous variables with skewed distributions.
The 42 test or Fisher’s exact test was used for cate-
gorical variables as appropriate. P-values of 0.05
or less were considered statistically significant. All
statistical analyses were performed using the EZR™®
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan, version 1.32), which is a graphical
user interface for R (the R Foundation for Statistical
Computing, Vienna, Austria). More precisely, it is a
modified version of R commander that was designed to
add statistical functions frequently used in biostatistics.

RESULTS

In this study, 87 patients with a high surgical risk,
for whom it was not possible to completely remove
biliary stones using conventional endoscopic lithotripsy,
were included. Characteristics of Groups A and B are
shown in Table 1. There were no significant differences
between the two groups in age, sex, frequency of
periampullary diverticulum, reasons for endoscopic
stone removal failure, and median follow-up period.
Stent patency in Groups A and B is shown in Table 2.
Plastic stents were changed at scheduled intervals in
91.4% (32 of 35) of patients in Group A and 88.6% (31
of 35) of patients in Group B. In Group A, stents were
changed prior to schedule (6 mo) in 3 cases because
of stent occlusion (n = 1) or migration (n = 2), while
4 cases required stent exchange prior to schedule
(12 mo) in Group B, due to stent occlusion (n = 3) or
migration (n = 1). Acute cholangitis occurred in 2.9%
of patients in Group A and 8.6% of patients in Group B.

Characteristics of Group C (stent exchange on
demand) are summarized in Table 3. During the
follow-up periods, plastic stent exchange was carried
out in 70.6% (12 of 17) of patients in this group
because of stent-related biliary complications (Table 4).
Indications for stent exchange were acute cholangitis
(35.3%, n = 6), obstructive jaundice (23.5%, n = 4)
or liver dysfunction (11.8%, n = 2). The median stent
exchange interval was 16.3 mo (interquartile range
12.7-21.2 mo).
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Sphincterotomy was undergone by 83.9% (73
of 87) of patients before the insertion of the biliary
stent. In the remaining patients, sphincterotomy was
not carried out because of the presence of a large
periampullary diverticulum (n = 11) or continuous anti-
coagulant therapy (n = 3). All 10 cases with acute
cholangitis in this study improved with antibiotics and
prompt biliary stent exchange. Although 1 case of acute
cholangitis progressed into septic shock, the patient
recovered within 7 d. There was no mortality related to
biliary complication.

DISCUSSION

Endoscopic biliary lithotripsy has been established as a
gold standard for the treatment of choledocholithiasis.
However, complete stone clearance is not feasible in
some cases. Multiple large stones, stone impaction,
and difficult anatomy after abdominal surgery
are significant predictors for failure of endoscopic
lithotripsy. If endoscopic stone removal attempts have
failed, surgical procedures such as sphincteroplasty
and/or choledochoduodenostomy are required.
However, elderly patients with multiple comorbidities
tend to be poor candidates for invasive surgery. In
these cases, to avoid the onset of biliary complication,
especially acute cholangitis, biliary stenting could be
an alternative option.

The principal aim of this study is how to manage
biliary stents in patients with choledocholithiasis for
whom previous endoscopic lithotripsy had failed and
who were medically unfit for surgery. According to
previous studies'*®®, plastic stents should be exchanged
within 3-6 mo to prevent later complications, such
as acute cholangitis. Di Giorgia et al'”! evaluated 78
patients with biliary stenting for choledocholithiasis.
They compared two groups as follows: Scheduled
stent exchange vs stent exchange on demand. They
suggested that the best way to prevent acute cholangitis
was to change the plastic stent every 3 mo. Although
plastic stent exchange within 3-6 mo is commonly
advocated, it is too difficult for elderly patients with
numerous comorbidities to undergo an ERCP in such
a short period. In the present study, we attempted
to define the best intervals for stent exchange for
choledocholithiasis and planned plastic stent exchange
at every 6 mo (Group A) or every 12 mo (Group B).
Stent exchange prior to schedule was required in 8.6%
of patients in Group A and 11.4% of patients in Group
B. Li et ai' evaluated 50 patients with biliary stenting
for choledocholithiasis and reported that stent patency
rates were 94% at 6 mo, 79% at 12 mo, and 58% at
24 mo. Slattery et af*! analyzed stent patency rates of
201 patients with choledocholithiasis, and their results
were 93.5% at 6 mo and 81.9% at 24 mo. Our results
are similar to those of these reports. High stent patency
rates at 12 mo in our study suggest that short-term
plastic stent exchange is not always necessary.
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Table 1 Characteristics of patients who underwent regular stent exchange, 7 (%)

