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Abstract

Periampullary diverticulum (PAD) is duodenal outpun-
ching defined as herniation of the mucosa or submucosa
that occurs via a defect in the muscle layer within an
area of 2 to 3 cm around the papilla. Although PAD is
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usually asymptomatic and discovered incidentally dur-
ing endoscopic retrograde cholangiopancreatography
(ERCP), it is associated with different pathological
conditions such as common bile duct obstruction, pan-
creatitis, perforation, bleeding, and rarely carcinoma.
ERCP has a low rate of success in patients with PAD,
suggesting that this condition may complicate the
technical application of the ERCP procedure. Moreover,
cannulation of PAD can be challenging, time consuming,
and require the higher level of skill of more experienced
endoscopists. A large portion of the failures of cannu-
lation in patients with PAD can be attributed to inability
of the endoscopist to detect the papilla. In cases
where the papilla is identified but does not point in a
suitable direction for cannulation, different techniques
have been described. Endoscopists must be aware
of papilla identification in the presence of PAD and
of different cannulation techniques, including their
technical feasibility and safety, to allow for an informed
decision and ensure the best outcome. Herein, we
review the literature on this practical topic and propose
an algorithm to increase the success rate of biliary
cannulation.

Key words: Periampullary diverticulum; Cannulation
techniques; Tips; Endoscopic ultrasound; Endoscopic
retrograde cholangiopancreatography

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Presence of periampullary diverticulum (PAD)
is thought to complicate the application of endoscopic
retrograde cholangiopancreatography, which is already a
technically difficult procedure. To improve success rates,
different techniques have been developed to achieve
successful biliary cannulation in patients with PAD. For
patients with PAD, endoscopists must be aware of papilla
identification and the different available cannulation
techniques, as well as the technical feasibility and safety
of each.
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INTRODUCTION

obtained through an electronic search of the literature
databases of Google Scholar and PubMed using the
following terms alone or in combination: ERCP, difficult
cannulation, cannulation techniques, and periampullary
diverticulum.

TIPS FOR PAPILLARY ORIENTATION AND
CANNULATION

Periampullary diverticulum (PAD) is duodenal outpunch-
ing defined as herniation of the mucosa or submucosa
that occurs via a defect in the muscle layer within an
area of 2 to 3 cm around the papilla. Prevalence of PAD
increases with age, and overall prevalence among the
elderly is reportedly 65%!". The formation of PAD is
related to progression of duodenal motility disorders.
Furthermore, increased intraduodenal pressure and
progressive weakening of intestinal smooth muscles are
known as the main underlying etiologies for this defect™.
PAD is sub-classified into two categories according to the
location of the papilla with respect to the diverticulum.
In type I, or peri-diverticular papilla, the papilla is
located at the edge of the diverticulum or within a radius
of 2 cm from the diverticular edge. In type I, or intra-
diverticular papilla (IDP), the papilla is located inside the
diverticulum or lying between two adjacent diverticula®®.

Although PAD is usually asymptomatic and dis-
covered incidentally in patients during endoscopic
retrograde cholangiopancreatography (ERCP), it is
associated with different pathological conditions such
as common bile duct (CBD) obstruction, pancreatitis,
perforation, bleeding, and rarely carcinoma™”. Several
hypotheses have been put forth to explain the observed
higher incidence of biliary stone formation in the
presence of PAD. First, it was proposed that dysfunction
in the sphincter of Oddi, which in turn causes reflux
of pancreatic fluid and intestinal content, can lead to
biliary stone formation'®. Second, it was proposed
that diverticula cause spasm of the sphincter, thereby
increasing biliary tract pressure that may in turn produce
jaundice and cholangitis as well as predispose for chole-
docholithiasis®®, Finally, it was proposed that PAD may
compress the distal part of the CBD to cause functional
biliary stasis, and this hypothesis was supported by the
observation of increased incidence of pigment biliary
stones!'*",

Reported success rates of cannulation in patients
with PAD have varied from 61% to 95.4%, a range
that is significantly lower than that observed in patients
without PAD!?, In recent years, new techniques and
new devices for successful biliary cannulation have
been developed to improve rates of success in patients
with PAD. For patients with PAD, endoscopists must
be aware of papilla identification and the different
cannulation techniques available, including the technical
feasibility and safety of each, in order to make an
informed decision and ensure the best outcome. Herein,
we review the literature on this practical topic that was
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The presence of PAD is thought to complicate the
application of ERCP, an already technically difficult
procedure”. Cannulation of IDP can be challenging, time
consuming and require the higher level of skill of more
experienced endoscopists. A large portion of the failures
of cannulation in patients with PAD has been attributed
to inability of the endoscopist to detect the papilla™.
However, in some studies, the finding of PAD during
an ERCP was suggested as an indicator of an easier
cannulation attempt, with a reported success rate of
94.9% compared to that of 94.8% in non-PAD patients
after exclusion of cases with undetectable papillas
that were considered to be likely IDPs"’. In ERCP,
identification of the papilla is the first major obstacle,
especially in the presence of large diverticula. Thus, it
is extremely helpful to know the following tips™: (1) in
most cases, the papilla is located on the lower edge of
the diverticulum or just inside, somewhere between the
positions of 4 o'clock and 8 oclock; (2) large diverticula
are usually divided from proximal to distal by a ridge-like
septum. This mostly involves the bile duct, with the ridge
terminating at the papilla; (3) a catheter can be used
to straighten and evert the folds to identify a hidden
papilla within the diverticulum; (4) cannulation with the
tip of the duodenoscope within the sac is also possible,
but care must be taken to avoid perforation; and (5) in
contrast to the usual papillary anatomy, the presence
of PAD alters the biliary direction. It is often not acutely
angulated superiorally, but runs more directly. Thus,
acute angulation of the sphincterotome is not necessary.

TECHNIQUES FOR DIFFICULT
CANNULATION

To address cases where the papilla is identified but
does not point in a suitable direction for cannulation,
the below-described techniques are available for consi-
deration (Table 1).

Two-devices in one-channel method

A biopsy forceps is used to pull the duodenal mucosa
adjacent to the papilla, bringing the papillary orifice out of
the diverticulum. Another instrument, either a cannula or
sphincterotome, is then inserted into the working channel
of the endoscope together with the biopsy forceps. With
coordination of the two instruments, biliary cannulation
can be attempted (Figure 1A). A report of this technique
applied to two PAD cases showed successful cannulation
for both and with no complications in either (success rate
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Figure 1 Techniques for difficult cannulation. A: Two-devices in one-channel method; B: Double endoscope method; C: Balloon dilation of the narrow diverticular
neck; D: Endoclip-assisted cannulation; E: Cap-assisted cannulation; F: Pancreatic duct stent placement followed by pre-cut biliary sphincterotomy; G: Percutaneous
ultrasound-guided rendezvous technique; H: Endoscopic ultrasound-guided rendezvous technique.

Table 1 Techniques for difficult cannulation

Two-devices in one-channel method

Reversed guidewire method

Double endoscope method

Balloon dilation of the narrow diverticular neck

Endoclip-assisted cannulation

Cap-assisted cannulation

Pancreatic duct stent placement followed by pre-cut biliary sphincterotomy
Percutaneous ultrasound-guided rendezvous technique

EUS-guided rendezvous technique

EUS: Endoscopic ultrasound.

100%™,

Reversed guidewire method
A second guidewire is advanced in reverse (stiff end
forward) through the working channel of the duo-

Baishidenge ~ WJGE | www.wjgnet.com

denoscope, alongside the sphincterotome. This wire is
then used to push the mucosa adjacent to the papilla
toward the lumen of the duodenum and to straighten
the folds, anchoring the papilla in a better configuration
and creating a suitable direction for cannulation. A
report of this technique applied to one PAD case showed
successful cannulation with no complication (success
rate 100%)".

Double endoscope method

A forward-viewing gastroscope is inserted inside the
diverticulum for better visualization of the papilla. A
foreign body forceps is used to grasp the tissue just
beside the papilla in order to bring it into a better
orientation. The gastroscope holding the papilla is left in
place, to avoid backsliding after opening of the forceps.
A side-viewing duodenoscope is inserted alongside the
gastroscope. With both endoscopes positioned simu-
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[taneously in the duodenum, the CBD can be cannulated
(Figure 1B). A report of this technique applied to one PAD
case showed successful cannulation with no complication
(success rate 100%)™°.

Balloon dilation of the narrow diverticular neck

In narrow-necked papillary diverticula with the papilla
located in the fundus of the diverticulum, endoscopic
balloon dilation of the narrow diverticular neck, using
a 15-mm stone retrieval balloon, can be done safely,
bringing the papillary orifice into view. Cannulation of the
bile duct can be attempted without any complications
(Figure 1C). A report of this technique applied to three
PAD cases showed successful cannulation and no
complications (success rate 100%)™"".

Endoclip-assisted cannulation

One or more endoclips can be used to rotate the IDP
externally and to fix it on the outside rim of the diver-
ticulum. This manipulation can successfully evert and fix
the papilla on the diverticular margin in a better position,
resulting in successful biliary cannulation (Figure 1D).
A report of this technique applied to two PAD cases
showed successful cannulation with no complications
(success rate 100%)™%,

Cap-assisted cannulation

A transparent cap is attached to the tip of a forward-
viewing endoscope. At first, selective biliary cannulation
can be attempted through the papillary orifice. If
selective biliary cannulation fails, endoscopic fistulotomy
can be attempted. Fistulotomy is performed between
the lower two-thirds and the upper one-third of the
papillary roof. To gain biliary access after the fistulotomy,
needle puncture is made and a soft-tipped guidewire is
advanced (Figure 1E). A report of this technique applied
to twelve PAD cases showed successful cannulation in
all cases (success rate 100%) and a minor complication
(bleeding at the site of fistulotomy) in two patients
(complications rate 16.5%); primary hemostasis was
achieved by hemoclipping in one patient and by saline-
epinephrine mixture spray in the other''..

Pancreatic duct stent placement followed by pre-cut
biliary sphincterotomy

In the case of pancreatic duct cannulation, placement
of a main pancreatic duct stent keeps the papilla out
of the diverticulum, thereby facilitating pre-cut needle
knife sphincterotomy and selective cannulation of the
CBD (Figure 1F). A report of this technique applied to
eight cases showed successful cannulation in seven of
the patients (success rate 87.5%), with two of those
requiring a second ERCP for success. In addition, two
patients developed post-ERCP pancreatitis (complication
rate 25%)1%,

Percutaneous ultrasound-guided rendezvous technique
After the percutaneous ultrasound-guided transhepatic
biliary puncture is performed a sterile guidewire is
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inserted into the CBD, then into the papilla. A snare or
forceps is then used to grasp the guidewire and pull it
back through the working channel of the duodenoscope
for subsequent over-the-wire cannulation (Figure 1G)*".
However, it is sometimes difficult to grasp the guidewire,
which may be damaged or kinked, during the withdrawal
through the working channel of the duodenoscope;
thus, passing a catheter over it is difficult or sometimes
impossible®®. A study on the percutaneous-ultrasound
guided rendezvous technique applied to a total of
fourteen patients showed success in 13 (success rate
93%) with complication (retroperitoneal perforation)
experienced in only 1 (complication rate 7%)?.