Group A (n = 35) Group B (n = 35) P value

Stent-exchange schedule 6 mo 12 mo
Age, yr 82.9 (77-87) 84.4 (76-89) NS
Sex, male/female 15/20 16/19 NS
Periampullary diverticulum 7 (20.0) 8(22.9) NS
Sphincterotomy 30 (85.7) 29 (82.9) NS
Post-ERCP pancreatitis 1(2.9) 1(2.9) NS
Reason for endoscopic stone removal failure

No. of stones 16 (45.7) 14 (40.0) NS

Size of stones 17 (48.6) 18 (51.4) NS

Anatomical difficulty 2(5.7) 3(8.6) NS
Follow-up periods, mo 27.3 (12-40) 26.5 (14-37) NS

Continuous variables are expressed as median (interquartile range). Categorical variables are expressed as numbers. ERCP: Endoscopic retrograde
cholangiopancreatography; NS: Not significant.

Table 2 Stent patency of patients who underwent regular stent exchange, 7 (%)

Group A (n = 35) Group B (7 = 35) P value

Stent-exchange schedule 6 mo 12 mo
Stent patency at scheduled time 32 (91.4) 31 (88.6) NS
Stent exchange prior to schedule 3(8.6) 4 (11.4) NS
Details of stent troubles

Stent occlusion 1(2.9) 3(8.6) <0.05

Stent migration 2 (5.7) 1(29) NS
Acute cholangitis 1(2.9) 3(8.6) <0.05
Biliary-related mortality 0 0 NA

NS: Not significant; NA: Not available.

Table 3 Characteristics of patients who underwent stent Table 4 Stent patency of patients who underwent stent
exchange on demand, » (%) exchange on demand, n (%)
Group C (n = 17) GroupC (n = 17)
Age, yr 84.1 (76-90) Stent-exchange cases 12 (70.6)
Sex, male/female 6/11 Indication for stent exchange
Periampullary diverticulum 4 (23.5) Acute cholangitis 6 (35.3)
Sphincterotomy 14 (82.3) Obstructive jaundice 4(23.5)
Post-ERCP pancreatitis 0 Liver dysfunction 2 (11.8)
Reasons for endoscopic stone removal failure Details of stent troubles
No. of stones 9 (52.9) Stent occlusion 10 (58.8)
Size of stones 6 (35.3) Stent migration 2 (11.8)
Anatomical difficulty 2 (11.8) Duration of stent patency 16.3 (12.7-21.2)
Reasons for rejecting scheduled stent exchange Biliary-related mortality 0
Cardiovascular diseases 4 (23.5)
Stroke sequelae 4(235) Continuous variables are expressed as median (interquartile range).
Age factors 3 (17.6)
Dementia 3 (17.6)
Malignancy 3 (17.6) High incidence of acute cholangitis (35.3%) was seen
Follow-up periods, mo 24.8 (14-32)

in Group C. Sepsis due to acute cholangitis was seen
in 23.5% (4 of 17) of patients in Group C, but all cases
recovered with prompt stent exchange and antibiotics.
There have been several studies regarding long-term
biliary stenting for choledocholithiasis™'***, Ang et
al™ evaluated 83 patients with choledocholithiasis

Patients were instructed regarding the possible  treated with long-term biliary stenting and found biliary
complications of delayed stent replacement and the  complication in 34% of patients and acute cholangitis

Continuous variables are expressed as median (interquartile range).
Categorical variables are expressed as numbers. ERCP: Endoscopic
retrograde cholangiopancreatography.

necessity of regular stent exchange, but some patients  in 24% of patients. Bergman et a/''* analyzed 58
or their caregivers did not accept the recommendation.  patients with choledocholithiasis and permanent biliary
In this study, 17 patients refused regular stent ex- stenting; acute cholangitis was seen in 36% of patients,
change (Group C) because of their serious conditions. and the mortality rate related to biliary complication
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was 16%. Pisello et a® reported on 30 patients with
choledocholithiasis and long-term biliary stenting; late
complications occurred in 34% of patients, and the
mortality rate related to biliary complication was 6.6%.
Slattery et ai*"! reported on 201 patients with long-term
biliary stenting for choledocholithiasis. According to
their report, the frequencies of acute cholangitis (2.9%)
and obstructive jaundice (8%) were significantly lower,
and median stent patency (59.6 mo) was significantly
longer than in other reports. They insisted that their
superior stent patency was attributable to adequate
sphincterotomy at the initial stent placement and
attempts for partial duct clearance in all cases.

In the present study, rates of acute cholangitis in
Group A (2.9%) and B (8.6%) were lower than we had
estimated. When stents were exchanged at scheduled
intervals, sludge occluded the stent lumen or adhered to
the stent in 12 cases in Group A and 16 cases in Group
B. However, most of these cases showed no signs of
biliary obstruction. In these situations, bile duct patency
is maintained by the bile drain mechanism around
the stent. Moreover, even if the plastic stent becomes
occluded, a clogged stent would have the potential
to keep common bile duct stones from impacting. In
the present study, we used plastic stents with a 7Fr
diameter. We believe that stent diameter is not relevant
to stent patency if adequate sphincterotomy was carried
out. Regarding the migration of plastic stents, it was
seen in only 5.7% (5 of 87) of patients. This might be
because biliary stones stabilized the plastic stent inside
the common bile duct and prevented stent migration.

According to previous studies™ ', the size of biliary
stones decreases after plastic stent placement, and
long-term stenting offers the possibility of complete
stone elimination. In contrast, it has also been reported
that long-standing biliary stents consequentially
increase the risk of formation of biliary stones. The
sphincter of Oddi functions as a mechanical barrier
preventing the regurgitation of duodenal contents into
bile duct. Therefore, lost sphincter of Oddi function
results in bacterial growth in the bile duct by ascending
infection and results in formation of brown pigment
stones!®?®, Sohn et a/*! reported that most cases
of acute cholangitis after long-term biliary stenting
occurred due to the development of brown pigment
biliary stones. They suggested that biliary stents
themselves could serve as the nidus for stone formation
and development. In the present study, stone clearance
was obtained in 5 patients (14.3%) from Group A and
in 4 patients (11.4%) from Group B after repeated stent
exchange. The mean period for stone clearance was
659 days in Group A and 718 d in Group B. However,
significant stone growth also appeared in 2 patients
(5.7%) in Group B and 3 patients (17.6%) in Group
C (these data are not shown in the table). Our clinical
data suggest that biliary stenting for choledocholithiasis
could assist in subsequent biliary stone clearance,
although it could also be related to stone formation and
development, depending on the situation.
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In this study, poor surgical candidates who underwent
endoscopic biliary stenting showed low frequency of
acute cholangitis and superior stent patency at 12
mo after stent implantation. In a progressively aging
society, 1 year should be considered as an appropriate
interval for plastic stent exchange in the treatment of
choledocholithiasis. Although long-term biliary stenting
increases the risk of biliary complication, it could also be
an acceptable strategy for patients with limitations who
are clinically unfit for invasive procedures. In this study,
a small sample size may be one of the problems to
support our definite conclusion. In addition, our study is
retrospective evaluation, so it may be difficult to exclude
any bias completely. Superior stent patency rate which
are observed in this study may not hold true because of
these limitations. Further studies with a large number
of patients under prospective design will be required to
confirm our results.

ARTICLE HIGHLIGHTS

Research background

In elderly patients with serious comorbidities, endoscopic biliary stenting is
widely used as a safe approach for the management of choledocholithiasis.
Although short intervals for plastic stent exchange have commonly been
recommended to avoid acute cholangitis, it is difficult for elderly patients
with numerous comorbidities to accept biliary stent exchange in such a short
period. We evaluated the safe interval of endoscopic biliary stent exchange for
choledocholithiasis.

Research motivation

There has been limited data on the outcome of long-term biliary stenting for
choledocholithiasis. In order to reduce the unnecessary medical procedures
for high-risk patients, the optimal time for biliary stent exchange has to be
established.

Research objectives

The principal aim of this study is an evaluation of the adequate intervals for
biliary stent exchange as a treatment for patients with choledocholithiasis. This
research will contribute to the management of endoscopic biliary stenting for
choledocholithiasis of high-risk patients.