Endoscopic ultrasound-guided rendezvous technique
When the echoendoscope is positioned in the stomach or
duodenum, and the bile ducts can be visualized by the
endoscopic ultrasound (EUS), a 19-gauge or 22-gauge
needle are used to puncture the bile ducts. After
aspiration of bile, contrast is injected through the EUS
needle to facilitate display the intra- and extra-hepatic
bile ducts. After confirmation of bile duct puncture, a
guidewire is advanced distally through the CBD and
across the papilla under fluoroscopic guidance. The
endoscope exchange is performed after passage of the
guidewire through the papilla into the duodenum. In
this process, the echoendoscope is removed, leaving the
guidewire in place, after which a duodenoscope is passed
up to the papilla alongside the EUS-placed guidewire.
Finally, a snare or forceps is used to grasp the guidewire
and pull it back out of the working channel of the duo-
denoscope for subsequent over-the-wire cannulation.
After access to the CBD is achieved, a standard ERCP
can be performed (Figure 1H). A study on the EUS-
guided rendezvous technique applied to a total of 45
patients showed success in 36 (success rate 80%) with
complications (bile leakage and pneumoperitoneum)
experienced in only 2 (complication rate 4%)™.

PROPOSED ALGORITHM

We propose an algorithm based on the previous tech-
niques to increase the success rate of cannulation (Figure
2). It is important to note, however, that this algorithm
has several limitations. First, it is based on a small
number of published cases for most of the techniques.
Second, the success rates are comparable in most of the
techniques and the choice depends on the endoscopist’s
preference and experience. Finally, percutaneous ultra-
sound-guided and EUS-guided rendezvous techniques
are not available in all centers.

Feasibility and safety of therapeutic maneuvers

When therapeutic maneuvers are performed in patients
with PAD the potential risks of complications are a
concern, primarily because of the thin mucosa and the
absence of sphincter muscle present in the ampullary
area”. Currently, endoscopic papillary large balloon
dilation (EPLBD) combined with limited endoscopic
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Difficult cannulation

Narrow diverticular neck

Balloon dilation

Biliary cannulation
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Cap-assisted cannulation

Wide diverticular neck

Two devices in one channel method
‘ —> Reverse guidewire method

Double endoscope method
Endoclip-assisted cannulation

No cannulation Biliary cannulation

EUS guided rendezvous technique
Percutaneous ultrasound guided rendezvous technique

Pancreatic cannulation

|

Pancreatic duct stent followed by
pre-cut biliary sphincterotomy

Biliary cannulation

!—‘—\

No Yes

Figure 2 Proposed algorithm to ensure the best outcome. EUS: Endoscopic ultrasound.

sphincterotomy (ES) (EPLBD + ES) is regarded as an
effective maneuver for treating difficult CBD stones. It
has been reported that perforation and hemorrhage are
less frequent in cases treated with EPLBD + ES than in
those treated with standard ES alone®*®. The tendency
toward a shorter ballooning time in patients with PAD
can be explained by the lack of sphincter muscle and
the ease of ampullary widening facilitated by EPLBD,
which suggest that EPLBD is a safe method for retrieval
of CBD stones in patients with PAD™*, Moreover, the
complication rates of ERCP are similar in patients with
or without PAD and the therapeutic outcome is not
affected by the presence of PAD™”,

CONCLUSION

PAD represents a technical barrier to the successful
application of ERCP. Cannulation of IDP can be cha-
llenging, time consuming and require the skill of more
experienced endoscopists. In cases where the papilla
is identified but does not point in a suitable direction
for cannulation, a number of feasible techniques are
available for consideration. Moreover, complication rates
of ERCP are similar in patients with and without PAD,
and therapeutic outcome is not affected by the presence
of PAD.
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CONCLUSION: The Hyodo-Komagane endoscopic
score is useful to predict the ability to eat pureed diets
in elderly patients with dysphagia.
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Percutaneous endoscopic gastrostomy
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Core tip: Predicting successful oral intake in elderly
patients with dysphagia remains a challenge. The
scoring method for endoscopic swallowing evaluation
was based on final score (from 0 to 12) using four
parameters; (1) the salivary pooling in the vallecula
and piriform sinuses; (2) the response of glottal closure
reflex induced by touching the epiglottis with the endo-
scope; (3) the location of the bolus at the time of
swallow onset assessed by “white-out” after the swall-
owing of test jelly; and (4) the extent of pharyngeal
clearance after test jelly is swallowed. A total score of 7
or less during endoscopic swallowing evaluation reliably
predicted the ability to eat pureed diets.

Sakamoto T, Horiuchi A, Makino T, Kajiyama M, Tanaka N,
Hyodo M. Determination of the cut-off score of an endoscopic
scoring method to predict whether elderly patients with
dysphagia can eat pureed diets. World J Gastrointest Endosc
2016; 8(6): 288-294 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v8/i6/288.htm DOI: http://dx.doi.
org/10.4253/wjge.v8.16.288

INTRODUCTION

With aging of the population, dysphagia is becoming an
important medical and social issue™. Pneumonia is the
fourth most common cause of mortality in the elderly
in Japan; the majority of cases in hospital-acquired
pneumonia are reported to be related to aspiration™.
Pureed diets are often used as an initial dysphagia diet
for patients with moderate to severe dysphagia because,
if the dysphagic patients can fulfill their nutritional
requirements by eating pureed diets, they can avoid
enteral feeding using a percutaneous endoscopic
gastrostomy (PEG) tube. Wilkinson et al™! previously
reported PEG should be considered for people unable
to tolerate a pureed diet 14 d after their stroke despite
the fact that half will recover sufficiently to manage oral
intake. They suggested that the texture of the pureed
diet is likely to be most useful factor predictive of the
need for PEG. No methods for predicting successful oral
intake of pureed diets in elderly patients with dysphagia
have been established.

Endoscopic and videofluoroscopic examinations are
often used to evaluate swallowing and to quantify the
risk of aspiration™”., Our facility uses a team approach
that includes a gastroenterologist and a speech ther-
apist. Swallowing is evaluated by endoscopy using an
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endoscope normally used for transnasal esophagogas-
troduodenoscopy. We previously used this approach
to study factors that influenced swallowing of pureed
diets™®. Saliva pooling and pharyngeal residues of
pureed foods were shown to predict impaired swallowing
of pureed foods. However, endoscopic determination
of whether patients could swallow pureed diets was
not always reproducible or safe especially for severely
dysphagic patients. Irreproducibility was possibly related
to variability in the texture and physical characteristics
of the pureed diet despite being prepared in the same
facility.

We previously developed a scoring system for endo-
scopic swallowing evaluation using blue-dyed water'..
We modified the test meal to contain a test jelly instead
of blue-dyed water so that elderly patients with severe
dysphagia could undergo endoscopic examination of
swallowing safely even unable to swallow pureed diets
and the data would be reproducible. The aim of this
study was to validate the revised scoring system to
predict the ability to eat pureed diets in elderly patients
with dysphagia.

MATERIALS AND METHODS

Patients

From January 2012 to November 2014, 205 hospitalized
patients who underwent endoscopic swallowing eva-
luation at Showa Inan General Hospital, a municipal
local hospital, were consecutively enrolled. We included
dysphagia patients able to sit in a chair or up in bed with
assistance and whose oral intake had been observed
at least for 5 d after endoscopic swallowing evaluation.
Subjects were included irrespective of whether oral
intake of dysphagic diets was successful or unsuccessful.
Exclusion criteria included an age less than 65 years old
or the presence of an acute infection.

Study design

Verbal and written informed consent for the endoscopic
examination of swallowing was obtained from all pa-
tients. Gastroenterologists, who were experienced in
transnasal esophagogastroduodenoscopy and PEG,
performed the endoscopic swallowing evaluation along
with a speech therapist. Results of endoscopic swa-
llowing examination including the new scoring system
(Hyodo-Komagane score) were recorded in the endo-
scopic database. Determination of the validity of the
proposed endoscopic swallowing score was based on a
retrospective review of the patients’ charts with special
attention to the Hyodo-Komagane score and the status
of oral intake of diets. This retrospective analysis was
approved by the ethics committee of Showa Inan General
Hospital.

Procedure

Participants underwent the endoscopic swallowing
evaluation while sitting in a chair or sitting up in bed.
Two minutes prior to inserting the endoscope, 0.2-0.5
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Table 1 Hyodo-Komagane score

A: Salivary pooling in vallecula and piriform sinuses
0  No pooling
1  Pooling at the only vallecula

2 Pooling in vallecula and piriform sinuses and no penetration' into larynx
3 Pooling in vallecula and piriform sinuses and penetration into larynx
B: The response of glottal closure reflex induced by touching the epiglottis with the endoscope

0  Marked reflex by one touching

1  Slow and/or weak reflex by one touching
2 Reflex by two or three touchings

3 No refex despite three touchings

C: The location of the bolus at the time of swallow onset assessed by "white-out" following swallowing of test jelly

0  Pharyngeal

1  Vallecula

2 Piriform sinuses

3 No swallowing

D: The extent of pharyngeal clearance after swallowing of test jelly
0  Noresidues

Pharyngeal residues remain, but are absent after swallowing is attempted two or three times

1
2 Pharyngeal residues remain, but do not penetrate into larynx
3 Pharyngeal residues remain and penetrate into larynx

'When saliva or test jelly enters the glottis (opening to the trachea) and moves as far as the vestibule above the true

vocal folds, this is termed as “penetration”; **white-out” is defined as the period when the videoendoscopic image is

obscured owing to pharyngeal closure. Total score (A + B + C + D) = 0-12.

mL of 4% lidocaine was applied to the nasal cavities
of each participant using a nasal splay. An endoscope
(GIF-XP260N, Olympus, Tokyo, Japan) was used for
endoscopic swallowing evaluations. This is a forward-
viewing upper gastrointestinal videoscope with an ultra-
miniature, resolution charged-coupled device with a
120 degree field of view. The insertion diameter is 5.5
mm and the videoscope has a tip deflection capability of
210/120 up/down in a single plane. The lubricated endo-
scope was passed transnasally, typically on the floor of
the nose, to obtain a superior view of the hypopharynx.
The endoscope was moved throughout the study bet-
ween swallowing and post-swallow positions to collect
the data as described previously®. Images of the
oropharynx, hypopharynx and larynx were displayed
on a monitor and recorded on the digital video recorder
(Sony EVO-550H, Tokyo, Japan).