Research methods

Patients with symptomatic choledocholithiasis were treated with biliary plastic
stents because complete endoscopic stone retrieval was difficult. Stent
exchange was carried out at every 6 mo or every 12 mo. In the patients who
didn’t accept the recommendation of regular stent exchange, biliary stents
were replaced when clinical symptoms appeared. The authors evaluated
the frequency of biliary complication and stent patency rate during follow-up
periods.

Research results

Regarding the stent patency rate, there is no significant difference between the
6 mo stent exchange group and the 12 mo stent exchange group. Although a
high incidence of acute cholangitis occurred in the on demand stent exchange
group, there was no biliary-related mortality.

Research conclusion

Although exchanges of plastic stent in short intervals have been recommended
to avoid acute cholangitis, this study concluded that 12 mo is considered a
safe interval for plastic stent exchange in choledocholithiasis. Long-term biliary
stenting longer than 12 mo can also be an acceptable option for selected
patients who are medically unfit for further invasive procedures, but we have
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to observe these cases carefully because of the high frequency of acute
cholangitis.

Research perspectives

The authors’ research findings contribute to the discussion about safe
interval for plastic stent exchange in choledocholithiasis. The study design
is retrospective and sample size is small, so further clinical trials in a large
population under prospective design will be valuable.
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Abstract

AIM
To correlate the length of endoscope hang time and
number of bacteria cultured prior to use.

METHODS

Prospectively, we cultured specimens from 19 gastroscopes,
24 colonoscopes and 5 side viewing duodenoscopes during
the period of 2011 to 2015. A total of 164 results had
complete data denoting date of cleansing, nhumber of
days stored and culture results. All scopes underwent
initial cleaning in the endoscopy suite utilizing tap
water, and then manually cleaned and flushed. High
level disinfection was achieved with a Medivator® DSD
(Medivator Inc., United States) automated endoscope
reprocessor following manufacturer instructions,
with Glutacide® (Pharmax Limited, Canada), a 2%
glutaraldehyde solution. After disinfection, all scopes
were stored in dust free, unfiltered commercial cabinets
for up to 7 d. Prior to use, all scopes were sampled and
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plated on sheep blood agar for 48 h; the colony count
was obtained from each plate. The length of endoscope
hang time and bacterial load was analyzed utilizing
unpaired £-tests. The overall percentage of positive and
negative cultures for each type of endoscope was also
calculated.

RESULTS

All culture results were within the acceptable range (less
than 200 cfu/mL). One colonoscope cultured 80 cfu/mL
after hanging for 1 d, which was the highest count.
ERCP scopes cultured at most 10 cfu, this occurred
after 2 and 7 d, and gastroscopes cultured 50 cfu/mL at
most, at 1 d. Most cultures were negative for growth,
irrespective of the length of hang time. Furthermore, all
scopes, with the exception of one colonoscope which
had two positive cultures (each of 10 cfu/mL), had at
most one positive culture. There was no significant
difference in the number of bacteria cultured after 1 d
compared to 7 d when all scopes were combined (day
2: P = 0.515; day 3: P = identical; day 4: P = 0.071;
day 5: P = 0.470; day 6: P = 0.584; day 7: P = 0.575).
There was also no significant difference in the number
of bacteria cultured after 1 day compared to 7 d for
gastroscopes (day 2: P = 0.895; day 3: P = identical;
day 4: P = identical; day 5: P = 0.893; day 6: P =
identical; day 7: P = 0.756), colonoscopes (day 2: P =
0.489; day 4: P = 0.493; day 5: P = 0.324; day 6: P =
0.526; day 7: P = identical), or ERCP scopes (day 2: P
= identical; day 7: P = 0.685).

CONCLUSION

There is no correlation between hang time and bacterial
load. Endoscopes do not need to be reprocessed if
reused within a period of 7 d.

Key words: Bacteria; Endoscopy; Processing; Hang
time; Colonoscopy; Endoscopic retrograde cholangiopan-
creatography; Gastroscopy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Several cases of transmission of antibiotic
resistant microbes have recently been reported, most
notably carbapenem-resistant Enterobacteriaceae.
However, according to our research, there does not appear
to be a correlation between the number of days that
an endoscope has been hanging and the bacterial load.
Therefore, reprocessing of endoscopes is unnecessary prior
to use, if they undergo cleaning according to guidelines,
maintained in a ventilated, dust-free cabinet between use
and the period of hang time does not exceed 7 d.
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INTRODUCTION

The use of flexible endoscopes is instrumental in the
diagnosis and management of gastrointestinal and
hepatobiliary disease. Due to the invasive nature of
these procedures they carry a risk of infection, either
by bacteria within the individuals’ gastrointestinal tract
or through bacteria contaminating the endoscope!?.
Endoscopes are defined as “semi critical” devices as
per the Spaulding classification of medical devices; in
order to minimize the risk of inoculating patients with
microbes from a previous patient, they must undergo
high level disinfection between patients!"’.