Hyodo-Komagane scoring method

All patients underwent endoscopic swallowing evalua-
tion at least once prior to starting oral intake. First,
salivary pooling in the vallecula and piriform sinuses was
evaluated. The response of the glottal closure reflex was
also evaluated by touching the epiglottis with the tip of
endoscope. When glottal closure reflex was not elicited
by touching the epiglottis, the result was confirmed by
attempting to touch the epiglottis with the endoscope at
least three times before absence of glottal closure reflex
was declared. The swallowing trial was then performed
following ingestion of a 3 mL of test diet contained in a
spoon. The interior larynx and airway were examined
before and after each swallow for the presence of food
within the laryngeal vestibule and/or aspiration of test
materials below the true vocal folds. Silent aspiration,
defined as lack of cough or gag reflex when the test
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materials passed into the trachea, was also noted.

This scoring system was based on our previously
clinic-based scoring for endoscopic swallowing eva-
luation using a blue-dyed water test meal™. Table 1
shows the modified scoring method that consists of four
parameters: (1) salivary pooling in the vallecula and
piriform sinuses (Figure 1); (2) the response of glottal
closure reflex induced by touching the epiglottis with
the tip of the endoscope; (3) the location of the bolus
at the time of swallow onset assessed by “white-out”
following swallowing of test jelly; and (4) the extent
of pharyngeal clearance after swallowing of test jelly.
The four parameters above are scored using a 4 point
scale of 0 to 3 (Table 1). The final Hyodo-Komagane
score is expressed as the total score (0 to 12) of the
four parameters. All patients for whom the endoscopic
swallowing evaluation was performed during the time
period of the study had the score recorded in the clinical
chart.

Test diets
Test jelly, that is gelatin jelly (Isotonic jelly®, Nutri
Co., Ltd., Yokkaichi, Japan) is shown in Figure 2. The
characteristics were as follows: Hardness, 5000 N/m?;
cohesiveness, 0.4; adhesiveness, 89 J/m®. The swallow-
ing of test jelly was attempted for all subjects who under-
went endoscopic swallowing evaluation. When the test
jelly was absent from pharyngeal cavity after swallowing
was attempted two or three times, swallowing of test
jelly was regarded as successful. If swallowing of the
test jelly was successful, swallowing of a semi-solid diet
(Elental® jelly, Ajinomoto Pharmaceutical Co., Tokyo,
Japan) and pureed diets was attempted.

The semi-solid diet (Elental® jelly) was made by
adding a thickening agent (Jelly mix®, Ajinomoto
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Figure 1 Endoscopic images of Hyodo-Komagane score. Salivary pooling in vallecula and piriform sinuses. A: A-0 no pooling; B: A-1 pooling at the only vallecula; C:
A-2 pooling in vallecula and piriform sinuses and no penetration into larynx; D: A-3 pooling in vallecula and piriform sinuses and penetration into larynx.

Figure 2 Test jelly used in this study (Isotonic jelly®, Nutri Co., Ltd., Yokkaichi,
Japan).

Pharmaceutical Co.) which contained 11.7% agar, sugar,
stabilizer, and other ingredients to an elemental diet,
Elental®. The thickening agent (5.8 g) was dissolved
with 150 mL of hot water, and 80 g of Elental® was
added to the solution which was then cooled to harden.
The texture characteristics were: Hardness, 17000 +
640 N/m?; cohesiveness, 0.14 + 0.0066; adhesiveness,
150 £ 49 J/m’.

Assessment of oral intake of pureed diets

Except for patients in whom pureed diet was noted
to penetrate into the larynx after swallowing the
pureed diet, feeding of pureed diets was attempted
and assessed once each day by a speech therapist
throughout the subjects’ hospitalization, irrespective of
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Hyodo-Komagane score. When patients were able to
eat sufficient pureed diet to meet their daily nutritional
requirements for at least 5 d, they were judged to
be able to be managed with pureed diets. Dysphagia
diets at next higher level were then attempted at the
discretion of the speech therapist. The status of oral
intake of dysphagia diets was noted.

Statistical analysis

Sensitivity and specificity of variables were based on
receiver operating characteristic (ROC) curve analysis. In
a ROC curve the true positive rate (sensitivity) is plotted
in function of the false positive rate (100-specificity)
for different cut-off points of a parameter. Each point
on the ROC curve represents a sensitivity/specificity
pair corresponding to a particular decision threshold.
The area under the ROC curve is a measure of how
well a parameter can distinguish between two groups
(successful/unsuccessful). Statistical analysis was per-
formed by using JMP® 9.0.2 version software (SAS
Institute, Inc., Japan).

RESULTS

One hundred and seventy-eight dysphagic subjects
were included in this study. Their demographic and
clinical data are shown in Table 2. There were 113 men
(63%) with a mean age of 83 years (range: 66-98).
Approximately 70% (124 patients) were 80 years and
over. Severe comorbid diseases such as cerebrovascular
disease (38%), aspiration pneumonia (32%), and
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Figure 3 Endoscopic image of Hyodo-Komagane score. A: Before swallowing of test jelly; B: D-3 pharyngeal residues remain and penetrate into larynx after

swallowing of test jelly.

Table 2 Demographic and clinical data in 178 patients who

underwent endoscopic evaluation of swallowing

n (%)

Gender male, female 113 (63), 65 (37)
Mean age range (yr) 83 (66-98)

65-69 11 (6)

70-79 43 (24)

80-89 88 (50)

90 and over 36 (20)
Comorbid diseases

CVD 68 (38)

Aspiration pneumonia 57 (32)

Neuromuscular disease 35 (20)

Others 18 (10)

Values are n (%) of patients except for mean age. CVD: Cerebrovascular
disease.

neuromuscular disease (20%) were common. Patients
who had developed new cerebrovascular disease,
myocardial infarction, and aspiration pneumonia within
two weeks were not included. Fifty-two patients had
remaining pharyngeal residue seen to penetrate into
the larynx after swallowing the test jelly (D-3) (Figure
3). In nine of these patients the pureed diet also pene-
trated into larynx. With these patients feeding trials
were not attempted to avoid aspiration pneumonia.
In the remaining 169 patients, swallowing trials of the
pureed diet were attempted. Overall, 126 (71%) of
178 patients were able to eat pureed diets or a higher
level of dysphagia diet that fulfilled their daily nutritional
needs [the observation period: Mean £ SD (range),
19 £ 14 d (5-58 d)]. The remaining 43 patients were
judged to fail the subsequent pureed food tests because
the amount they ate was less than their daily nutritional
needs.

Figure 4 shows the distribution of Hyodo-Komgane
scores among the 178 patients who underwent endo-
scopic swallowing evaluation (lower scores are better).
Using ROC curve analysis of the Hyodo-Komagane
scores, the area under the curve was 98.3% (95%CI:
0.097-0.996) (Figure 5). The optimal cut-off value of
successful oral intake of pureed diets was a score of 7
(sensitivity = 0.98; specificity = 0.91). In 115 patients
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Figure 4 Distribution of a new scoring (Hyodo-Komgane score) in 178
patients undergoing endoscopic evaluation of swallowing.

with Hyodo-Komagane scores of 7 or less only one
patient was not able to maintain adequate nutritional
status with pureed diets (his Hyodo-Komagane score
was 6). Ten (53%) of the 19 patients whose scores were
8 were able to eat pureed diets after a rehabilitation
using the semi-solid diet made from an elemental diet.
Oral intake of pureed diets was unsuccessful for those
with scores of 9 or higher on the Hyodo-Komagane
score (Table 3). For patients who could not eat pureed
diets, enteral feeding was employed.

Adverse events

No adverse events such as cardiopulmonary events or
aspiration pneumonia occurred in included subjects of
this study.

DISCUSSION

The aim of this study was to obtain a cut-off value of
the Hyodo-Komagane score that reliably predicted
the ability to eat pureed diets in elderly patients with
dysphagia. The Hyodo-Komagane scoring system differs
from the original Hyodo score® with regard to the
assessment of salivary pooling in that it uses a test jelly
instead of blue-dyed water as the test meal. Jelly was
used because it is very difficult for severe dysphagic
patients to swallow water. In addition, we previously
demonstrated a low agreement in judging the presence
or absence of glottal closure response as whether the
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Table 3 Association between Hyodo-Komagane score and
oral intake of pureed diets

Score Oral intake of pureed diets
0-7 Successful 100%

8' Successful in some cases
9-12 Unsuccessful

'Some patients were able to eat pureed diets after a rehabilitation.

reflex was elicited depended on how and whether the
endoscopists actually touched the epiglottis’®’. Because
it is difficult to be confident that the tip of the endoscope
touches the epiglottis, we attempted to touch the
epiglottis with the endoscope at least three times prior
to scoring the reflex of glottal closure as absent. We
speculate that this increased the reliability of making
that determination and thus the Hyodo-Komagane
modification of the scoring system improved both the
validity and reliability of Hyodo score.

Dysphasia diets vary considerably from facility to
facility. Dysphagia diets are designed to adjust food/
liquid intake in terms of amount, consistency, and
timing of the meal to achieve maximal nutritional intake
and minimize swallowing difficulty. Traditional oral
dysphagia diets typically involve a stepwise progression
of bolus consistencies. A pureed diet is the basic level
of swallowing for severe dysphagia patients. When
dysphagia patients can swallow pureed diets, they
generally do not require enteral nutrition including
PEGP®, The aim of this study was to develop methods
to prospectively assess whether elderly patients with
severe dysphagia could eat pureed diets. ROC analysis
of this study suggested that the cut-off value of the
Hyodo-Komagane score for eating the pureed diets is
7 (sensitivity = 0.98; specificity = 0.91) for predicting
successful oral intake of pureed diets in elderly patients
with dysphagia.

In the Hyodo-Komagane score the extent of pha-
ryngeal clearance after swallowing of test jelly was
regarded as important. Pharyngeal residue has con-
sistently been identified to be greater using endo-
scopic evaluation of swallowing than when using video-
fluoroscopy!® and penetration/aspiration was also
perceived to be more severe with endoscopic evaluation
of swallowing compared to videofluoroscopy imagest**..
Penetration/aspiration is thought to be a clinically im-
portant variable in patients with swallowing dysfunction
and is likely to be associated with an increased risk of
aspiration/pneumonia. However, the agreement between
the gastroenterologists regarding the presence of pene-
tration/aspiration was found to be poor in our previous
study™. Here, we scored penetration/aspiration only
when penetration of saliva or the pharyngeal residues
of test jelly into the larynx occurred. These phenomena
were adopted as A-3 or D-3 in Hyodo-Komagane score.