Previous guidelines established by several inter-
national societies, including the European Society of
Gastrointestinal Endoscopy, suggested that in addition
to high level disinfection after use, endoscopes
should be reprocessed the day of procedure prior to
use®*, However, these guidelines were based on very
limited research and data'. This extra reprocessing
of endoscopes is extremely expensive for facilities and
leads to extra wear and damage to the equipment
(both processing machines and endoscopes)®. A study
conducted at our institution examined the necessity
of the aforementioned guidelines, and established
that endoscopes could be stored up to 7 d prior to use
without the need for reprocessing when maintained in a
ventilated, dust free cabinet™. Thus, our institution has
been following these guidelines for the past few years.
Similarly, a limited study conducted in Czechoslovakia
identified that colonoscopes and duodenoscopes, if
properly disinfected and stored, did not require repro-
cessing for up to 5 d*®.

Several cases of transmission of antibiotic resistant
microbes have been documented recently, most notably
carbapenem-resistant Enterobacteriaceae, in the United
States via endoscopy™. One of the most concerning
aspects of these recent cases is that no breaches
in reprocessing of the endoscopes was identified™.
The aim of this study was to verify a previous study
conducted at our institution, correlating endoscope
hang time and bacterial load prior to use, as well as to
evaluate our procedures in light of the recent cases of
transmission of bacteria between patients.

MATERIALS AND METHODS

During the period of 2011 to 2015, we prospectively
sampled specimens from nineteen gastroscopes, twenty-
four colonoscopes, and five side viewing duodenoscopes,
available in our institution. Each week during that time
frame, two scopes were sampled on a rotating basis,
accounting for a total of 327 samples. Only 164 results
could be obtained which had complete data including
date of cleansing, number of days stored and culture
results.

Prior to removal from the endoscopy suite, all scopes
are flushed with tap water and then the outer surface
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is wiped clean with tap water. Endoscopes were initially
manually brushed to remove debris from the ports. For
the duodenoscopes and the colonoscopes, the suction
cylinder (to distal end and suction connector end) and
instrument channel ports were manually brushed a
total of three times and then flushed with at least 500
cc while submersed in detergent. With respect to ERCP
scopes, the elevator recess, in both the up and down
position, suction cylinder and instrument channel port
were manually flushed three times each. In addition,
for the ERCP scopes, the elevator wire and forceps
elevator (in the up and down position) were manually
cleaned three times. The elevator recess was flushed
with a 30 mL water/detergent mixture in the up and
down position. Using an automated flushing pump all
scopes were flushed with a water/detergent mixture
for 1 min and 15 s and then with air for 30 s; during
flushing of ERCP scopes, the elevator mechanism was
moved up and down.

The endoscopes then underwent high level
disinfection using a Medivator® DSD (Medivator Inc.,
United States) automated endoscope reprocessor
(AER). High level disinfection was achieved utilizing
Glutacide® (Pharmax Limited, Canada), a 2%
glutaraldehyde solution that can be utilized for 30 d.
The AER cycle consists of a 1-min flush with reverse
osmosis water, followed by a 5-min detergent
disinfection and a 20-min detergent soak. Next, the
scopes undergo two rinses with reverse osmosis water
(4:10 min and 3 min each), then a 1-min rinse with
70% alcohol. Finally, they undergo a 5-min air dry and
a 5-min manual air dry (utilizing filtered medical, non-
heated air), of the suction channel, air/water channel
and dials. All endoscopes are then stored in dust free,
unfiltered, roll top commercial cabinets manufactured
by Olympus. The cabinets were wiped clean by staff
health care aides monthly, as well as, on an as needed
basis.

Samples for culture were obtained using a protocol,
developed at our institution, in accordance with those
developed by the Endoscopy Working Group as part
of the Manitoba Advisory Committee on Infectious
Diseases!'?l. The endoscopes were all sampled
after a period of hang time, as described below.
Sampling of the endoscopes was undertaken outside
the reprocessing room, within the health care aide
room, within a designated area. The distal end of the
endoscope is held inside a sterile specimen container,
10 mL of sterile water is drawn up, and 5 mL is flushed
through the biopsy channel. An endoscopy brush is
then dipped into sterile water and passed through the
biopsy channel until it emerges out the distal end, it's
then pulled back up the channel and pushed through
once more until it emerges 2 cm into the sterile
container. Scissors are then cleaned with an alcohol
pad and used to cut off 2 cm of the brush into the
sterile container. Finally, the remaining 5 mL of sterile
water are passed through the biopsy channel and
collected in the sterile container. Prior to plating, the
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water containing the cleaning brush was vortexed, to
ensure a representative sample was obtained. A 100
uL aliquot of the samples were placed on a sheep blood
agar plate, spread with a glass rod until absorbed by
the media. Plates were then incubated at 35 C for 48 h.
The colony count was obtained after 48hours and was
then equated to colony forming units per milliliter. It
should be noted that ERCP scopes were cultured with
the elevator in the down position.

Hang time was determined by calculating the total
number of days between cleaning and microbiological
sampling. Guidelines at our facility dictate that any
samples greater than 200 cfu/mL (cut-off for acceptable
microbial levels for potable water) are deemed as an
unacceptable level of bioburden and the scope would
be removed from use to be reprocessed™®. The data
was evaluated using an unpaired t-test with Minitab
statistical software®, comparing the number of colony
forming units cultured on each type of endoscope after
1 d of hang time compared to subsequent days (up to
day 7). Overall, the percentage of negative cultures
(i.e., no growth) and positive cultures, for each type of
endoscope was also calculated. The statistical methods
in the manuscript were reviewed and approved by
all authors with the help of the quality improvement
specialist affiliated with the Brandon Reginal Health
Centre.

RESULTS

All positive culture results were less than 200 cfu/mL,
and thus no endoscopes required additional reprocessing
or quarantine. It should be noted that samples which
were excluded from our study, due to missing data and
inability to calculate hang time, all had culture results
within the acceptable limit. A colonoscope cultured the
highest bacterial load at 80 cfu/mL, with a hang time
of 1 d. The highest bacterial load for ERCP scopes was
10 cfu/mL, this occurred at hang times 2 and 7 d. The
highest count for gastroscopes was 50 cfu/mL after
a hang time of 1 d. Most cultures, regardless of hang
time, were negative for growth (Figures 1-3). Only one
endoscope had more than one positive culture, one
colonoscope had two positive cultures (of 4 obtained),
each of 10 cfu/mL.

There was no significant difference at the 95%
confidence interval, in the number of bacteria cultured
after 1 d compared to 7 d when grouping all scopes
(Table 1). At the 95%CI no statistical differences were
observed, in culture results after 1 d of hang time
compared to subsequent days for each scope type
(Table 1).

DISCUSSION

The percentage of negative cultures is similar for both
day 1 and day 7 of storage for each type of endoscope,
suggesting that storage of endoscopes for 7 d is safe,
and that the risk of patient transmission is relatively
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Table 1 Comparison of number of bacteria cultured from the different types of endoscopes sampled from day 1-7, P-values from

the unpaired #-test performed with a 95%CI

Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
All Scopes (Day 1: n = 82) P=0.515 (n=18) P =identical (n=3) P=0071(n=18) P=0470(n=15) P=0584(n=7) P=0.575(n=21)
Gastroscopes (Day 1: n=34) P =0.895(n=4) P =identical (n=3) P =identical(n=12) P=0.893(n=8) P =identical (n=2) P =0.756 (n=10)

Colonoscopes (Day 1: n =46) P =0.489 (n =10) No data (1 = 0) P=0.493 (n=5) P=0324(n=7) P=0.526(n=4) P =identical (n=>5)
ERCP Scopes (Day 1: n=2) P =identical n=4) Nodata(n=0) Insufficientdata (n=1) Nodata(n=0) No data (7 =0) P =0.685 (n = 6)
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Figure 1 Percentage of negative cultures obtained for all endoscopes
throughout the test period. The large percentage of negative cultures is
consistent from 1 to 7 d of hang time and between the different types of scopes.
ERCP: Endoscopic retrograde cholangiopancreatography.
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Figure 2 Percentage of positive cultures obtained for all endoscopes throughout
the test period. ERCP: Endoscopic retrograde cholangiopancreatography.

low. This correlates with the previous findings of the
study conducted at our institution'”.