In addition, the response of glottal closure reflex
induced by touching the epiglottis with the endoscope
was examined to assess the relationship between the
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Figure 5 Receiver operating characteristic curve to evaluate the prediction
capability of the Hyodo-Komgane score for successful oral intake of pureed
diets.

sensory and motor components of the swallow. The
relationship between laryngopharyngeal sensation
and motor function has been well documented™* and
patients with impaired pharyngeal squeeze at different
levels of sensory deficits are at significantly greater risk
for aspiration of pureed foods compared with those
with normal squeeze!™!, While the use of 0.5 mL of 4%
lidocaine during endoscopic swallowing evaluation has
been reported to impair swallowing ability in patients
with dysphagia, this result did not achieve statistical
significance and was associated with a reduction in
subjective pain and discomfort™”. A recent study con-
firmed that 0.2 mL of 4% lidocaine improved exami-
nation tolerability and did not impair the swallowing
activity in dysphagic patients during endoscopic swallo-
wing evaluation!*®!. Therefore, we speculated that the
amount (0.2-0.5 mL) of lidocaine used in this study
had minimal effects on testing the sensory aspects of
swallowing.

Our study has some limitations. This study was
retrospective and comparative data using established
competitive techniques are absent in part because there
was no gold standard for detection of failure to swallow.
Comparison with the other commonly used method such
as with a videofluoroscopic swallowing study may provide
useful comparative data in subsequent studies. Finally,
all subjects were older than 65 years. It is unknown
whether the prediction based on the Hyodo-Komagane
endoscopic score are applicable to those less than 65
years old.

In conclusion, the modified scoring method for
endoscopic swallowing evaluation was based on final
score (from 0 to 12) using four parameters: (1) the
salivary pooling in the vallecula and piriform sinuses; (2)
the response of glottal closure reflex induced by touching
the epiglottis with the endoscope; (3) the location of the
bolus at the time of swallow onset assessed by “white-
out” after the swallowing of test jelly; and (4) the extent
of pharyngeal clearance after test jelly is swallowed. A
total score of 7 or less during endoscopic swallowing
evaluation reliably predicted the ability to eat pureed
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diets. The use of the modified scoring system appears
to be a reliable method to decide whether the elderly
patients can eat pureed diets or requires enteral feeding.
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Background

Pureed diets are often used as an initial dysphagia diet for patients with
moderate to severe dysphagia because, if the dysphagic patients can fulfill their
nutritional requirements by eating pureed diets, they can avoid enteral feeding
using a percutaneous endoscopic gastrostomy tube. However, no methods
for predicting successful oral intake of pureed diets in elderly patients with
dysphagia have been established.

Research frontiers

The authors’ group pioneered a scoring system for endoscopic swallowing
evaluation in elderly patients with dysphagia; the authors think that the method
for predicting successful oral intake of pureed diets in elderly patients with
dysphagia should be established and they provide support to their hypothesis
with this paper, reporting that the Hyodo-Komagane endoscopic score is useful
to predict the ability to eat pureed diets in elderly patients with dysphagia.

Innovations and breakthroughs

Endoscopic and videofluoroscopic examinations have been used to evaluate
swallowing and to quantify the risk of aspiration. However, endoscopic
determination of whether patients could swallow pureed diets was not always
reproducible or safe especially for severely dysphagic patients. Irreproducibility
was possibly related to variability in the texture and physical characteristics of
the pureed diet despite being prepared in the same facility. This paper shows
a new scoring system for endoscopic swallowing evaluation using a test
jelly so that elderly patients with severe dysphagia can undergo endoscopic
examination of swallowing safely even unable to swallow pureed diets; in
addition, the cut-off value of the score for eating the pureed diets was defined
as 7 (sensitivity = 0.98; specificity = 0.91).

Applications

Elderly patients with dysphagia will benefit from the use of Hyodo-Komagane
endoscopic score which is useful to predict the ability to eat pureed diets. If
evaluated with this scoring system, avoiding unfavorable enteral feeding.

Terminology

When saliva or test jelly enters the glottis (opening to the trachea) and moves
as far as the vestibule above the true vocal folds, this is termed as penetration;
aspiration is defined when the test materials passed into the trachea below the
true vocal folds. White-out is defined as the period when the videoendoscopic
image is obscured owing to pharyngeal closure.
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Abstract

AIM: To evaluate the effectiveness of automated
irrigation pumps (AIPs) in improving the quality of the
bowel preparation and the yield of colonoscopy.

METHODS: A retrospective observational study was
conducted at a single medical center. Outpatient
colonoscopies performed during a 4-mo time period
when AIPs were not in use, were compared to colono-
scopies performed during control period. The main
outcomes measured were quality of bowel preparation,
procedures aborted due to poor preparation, recom-
mendations to repeat at short interval due to sub-
optimal bowel preparation and adenoma detection
rates.
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RESULTS: One thousand and thirty-seven colono-
scopies were included. A higher proportion of cases
did not achieve a satisfactory bowel preparation when
AIPs were not used (24.4% vs 10.3%, P < 0.01).
The number of procedures aborted due to inadequate
preparation was not significantly different, however a
repeat procedure at a short interval was recommended
in a higher proportion of cases when AIPs were not
used (21.3% vs 6.9%, P < 0.01). Good or excellent
preparation was 2.91 (95%CI: 2.04-4.15) times more
likely when AIPs were used. Detection of polyps and
adenomas was not significantly different.

CONCLUSION: AIP use during colonoscopy results
in a higher proportion of colonic preparation rated
as satisfactory, although polyp detection rate is not
significantly affected. Recommendations for repeat
colonoscopy at shorter interval significantly decrease
with the use of AIPs. This study supports the use of
the irrigation pumps in endoscopy units to improve the
quality of colonoscopy.

Key words: Automated irrigation pumps; Adenoma;
Quality; Polyps; Bowel preparation; Surveillance interval;
Colonoscopy

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The use of automated irrigation pumps during
colonoscopy results in higher quality of preparation and
decreases recommendations for repeating colonoscopy
at short interval.

Ravi S, Sabbagh R, Antaki F. Use of automated irrigation pumps
improves quality of bowel preparation for colonoscopy. World J
Gastrointest Endosc 2016; 8(6): 295-300 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v8/i6/295.htm DOI:
http://dx.doi.org/10.4253/wjge.v8.i16.295

INTRODUCTION

Colorectal cancer (CRC) is the third most common
cancer and the second leading cause of cancer deaths in
the United States™?. Colonoscopy is used for screening
to detect early cancer, and may also prevent CRC by
detection and removal of the CRC neoplastic precursor,
the adenomatous polyp™®'. Improving the yield of
colonoscopy has attracted much attention in recent
years'®. In the past, manual irrigation using water-filled
syringes, was used to clean any retained fecal matter
or colonic contents, in order to allow for a detailed
examination of the colonic mucosa and therefore
to improve the yield of colonoscopy”®. Automated
irrigation pumps (AIPs), which are operated by a foot
pedal and connect to the auxiliary channel of newer
generation endoscopes have largely replaced the manual
irrigation method, as they are much more efficient and
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convenient. It is, however, not known whether the AIPs
increase the detection of polyps during colonoscopy
when compared to the manual method. Moreover,
the efficacy of these AIPs in decreasing the rate of
procedures prematurely repeated due to inadequate
bowel preparation has also never been studied. The
aim of this study is to evaluate the effectiveness of
AlPs in improving the quality of the bowel preparation,
improving the yield of colonoscopy and decreasing
the rate of repeat colonoscopy for inadequate bowel
preparation.

MATERIALS AND METHODS

Study design

The study was conducted at the John D. Dingell Veterans
Affairs Medical Center (JDDVAMC) in Detroit, Michigan.
It was approved by the Wayne State University Insti-
tutional Review Board and the JDDVAMC Research
Committee.

A retrospective chart review was performed for
colonoscopies completed during the study periods. The
use of AIPs was suspended at the endoscopy unit of the
JDDVAMC for a period of 4 mo in 2009 for administrative
reasons; therefore patients who underwent colonoscopy
during this period constituted the main study group.
For these procedures, manual irrigation was performed
at the request of endoscopist, when retained fecal or
bilious material was encountered. It was done by a
technician using syringes filled with 60 mL of sterile
water through the suction channel of the endoscope.
Patients who underwent colonoscopy in an eight-month
period in 2008 and 2009 constituted the control groups.
They were selected to match the level of training of
the gastroenterology fellows involved and the calendar
year of the study group. Standard bowel preparation
for both groups consisted of conventional dosing of a
4-L polyethylene glycol solution and 15 mg of Bisacodyl
the evening prior to endoscopy. Colonoscopies that
were aborted due to reasons other than poor colonic
preparations, procedures repeated at a short interval
(such as for follow-up after piecemeal polypectomy),
colonoscopies performed on hospitalized patients,
and those performed by non-gastroenterologists were
excluded from the study.

Information was collected by review of the medical
records about each patient’s demographics, indication
for the procedure, history of prior adenomatous polyps
or cancer, involvement of a gastroenterology fellow, use
of the AIPs, quality of the colonic preparation, detection
of polyps and adenomas, with all associated details,
and if the procedure was aborted due to sub-optimal
preparation or if it was advised to repeat the procedure
sooner than recommended by guidelines due to the
quality of the preparation.

Colonoscopy was performed using Olympus Q160
and Q180 endoscopes (Olympus America Inc., Center
Valley, PA). Some procedures were performed by an
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Table 1 Baseline characters of the study population

Manual flushes

Automated irrigation pumps P value

n 328
Age, yr (mean, 95%CI) 60.0 (59.0-61.1)
Gender, 1 (%)

709

60.3 (59.6-61.1)

Female 18 (5.5) 49 (6.9)

Male 310 (94.5) 660 (93.1)
Race, n (%)

African-American 176 (53.7) 359 (50.6)

Caucasian 146 (44.5) 341 (48.1)

Others 6 (1.8) 9 (1.3)
Performed by: 1 (%)

Attending physician alone 65 (19.8) 156 (22.0)

GI fellow with attending physician 263 (80.2) 553 (78.0)
Indications, 1 (%)

Screening 191 (58.2) 373 (52.6)

Diagnostic 137 (41.8) 336 (47.4)
History of CRC/polyps, 1 (%)

No 238 (72.6) 527 (74.3)

Yes 90 (27.4) 182 (25.7)

0.70
0.34

0.47

0.42

0.09

0.55

GI: Gastroenterology; CRC: Colorectal cancer.

attending physician alone (board-certified in Gastro-
enterology), while, in other cases, the attending phy-
sician directly supervised a gastroenterology fellow.
Attending physicians involved in the procedures were
the same during the different study periods. AIPs (OFP,
Olympus America Inc., Center Valley, PA) were available
in every procedure room and routinely connected to
the endoscope during the control period. Indications
for colonoscopy were classified into either screening or
diagnosis. The bowel preparation was determined by
the attending physician for every case and reported
in the endoscopy report using the Aronchick scale',
as excellent, good, fair or poor. For our study, we con-
sidered the bowel preparation to be satisfactory if the
procedure report described it as either good or excellent,
no retained fecal material was mentioned in the findings
and no recommendation for repeat at short interval for
sub-optimal bowel preparation was made.