Furthermore, all culture results were less than 200
cfu/mL, the acceptable limit for potable water, and thus
were within the guidelines for use in endoscopy™®. It is
also of note that the highest bacterial load was cultured
from a colonoscope, and the lowest was from an
ERCP scope. This is despite the fact that ERCP scopes
have a large number of moving parts, which are more
likely to harbour bacteria™. Overall, it appears that
proper disinfection and storage of endoscopes makes
reprocessing prior to use unnecessary within a period
of 7 d. Interim guidelines produced by the Centers for
Disease Control and Prevention have suggested that
cultures obtained after processing should possess less
than 10 cfu'®. All samples obtained in our study were
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Colony forming units (x 10)

Figure 3 Number of positive culture samples at each level of colony forming
units for each endoscope type, where the number of negative cultures for
gastroscopes was 67 (n = 73), for colonoscopes 67 (n = 78) and endoscopic
retrograde cholangiopancreatography scopes was 12 (n = 14). ERCP:
Endoscopic retrograde cholangiopancreatography.

less than this new limit, however our centre should
adjust our guidelines to fit these new suggestions.

Limitations
One limitation to this study is the relatively small

sample size, especially with regards to ERCP scopes,
as a statistical difference may not have been detected
utilizing the t-test even if it existed. Furthermore, the
type of bacteria cultured was not assessed in this study
and therefore in future studies, it would be important
to assess which bacteria are able to withstand the
disinfection process. It has been suggested that sterili-
zation of endoscopes may be required for prevention
of transmission of certain species of bacteria rather than
disinfection'®?!. Lastly, not all bacteria are amenable to
culture using the medium employed in this study. Moving
forward, our institution will be assessing the use of
different culture media in comparison to the commonly
used sheep blood agar; including reasoner’s 2A agar which
may identify water stressed or damaged organisms™*, For
future studies, it may be valuable to initially plate a 0.5 mL
sample onto MacConkey media to allow for rapid screening
for organisms which may lead to patient harms™.

In conclusion, there is no clear correlation between
the duration of hang time of an endoscope and bacterial
load. This further supports the previous study conducted
at our institution indicating that there is not a need to
reprocess endoscopes prior to use if they are properly
disinfected, and properly stored for up to 7 d. It is
important to stress that proper cleansing of endoscopes
be carried out immediately after use, according to
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manufacturer suggestions. Further work in this area
should focus on assessing the type of bacteria cultured
in order to determine the true risk to the patient, as
well as determining methods to further decrease the
risk of transmission of antibiotic resistant organisms.
Lastly, new research should assess whether a limit of
200 cfu/mL is appropriate or if transmission of virulent
organisms can occur below this limit.

ARTICLE HIGHLIGHTS

Background

Due to the nature of endoscopy, all endoscopes must undergo high level
disinfection after use. Previously, guidelines suggested that endoscopes be
reprocessed prior to use, regardless of the hang time. These guidelines led
to excessive wear on the instruments, and were quite costly for institutions. A
previous study conducted at our institution suggested that endoscopes could be
stored for up to 7 d prior to requiring reprocessing. The aim of this study was to
determine if there was a correlation between the hang time and bacterial load
on endoscopes.

Research frontiers

There have recently been several documented cases of transmission of
antibiotic resistant organisms, specifically carbapenem-resistant Entero-
bacteriaceae via endoscopy. This has led to increased interest in the bacterial
contamination on endoscopes after thorough disinfection.

Innovations and breakthroughs

The study demonstrates that endoscopes can be stored for a period of up to 7 d
without significant levels of bacterial contamination, there does not appear to
be a correlation between hang time and bacterial load. There does not appear
to be a need for reprocessing of endoscopes prior to use if disinfected and
stored properly. This is contrary to previous society guidelines which suggested
disinfection prior to use.

Applications
Endoscopes if disinfected and stored properly can be stored for up to 7 d
without requiring reprocessing prior to use.

Terminology
Hang time refers to the number of days an endoscope was stored, from
disinfection to microbiological evaluation.
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