The primary outcomes were quality of the bowel
preparation and the number of procedures aborted or
repeated early due to sub-optimal preparation. The
secondary outcomes evaluated were detection rates for
polyps and adenomas.

Statistical analysis

SAS version 9.3 (SAS Institute, Cary, NC) was used
for statistical analyses. For the preliminary descriptive
analyses, z° test was used for the description of cate-
gorical variables and a two-sided t-test was used for
continuous variables for the comparison of means.
Multivariable logistic regression model was used to
compare the outcomes between the groups. Odds ratio
was considered to be statistically significant if the P value
was less than 0.05.

RESULTS

Information was collected for a total of 1037 colono-
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scopies. AIPs were used for 709 procedures. Mean
age of the group was 60.23 years. Majority was male
(93.5%). The study group included 535 (51.6%)
African-Americans and 487 (47%) Caucasians. Five
hundred and sixty-four colonoscopies were performed
for screening or surveillance (54.4%), while 473
(45.6%) were performed for diagnostic purposes. Two
hundred and seventy-two (26.2%) of the patients had
a prior history of polyps/CRC. The two groups were
not significantly different in the demographic factors,
endoscopist, indication for the procedure or history of
polyps or CRC (Table 1).

A significantly higher proportion of cases did not
achieve a satisfactory bowel preparation when manual
flushes were used as compared to when AIPs were used
(24.4% vs 10.3%, P < 0.01) (Table 2). Although the
number of procedures aborted due to poor preparation
was slightly higher in the group with manual flushes,
this was not statistically different (P = 0.10). However a
repeat procedure at a short interval was recommended
in a significantly higher proportion of cases when manual
flushes were used (21.3% vs 6.9%, P < 0.01). On
multivariate logistic regression analysis, after adjusting
for indication, history of polyps or CRC, sex, age and
race, odds of calling bowel preparation satisfactory was
2.91 (95%CI: 2.04-4.15) times more likely when AIPs
were used in comparison to manual flushes. When
adjusted for the same variables, the detection of polyps
and adenomas was not significantly different between
the two groups.

DISCUSSION

Colonoscopy is a cost-effective (USD 11900 per year of
life gained)™ tool for screening and prevention of CRC
through the detection and removal of pre-cancerous,
adenomatous polyps. However sub-optimal bowel
preparation limits the effectiveness of colonoscopy as it
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Table 2 Colonoscopy results stratified by the use of the automated irrigation pumps

Manual flushes

Automated irrigation pumps

Odds ratio (95%CI)
P value

n 328
Prep quality, n (%)

Sub-optimal prep 80 (24.4)

Satisfactory prep 248 (75.6)
Procedure aborted due to poor prep, n (%)

No 323 (98.5)

Yes 5(1.5)
Recommendation to repeat early due to prep quality, 1 (%)

No 258 (78.7)

Yes 70 (21.3)
Polyp detection, n (%)

Yes 194 (59.2)

No 134 (40.8)
Adenoma detection, n (%)

Yes 133 (40.6)

No 195 (59.4)

709
291 (2.04-4.15)

P <0.01
73 (10.3)
636 (89.7)
2.45 (0.92-6.50)
P=010
684 (96.5)
25 (3.5)
0.27 (0.18-0.40)
P <0.01
660 (93.1)
49 (6.9)
0.85 (0.64-1.12)
P =060
407 (57.4)
302 (42.6)
0.99 (0.75-131)
P=065
298 (42.0)
411 (58.0)

can result in a higher than usual rate of missed polyps,
which can lead to interval cancers'"!. Studies have shown
than endoscopists do not always follow guidelines and
frequently recommend repeat colonoscopy at a shorter
interval than suggested by those guidelines!*>**), This
makes colonoscopy less cost-effective as a CRC screening
modality. The reasons for such recommendations are not
well known!*?, however the fear of missed lesions when
bowel preparation is sub-optimal is probably a major
factor™,

For all these reasons, a lot of attention has been
paid in recent years towards improving the quality of
bowel preparation, such as multiple studies comparing
different types and brands of laxatives used for bowel
preparation, as well as the recommended changes in
the timing of those laxatives to “split dose” ™',

However, there has not been much research to
evaluate the effectiveness of AIPs in enhancing the
adenoma detection rate, improving the quality of bowel
preparation or decreasing the rate of procedures prema-
turely aborted and repeated due to inadequate bowel
preparation. Our study supports the hypothesis that the
use of AIPs during colonoscopy results in a significantly
higher proportion of colonic preparation being rated as
satisfactory with a corresponding decline in the odds
of recommending a repeat procedure at a shorter than
usual interval.

Our study results are in concurrence with other
studies evaluating the relationship between quality of
the bowel prep and the recommendation from the endo-
scopist about the timing of the repeat procedure!***®,
As colonoscopy is usually aborted when the bowel pre-
paration is very poor and unlikely to be improved with
any type of irrigation, manual or automated, there was
no difference in the rate of procedures aborted for poor
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preparation in our study.

Although studies have shown an increase in ade-
noma and polyp detection rate with improvement in
the quality of bowel prep!®**2!! we did not find an
increased rate of adenoma or polyp detection with the
use of AlIPs, despite the improvement in the quality of
the bowel preparation. We believe this could possibly be
from the heightened vigilance of the endoscopist when
the use of AIPs was suspended for a limited period
of time in our unit, and the results might have been
different if the AIPs were introduced for the first time
during the study.

The study has a few limitations. The retrospective
design has some inherent limitations. The determination
of the quality of preparation was based on each in-
dividual endoscopist’s interpretation on the Aronchick
scale. Withdrawal time was not routinely recorded
in our endoscopy unit at the time of the study. The
influence of cleaning using manual flushes or AIPs on
total procedure as well as on withdrawal times, which
might be different depending on the quality of the
bowel preparation, could not be determined. The total
volume of water used in either group was not recorded.
Although the devices were routinely connected to the
endoscope for every single case in the AIPs group,
while they were not available in the other group, we
could not determine if irrigation by either method was
indeed used in every case. Some of the information
that could influence adenoma detection rate such as
lifestyle and dietary habits could not be evaluated. The
sample in itself included both diagnostic and screening
colonoscopies. We attempted to alleviate the bias by
adjusting for indication of colonoscopy. In addition, our
study population was from a Veterans Affairs medical
center with a majority of African-American males. This
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might limit the generalizability of the results of the
study. The suspension of the use of AIPs for a period
of time might by itself have led to results that could be
different if AIPs were being introduced to an endoscopy
unit for the first time. As we used the conventional
bowel preparation regimen in our endoscopy unit at the
time of the study, we could not evaluate the usefulness
of AIPs with split dose bowel regimen.

In conclusion, our study provides evidence that AIPs
improve the endoscopist assessment of the quality
of the bowel preparation and reduce the number of
repeat procedures due to sub-optimal preparation.
This supports the widespread use of these devices in
endoscopy units to improve the quality of colonoscopy.

COMMENTS

Background

Colonoscopy is used for screening to detect early cancer, and may also prevent
colorectal cancer (CRC) by detection and removal of the CRC neoplastic
precursor, the adenomatous polyp. Automated irrigation pumps (AIPs), which
are operated by a foot pedal and connect to the auxiliary channel of newer
generation endoscopes have largely replaced the manual irrigation method, as
they are much more efficient and convenient. It is, however, not known whether
the AlPs increase the detection of polyps during colonoscopy when compared
to the manual method. Moreover, the efficacy of these AIPs in decreasing the
rate of procedures prematurely repeated due to inadequate bowel preparation
has also never been studied.

Research frontiers

AlIPs, which are operated by a foot pedal and connect to the auxiliary channel
of newer generation endoscopes have largely replaced the manual irrigation
method, as they are much more efficient and convenient.

Innovations and breakthroughs

The aim of this study is to evaluate the effectiveness of AIPs in improving
the quality of the bowel preparation, improving the yield of colonoscopy and
decreasing the rate of repeat colonoscopy for inadequate bowel preparation.

Applications

This study provides evidence that AIPs improve the endoscopist assessment
of the quality of the bowel preparation and reduce the number of repeat
procedures due to sub-optimal preparation. This supports the widespread use
of these devices in endoscopy units to improve the quality of colonoscopy.

Peer-review

This manuscript by Ravi et al describes a retrospective evaluation of patients
receiving colonoscopy performed with manual irrigation or an automatic
irrigation device. The manuscript is certainly relevant to modern endoscopic
practices.
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Abstract

AIM: To identify characteristic endoscopic findings and
risk factors for cytomegalovirus (CMV)-associated colitis
in patients with active ulcerative colitis (UC).

METHODS: A total of 149 UC patients admitted to the
Department of Gastroenterology, Nagoya University
Hospital, from January 2004 to December 2013 with
exacerbation of UC symptoms were enrolled in this
retrospective study. All medical records, including colo-
noscopy results, were reviewed. CMV infection was
determined by the presence of CMV antigen, CMV
inclusion bodies in biopsy specimens, or positive specific
immunohistochemical staining for CMV. Multivariate
analysis was used to identify independent risk factors
for CMV colitis.

RESULTS: Multivariate analysis indicated independent
associations with the extent of disease (pancolitis) and

March 25,2016 | Volume 8 | Issue 6 |



Hirayama Y et a/. Cytomegalovirus and ulcerative colitis

use of > 400 mg corticosteroids for the previous 4 wk.
In contrast, no association was seen with sex, age at
UC diagnosis, immunomodulator use, or infliximab use.
Punched-out ulceration was also significantly associated
with CMV infection in patients with active UC (odds
ratio = 12.672, 95%CI: 4.210-38.143).

CONCLUSION: Identification of a total corticosteroid
dose > 400 mg for 4 wk, extensive colitis and a specific
endoscopic finding of punched-out ulcer might facilitate
the more rapid diagnosis and timely initiation of anti-
viral therapy for CMV-associated colitis in patients with
active UC.

Key words: Colonoscopy; Risk factor; Ulcerative colitis;
Antigenemia; Cytomegalovirus

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It has been reported that cytomegalovirus
(CMV) infection can be associated with steroid re-
sistance and be an exacerbating factor in ulcerative
colitis (UC). This paper provides important information
regarding characteristic endoscopic findings and risk
factors for CMV-associated colitis in patients with active
UC. A total corticosteroid dose > 400 mg for 4 wk and
extensive colitis are associated with an increased risk
of CMV-associated colitis. In addition, punched-out
ulceration appears predictive of CMV-associated colitis
in active UC.

Hirayama Y, Ando T, Hirooka Y, Watanabe O, Miyahara R,
Nakamura M, Yamamura T, Goto H. Characteristic endoscopic
findings and risk factors for cytomegalovirus-associated colitis
in patients with active ulcerative colitis. World J Gastrointest
Endosc 2016; 8(6): 301-309 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v8/i6/301.htm DOI: http://dx.doi.
org/10.4253/wjge.v8.i6.301

INTRODUCTION

Cytomegalovirus (CMV), a member of the double-
stranded DNA human herpes virus family, is reported
to infect between 40% and 100% of the general
population™. Primary CMV infection is asymptomatic
or minimally symptomatic, and is followed by a latent
state, similar to other herpes virus infections'?!. Most
cases of symptomatic CMV infection are therefore
caused by reactivation of latent virus!*™.,

Although active CMV infection can occur in immuno-
competent individuals, it occurs most frequently in
immunocompromised patients, such as those with ac-
quired immunodeficiency syndrome, leukemia patients
during chemotherapy, and patients on high-dose immu-
nosuppressants (e.g., recipients of solid organ or bone
marrow transplants)™*7,

Powell et al® reported that CMV infection in patients
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with ulcerative colitis (UC) was associated with exacer-
bation of symptoms, while one early retrospective study
reported the presence of CMV in surgical specimens of
patients who underwent colectomy for the treatment
of toxic megacolon or steroid-resistant UC'®’. However,
the significance of CMV infection in inflammatory bowel
disease (IBD) is still controversial, and the pathogenic
role of CMV infection in IBD is debated: Some authors
believe that CMV is only an “innocent bystander” and
does not significantly impact outcome, whereas many
other studies have reported a significant association
between CMV infection and IBD!%*%,

Active CMV infection has been observed in UC
patients receiving high-dose corticosteroid therapy!>*”.,
From 27% to 100% of patients with steroid-refractory
UC have been found to harbor CMV, and steroid re-
sistance is one of the central characteristics of CMV
infection in UC patients!®'*'®2!, Moreover, multiple
studies have concluded that CMV infection can be an
exacerbating factor in UC patients and that UC prognosis
is generally poor in patients with CMV if anti-viral therapy
is not started at an early stage!****"5%%3,

Thus, CMV infection may exacerbate UC and may
even cause death if appropriate treatment is not given.
Although the development of ganciclovir (GCV) antiviral
therapy has improved outcomes of CMV-associated
colitis®™"”*®, CMV infection must still be diagnosed early
in corticosteroid-resistant UC patients so that antiviral
therapy can be initiated as soon as possible. However,
it is difficult to distinguish exacerbation of UC by CMV
infection from exacerbation not associated with CMV
on the basis of symptoms and signs alone. In such
cases, UC symptoms, signs, and severity in patients at
risk of CMV-associated colitis are routinely evaluated
by endoscopy. While a few such studies have reported
the absence of any characteristic endoscopic findings
in patients with UC complicated by CMV infection*,
others have reported characteristic endoscopic features,
including the absence of large single ulcers and the
presence of longitudinal ulcers, microerosions, deep
ulcers, pseudotumors, punched-out ulcers, mucosal
defects, geographic ulcers, and irregular ulcers!*>3%,
These studies have methodological differences, however,
and no consensus on unique endoscopic features that
can be used to facilitate early diagnosis of CMV-asso-
ciated colitis in UC has yet been obtained.

Against this background, we conducted a retro-
spective review of all clinical and endoscopic findings in
a large cohort of patients with moderate to severe UC
with symptom exacerbation to identify risk factors and
characteristic endoscopic findings of CMV-associated
colitis.

MATERIALS AND METHODS

Patients

This study was a retrospective analysis of medical
charts and endoscopic images obtained from patients
diagnosed with moderate to severe (active) UC. From

March 25,2016 | Volume 8 | Issue 6 |



171 active (moderate to severe) UC patients were admitted into the
gastrointestinal department between January 2004 and December 2013
n=171

1

2

149 active (moderate to severe) UC patients who underwent
colonoscopy and blood examination using CMV Ag assay were enrolled
n =149

RN

Diagnosis of CMV colitis | | Diagnosis of active UC without CMV infection
n=34 n =115

3 4

Figure 1 Clinical course of cytomegalovirus-associated colitis in patients
with moderate to severe ulcerative colitis. Flow chart of the 171 patients
admitted to our department with active UC. 'Seven patients with a history
of CMV-associated colitis or anti-CMV treatment were excluded; Fifteen
patients who had not undergone colonoscopy and examination using the CMV
antigenemia assay were also excluded; *Out of 34 UC patients with CMV-
associated colitis, 26 received GCV antiviral therapy. After GCV therapy, 13
patients achieved remission, but 13 required colectomy. Eight patients did not
receive GCV antiviral therapy, 4 of whom underwent colectomy; “The remaining
115 UC patients not diagnosed with CMV-associated colitis received treatment
for active UC, of which 81 achieved remission. Of the remaining patients, some
improved but did not fulfill remission criteria, while others required a second
treatment, hospitalization, or colectomy. CMV: Cytomegalovirus; UC: Ulcerative
colitis; Ag: Antigenemia; GCV: Ganciclovir.

January 2004 to December 2013, a total of 171 UC
patients were admitted to the Department of Gastro-
enterology, Nagoya University Hospital, with exacer-
bation of UC symptoms (Figure 1). The diagnosis of
UC was based on clinical, endoscopic, radiological, and
pathological criteria, and the severity of UC was asse-
ssed according to Stange et af*"!, Truelove et al®* and
Dignass et al**!, We routinely examine CMV antigenemia
in such patients, and almost all undergo colonoscopy
or sigmoidoscopy at admission™*>%!, Of the present 171
patients, we excluded 7 patients with a previous history
of CMV-associated colitis or anti-CMV treatment, as well
as 15 patients who had not undergone colonoscopy
or examination using the antigenemia assay. Finally,
149 patients who received both a blood test for CMV
antigenemia and endoscopic examination at admission
were included in the analysis.

The following demographic and clinical data were
obtained at the time of admission and classified accord-
ing to the Montreal Classification™**: Age at admission,
age at diagnosis, sex, familial or spontaneous disease
(familial disease was considered when at least one first-
or second-degree relative was diagnosed with IBD),
and disease localization (proctitis, left sided colitis, or
pancolitis) as revealed by colonoscopy.

Endoscopic findings

Disease severity was assessed by colonoscopy. If ulcers
were present, the shape and depth were described,
and biopsies were obtained at the margin and base
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for histologic investigation. If no ulcers were detected,
biopsies were obtained in the areas with the most severe
inflammation. Colonic biopsy specimens were fixed,
paraffinized, and stained with hematoxylin and eosin (HE)
and specific immunohistochemical (IHC) staining with
monoclonal antibody against CMV immediate early anti-
gen'®¥, Specimens were also evaluated for the presence
of characteristic CMV inclusion bodies by experienced
pathologists.

Diagnosis of CMV infection/CMV-associated colitis

CMV infection was defined by a positive CMV anti-
genemia assay, the presence of inclusion bodies in HE
stained sections, or positive specific IHC staining for
CMV. Diagnosis of CMV-associated colitis in patients with
active UC was determined by active UC complicated by
CMV infection.

Ethical considerations

The study protocol was approved by the institutional
review board of Nagoya University Graduate School of
Medicine.

Statistical analysis

Data are presented as mean £ SD or number (%) as
appropriate. Categorical data were compared between
groups using the »* or Fisher’s exact test. Continuous
variables were compared using the Mann-Whitney U
test. To identify candidate risk factors and characteristic
endoscopic features for CMV-associated colitis, univariate
analyses were conducted using Fisher’s exact test. All
factors which were significant on univariate analysis
were entered into multivariate logistic regression models
constructed to identify significant independent risk
factors and characteristic endoscopic features of CMV-
associated colitis. For continuous variables, we found
the best cut-off value with plotting the area under the
receiver operating characteristic curve. The results are
expressed as odds ratios (ORs) with 95%CIs. P-values
less than 0.05 were considered statistically significant
for all tests. All statistical analyses were performed using
SPSS Statistics 21.0 (SPSS Inc., Chicago, IL).

RESULTS

Patient characteristics

A total of 149 UC patients presenting with UC symptom
exacerbation between January 2004 and December
2013 were included in the study. Of these, 34 (22.8%)
tested positive on CMV antigenemia assay or had
biopsy specimens with indicative of CMV infection. The
clinical and demographical parameters of CMV-positive
and CMV-negative patients are presented in Table 1.
Univariate analysis revealed statistically significant group
differences in age at UC diagnosis, age at admission,
extent of disease (pancolitis), serum albumin level,
systemic steroid dose on the day of admission, total
systemic steroid dose for the week before admission,
and total systemic steroid dose for 4 wk before admi-
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Table 1 Clinical and demographic characteristics of patients with active ulcerative colitis (7 = 149)

CMV (+)n =34 CMV(-)n =115 P value
Sex (male/female) 19/15 64/51 0.981
Age at UC diagnosis (yr) 423+144 29.0+14.4 <0.001
Age at admission (yr) 46.9+18.1 35.0+15.6 <0.001
Disease duration (yr) 46+49 6.0+74 0.294
Clinical course
Relapse 23 (67.6%) 79 (68.7%) 0.908
Chronic active 4 (11.8%) 11 (9.6%) 0.708
First attack 7 (20.6%) 25 (21.7%) 0.886
Disease extent
Extensive UC (pancolitis) 28 (82%) 52 (45%) <0.001
Left-sided UC/ proctitis 6 (18%) 63 (55%) -
BMI at admission 19.5+32 189+3.1 0.384
Severity
Severe 11 (32%) 27 (23%) 0.297
Moderate 23 (68%) 88 (77%) -
Laboratory data at admission
CRP (mg/dL) 34+41 38+54 0.685
WBC (x 10°/uL) 8737 99+42 0.132
Hemoglobin (g/dL) 114£18 11.7£12 0.387
Platelet (x 10°/uL) 321.0+118.9 349.9 £120.2 0.219
Total cholesterol (mg/dL) 56,3 2= 8.7 155.1 £44.3 0.979
Albumin (g/dL) 3.0+0.54 34068 0.002
Medication
Total lifetime systemic steroid dose before admission (g) 4.69 +5.80 4.86 +8.45 0.892
Total systemic steroid dose for 4 wk before admission (mg) 1083.4 +1113.5 245.5 +328.4 <0.001
Total systemic steroid dose for 1 wk before admission (mg) 260.7 £103.9 92.3+117.0 <0.001
Systemic steroid dose on the day at admission (mg) 37.5+15.0 13.9+17.6 <0.001
5-ASA 29 (85.3%) 82 (71.3%) 0.100
SASP 1(29%) 10 (8.7%) 0.260
Cytapheresis 5 (15%) 11 (9.6%) 0.395
Immunomodulator use 8 (24%) 20 (17%) 0.421
AZA 4 (12%) 16 (14%) 0.747
6-MP 2 (5.9%) 2 (1.7%) 0.177
Tacrolimus 2 (5.9%) 2 (1.7%) 0.177
Infliximab use 5 (15%) 7 (6.1%) 0.105
Family history of IBD 1(2.9%) 1(0.87%) 0.356
PsSC 0 2 (1.7%) -
Outcome
Ganciclovir use 26 (76%) 0 -
Colectomy 17 (50%) 37 (32%) 0.058
Colectomy for cancer or dysplasia 0 4 (3.5%) -

Values presented as mean = SD or number (%) as appropriate. CMV: Cytomegalovirus; CRP: C-reactive protein;
WBC: White blood count; BMI: Body mass index; 5-ASA: 5-aminosalicylate acid; SASP: Salicylazosulfapyridine; AZA:
Azathioprine; 6-MP: 6-mercaptopurine; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; PSC: Primary sclerosing
cholangitis.

use, or laboratory data at admission other than serum
albumin level.

For multivariate analysis, we selected a total systemic
steroid dose for 4 wk before admission as the most

Table 2 Risk factors for cytomegalovirus-associated colitis

among the 149 patients with active ulcerative colitis (multi-
variate analysis)

Sy Dhud PrEE important factor among factors regarding steroid dose.
Age at UC diagnosis > 30 yr 2764 0581-13.152  0.202 This multivariate analysis using a logistic regression
Age at admission > 35 yr 1433 02956951 — 065 model identified pancolitis and a total systemic steroid
Pancolitis 3419  1077-1085  0.037 s =SS
Albumin <3.0 g/dL 1.402 0.480-4.098 0537 dose > 400 mg for 4 wk before admission as significant
Total systemic steroid dose for4  26.697 5.848-121.868 < 0.001 independent risk factors for CMV infection (Table 2).

wk before admission > 400 mg Patients treated with more than 400 mg corticosteroid

for UC exacerbation over the 4 wk prior to admission
had a 27-fold greater risk of CMV-associated colitis and
patients with extensive UC (pancolitis) had about a

UC: Ulcerative colitis; CMV: Cytomegalovirus.

ssion. There were no significant group differences in
sex ratio, disease duration, clinical course, total lifetime
systemic steroid dose, immunomodulator use, infliximab

JRaishideng®
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3-fold greater risk. The other factors tested (age at UC
diagnosis, age at admission, and serum albumin) were
not significant risk factors by multivariate analysis.
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Table 3 Endoscopic findings in patients with active ulcerative colitis (7 = 149)

CMV (+)n = 34 CMV (-)n = 115 Accuracy (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) P value

Deep ulcer 17 (50.0%) 14 (12.2%) 79.2 50.0 87.8 54.8 85.6 <0.001
Punched-out ulcer 20 (58.8%) 8(7.0%) 85.2 58.8 93.0 714 88.4 <0.001
Geographical ulcer 14 (41.2%) 25 (21.7%) 76.5 412 78.2 35.9 81.8 0.024
Longitudinal ulcer 11 (32.4%) 24 (20.9%) 68.5 324 791 314 79.8 0.165
Mucosal defect 6 (17.6%) 10 (8.7%) 74.5 17.6 91.3 375 78.9 0.139
Mucopurulent exudate 24 (70.6%) 66 (57.4%) 49.0 70.6 42.6 26.7 83.1 0.167
Spontaneous bleeding 14 (41.2%) 19 (16.5%) 73.8 412 83.5 424 82.8 0.002
Cobblestone-like appearance 5(14.7%) 7 (6.1%) 75.8 14.7 93.9 417 78.8 0.105
Post inflammatory polyp 9 (26.5%) 21 (18.3%) 75.8 26.5 81.7 30.0 79.0 0.294
PPV: Positive predictive value; NPV: Negative predictive value; CMV: Cytomegalovirus.
Patient outcomes

Table 4 Characteristic endoscopic findings for cytomega-

lovirus-associated colitis in patients with active ulcerative
colitis (multivariate analysis)

Odds ratio 95%CI P value
Deep ulcer 2128 0.678-6.680 0.196
Punched-out ulcer 12.672 4.210-38.143 < 0.001
Geographical ulcer 1.919 0.664-5.542 0.229
Spontaneous bleeding 2.106 0.735-6.036 0.166

Endoscopic findings
To identify endoscopic findings characteristic of CMV-
associated colitis in patients with active UC, we analyzed
ulcerative features (e.g., deep ulcer, punched-out ulcer,
geographical ulcer, longitudinal ulcer, and mucosal
defect) and mucosal features (e.g., mucopurulent
exudate, spontaneous bleeding, cobblestone-like
appearance, and post inflammatory polyp). Characteri-
stic colonoscopic features of CMV-associated colitis
included deep ulcer, punched-out ulcer, geographical
ulcer, longitudinal ulcer, and mucosal defect (Figure 2).
We defined endoscopic findings according to published
reportsi®®®®, Deep ulcer was defined as deep excavated
ulceration near or beyond muscularis propria with or
without slightly raised edges. Punched-out ulcer was
defined as ulceration with an almost round shape and
clear demarcation. Geographical ulcer was defined as
ulceration with an irregular pattern and a branched
shape. Longitudinal ulcer was defined as ulceration
with a longitudinal spread along the lumen of the colon.
Mucosal defect was defined as a wide area of defect with
a longitudinal and/or transverse spread, indicating that
more than one-fourth of the mucosa in the endoscopic
field was defective. The accuracy, sensitivity, specificity,
positive predictive value, and negative predictive value
for each of these features were determined. Univariate
analysis revealed that deep ulcer, punched-out ulcer,
geographical ulcer, and spontaneous bleeding were more
frequent in CMV-positive patients than in CMV-negative
patients (Table 3).

Multivariate analysis showed that only punched-out
ulcer was a significant independent predictor of CMV
colitis (OR = 12.672, 95%CI: 4.210-38.143) (Table 4).
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In the CMV-positive (CMV-associated colitis) group, 26 of
the 34 patients (76.5%) received antiviral therapy with
GCV. After GCV therapy, 13 of these patients achieved
remission, while 13 required colectomy because of
severe and refractory UC. Of the remaining 8 patients
who did not receive GCV antiviral therapy, 4 underwent
colectomy because of severe UC.

Among the CMV-negative group, 81 patients (70.4%)
achieved remission with anti-inflammatory therapy
(including relapse cases), while 37 (32.2%) eventually
underwent colectomy during the course of follow-up.
Among these 37 patients, 4 underwent colectomy for
cancer or dysplasia.

DISCUSSION

In this retrospective study of 149 UC patients presenting
with exacerbation of symptoms, we identified extensive
UC (pancolitis) and 4 wk of high-dose steroid treatment
as independent risk factors for CMV-associated colitis
in active UC. The only endoscopic finding indicative
of CMV-associated colitis by multivariate analysis was
punched-out ulcer. To our knowledge, this is the first
study to identify both risk factors and characteristic
endoscopic findings for CMV-associated colitis in patients
with moderate to severe UC. These factors may help
facilitate both the timely diagnosis and treatment of UC
complicated by CMV infection.

We evaluated total systemic steroid dose over the
patient’s lifetime, as well as dose over the 4 wk before
admission, over the previous week before admission,
and on the day of admission. Between CMV-positive and
CMV-negative patients, total systemic steroid dose over
the 4 wk prior to admission (total dose > 400 mg) was
an independent risk factor for CMV-associated colitis
in active UC patients. Furthermore, neither immuno-
modulator nor infliximab use was associated with CMV-
associated colitis. However, this study included only a few
cases treated by immunomodulators or infliximab, and
additional studies are required to confirm these results.
Nonetheless, the finding that immunomodulator and
infliximab use did not alter the risk of CMV-associated
colitis is important, because it suggests an alternative
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Figure 2 Endoscopic images of cytomegalovirus-associated colitis in patients with active ulcerative colitis. A-C: Deep ulcer; D-G: Punched-out ulcer; H-J:

Geographical ulcer; K: Longitudinal ulcer; L: Mucosal defect.

treatment regimen for patients with moderate to severe
UC rather than using high-dose corticosteroids for
corticosteroid-refractory cases or corticosteroid-resistant
cases. Given that tumor necrosis factor (TNF)-o from
monocytes and dendritic cells plays an important role in
the reactivation of CMV and that infliximab is a potent
blocker of TNF-o, we consider that this combination
therapy may be particularly effective”**!, However, the
efficacy of infliximab for UC patients with concomitant
CMV infection remains controversial, as there have been
few case reports and no controlled clinical trials.

Pancolitis was significantly associated with CMV
infection in active UC, consistent with the theory that
CMV is prone to proliferate in granulation tissue®. Some
studies reported that CMV was readily found in granu-
lation tissue and tissue from deep ulcers, suggesting that
CMV can penetrate inflamed mucosa via mononuclear
cells and then proliferate in the mucosa>®***", It is thus
possible that a more extensive UC lesion may lead to
wider CMV infection.

In general, there is no clear consensus on the dia-
gnostic criteria for CMV infection in active UC. There are
several methods of detecting CMV infection, including
histology with IHC, serology, CMV culture, polymerase
chain reaction (PCR) detection of the CMV genome,
and CMV antigenemia™>**"*%, Each method offers
advantages and disadvantages in the precise diagnosis
of CMV infection. For example, histological examination
is a relatively easy method, but its sensitivity is lower
(10%-87%) than PCR. In contrast, PCR for CMV genes is
highly sensitive, but the method is time-consuming and
its selectivity is low given the ubiquity of CMV infection.
CMV culture is too slow. In contrast, CMV antigenemia is
relatively sensitive (60%-100%) and easy to measure
within a short period, and has also been used to monitor
CMV infection in heart transplant recipients and for
the early diagnosis of CMV infection in renal transplant
recipients'*?l, Moreover, results of CMV antigenemia are
good indication for antiviral therapy™**.

Accordingly, we adopted CMV antigenemia and
histology, including IHC for CMV, to detect CMV infection
in our analysis. Results showed that 33 of the 34 CMV-
associated colitis patients (97.1%) were positive for CMV
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antigenemia. Histology including IHC is considered the
objective standard for the diagnosis of CMV infection. In
our study, however, among the 34 patients with CMV-
associated colitis whose biopsy specimens were stained
with HE and a CMV antibody, only 8 patients were
positive by histology. Only 7 were positive by both CMV
antigenemia and hitology. We therefore suggest that our
combination of CMV antigenemia and histology including
IHC for CMV is an appropriate strategy for diagnosis
of CMV infection/CMV-associated colitis in active UC
patients.

Colonoscopy is usually performed in patients with
exacerbation of UC symptoms because direct observation
of the colonic mucosa provides detailed information on
disease status and is useful for judging disease severity
and treatment efficacy. The rapid and accurate diagnosis
of CMV-associated colitis in UC patients is critical,
because its treatment strategy differs markedly from that
for UC exacerbation not associated with CMV infection.
A few reports have documented the endoscopic findings
of CMV-associated colitis, but several failed to find
features able to rapidly distinguish CMV-associated colitis
from unrelated active UC. Endoscopic findings of UC
concomitant with CMV infection can range from normal
appearing mucosa to mucosal erosion or ulceration,
which can be difficult to distinguish from active UC
unrelated to CMV infection. In our study, punched-out
ulceration was significantly more frequent in UC patients
with CMV infection, consistent with reports that CMV
tends to localize to the colon mucosa and granulation
tissue in deep ulcers®®®**!l, Regardless of etiology,
we suggest that a finding of punched-out ulceration
may facilitate the rapid and accurate diagnosis of CMV-
associated colitis in UC patients.

The limitations of this study include its retrospective
nature and evaluation of patients at a single institution.
This study also involved a relatively small number of
patients, which limits its statistical power.

In conclusion, this study suggests that a total corti-
costeroid dose > 400 mg for 4 wk and extensive colitis
are associated with an increased risk of CMV-associated
colitis in patients with moderate to severe UC. In
addition, punched-out ulceration appears predictive of
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CMV-associated colitis associated with UC. These clinical
predictors and specific endoscopic findings may facilitate
rapid diagnosis and antiviral treatment.
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Abstract

AIM: To perform a systematic review comparing the
outcomes of endoscopic, percutaneous and surgical
pancreatic pseudocyst drainage.

METHODS: Comparative studies published between
January 1980 and May 2014 were identified on PubMed,
Embase and the Cochrane controlled trials register
and assessed for suitability of inclusion. The primary
outcome was the treatment success rate. Secondary
outcomes included were the recurrence rates, re-inter-
ventions, length of hospital stay, adverse events and
mortalities.

RESULTS: Ten comparative studies were identified
and 3 were randomized controlled trials. Four studies
reported on the outcomes of percutaneous and surgical
drainage. Based on a large-scale national study, surgical
drainage appeared to reduce mortality and adverse
events rate as compared to the percutaneous approach.
Three studies reported on the outcomes of endoscopic
ultrasound (EUS) and surgical drainage. Clinical success
and adverse events rates appeared to be comparable
but the EUS approach reduced hospital stay, cost and
improved quality of life. Three other studies compared
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EUS and esophagogastroduodenoscopy-guided drain-
age. Both approaches were feasible for pseudocyst
drainage but the success rate of the EUS approach was
better for non-bulging cyst and the approach conferred
additional safety benefits.

CONCLUSION: EUS-guided drainage appeared to be
advantageous in drainage of pancreatic pseudocysts
located adjacent to the stomach or duodenum. In
patients with unfavorable anatomy, surgical cystojejuno-
stomy or percutaneous drainage could be considered.
Large randomized studies with current definitions of
pseudocysts and longer-term follow-up are needed to
assess the efficacy of the various modalities.

Key words: Interventional endosonography; Endoscopic
ultrasound; Pancreatic pseudocyst; Cystogastrostomy;
Cystojejunostomy; Pseudocyst drainage

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic pseudocysts are traditionally
managed by open surgical internal drainage. With
continued improvements in medical technology, the
uses of percutaneous, endoscopic and laparoscopic
drainage were increasingly reported. Nevertheless, trials
comparing these different approaches are lacking. In
this systematic review, endoscopic ultrasound-guided
drainage appeared to be advantageous in drainage of
pancreatic pseudocysts located adjacent to the stomach
or duodenum. In patients with unfavorable anatomy,
surgical cystojejunostomy or percutaneous drainage
could be considered. Large randomized studies with
current definitions of pseudocysts and longer-term
follow-up are needed to assess the efficacy of the
various modalities.

Teoh AYB, Dhir V, Jin ZD, Kida M, Seo DW, Ho KY. Syste-
matic review comparing endoscopic, percutaneous and surgical
pancreatic pseudocyst drainage. World J Gastrointest Endosc
2016; 8(6): 310-318 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v8/i6/310.htm DOI: http://dx.doi.
org/10.4253/wjge.v8.16.310

INTRODUCTION

Pancreatic pseudocysts are amylase rich fluid collections
in the peri-pancreatic tissues surrounded by a well-
defined wall'". There should be absence of necrosis or
solid component in the collections. The relative propor-
tion of acute and chronic pseudocyst varies between
reports and depends on how the pseudocysts are being
defined'”. The incidence is higher in patients suffering
from chronic pancreatitis. Pancreatic pseudocysts are
traditionally managed by open surgical internal drainage.
With continued improvements in medical technology,
less invasive options including percutaneous, endoscopic
and laparoscopic drainage were increasingly reported.
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Nevertheless, trials comparing these different approaches
are lacking and there is an absence in consensus on the
best approach for management of this condition. Thus,
the aim of the current systematic review was to evaluate
the outcomes of comparatives studies on endoscopic, per-
cutaneous and surgical pancreatic pseudocyst drainage
and to summarize the findings of available data.

MATERIALS AND METHODS

Inclusion criteria

Eligible studies were comparative studies on endoscopic,
percutaneous or surgical methods of pancreatic pseu-
docyst drainage. The definition of pseudocyst was
according to the revised Atlanta’s classification™ (Table
1). In brief, pseudocyst referred to a fluid collection in
the peri-pancreatic tissues persisting for more than 4 wk
on computed tomography, surrounded by a well-defined
wall and contained no solid material. Studies describing
the results of pancreatic necrosis or abscesses were
excluded. The indications for treatment of pancreatic
pseudocyst was if they persisted for more than 4 to
6 wk and are = 6 cm in size, causing symptoms or
complications®*.

Search strategy and trial identification

A computerized systematic literature review from
January 1980 to May 2014 on PubMed, Embase and the
Cochrane controlled trials register was performed. Articles
were selected using MeSH headings and text words
related to pancreatic pseudocyst, pseudocyst drainage,
cystogastrostomy, cystojejunostomy, transmural pseu-
docyst drainage, transpapillary pseudocyst drainage
and percutaneous pseudocyst drainage. Only English
comparative studies involving the concerned treatment
approaches were included. Reference lists from eligible
trials were checked to locate missing publications. The
titles of the articles and abstracts located were evaluated
(Anthony Yuen Bun, TEOH1 and Vinay DHIR2). Where
the article fulfilled the selection criterion, a copy of the
full manuscript was obtained. Full manuscripts were
then reviewed and a final decision was made about
the inclusion. Studies published only in abstract form,
conference abstracts, symposium proceedings and case
reports were not eligible for inclusion. Any disagreements
were resolved by consensus.

Data extraction and outcomes

Data were extracted using a standard extraction
form. Parameters included were study methodology
(including randomization and blinding), inclusion criteria,
demographics, the indications of treatment and types
of pancreatic fluid collection. Procedural data including
the technical approaches, methods of anastomosis,
catheters and stents used were also recorded. The
primary outcome was the treatment success rate.
Secondary outcomes included were the recurrence
rates, re-interventions, lengths of hospital stay, adverse
events and mortalities. Treatment success was defined
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Table 1 Definition of peri-pancreatic fluid collections according to the revised Atlanta's classification

Name of the collection

Definition

Onset < 4 wk after initial attack
Acute peripancreatic fluid collection

Fluid collections that develop in the early phase of pancreatitis. They do not have a well-defined wall, are

homogeneous, are confined by normal fascial planes in the retroperitoneum

Acute necrotic collection
Onset = 4 wk after initial attack
Pancreatic pseudocyst

Walled-of pancreatic necrosis

Any time after initial attack
Infected necrosis

A collection containing variable amounts of fluid and necrotic tissue without a well-defined wall

A collection of fluid in the peripancreatic tissues surrounded by a well-defined wall and contains no solid

material

A mature, encapsulated collection of pancreatic and/or peripancreatic necrosis and has a well-defined

inflammatory

Presence of superimposed infection of the necrotic pancreas. May be indicated by presence of gas in the collection

Potentially relevant studies identified
and screened for retrieval (7 = 2 17)

Exclusion of ineligible studies or non-
comparative studies (7 = 197)

Abstracts of studies retrieved (7 = 20)

Exclusion of non-comparative
studies (7 = 7)

Potentially appropriate studies for review.
Studies evaluated in detail (7 = 13)

Studies excluded as outcomes
were not separately reported for
conditions listed in the inclusion

criteria (7 = 5)

2 studies identified

Included studies (7 = 10) |«——— from reference list

Figure 1 Flow chart showing selection of included studies.

as radiographic cyst resolution after the index inter-
vention. Re-intervention was defined as the need for
repeat interventions owing to persistent symptoms in
association with a residual pseudocyst. Adverse events
were defined according the individual study criteria.

Assessment of methodological quality and risk of
bias of the included studies. Assessment of risk of bias
were performed by AT and VD according to principles
of the Cochrane Handbook for systemic reviews of
interventions version 5.1, For randomized trials, the
assessment focused on sequence generation, allocation
concealment, blinding, incomplete outcome data, follow-
up losses, intention to treat method of analysis and
selective reporting. For non-randomized comparative
trials, quality assessments were according to the New-
castle-Ottawa scale and the studies were scored on
3 domains including: Case selection, comparability of
cases and controls and outcome assessments'®. The
results of this study were reported according to the
PRISMA guidelines”.
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RESULTS

The search identified 217 potentially relevant publi-
cations and 20 articles were selected for reviewing of
the abstracts. Seven studies were rejected as they
were not comparative studies and the full manuscripts
of the remaining 13 publications were reviewed. Two
studies were further excluded as the outcomes for
pseudocyst drainage were not separately reported and
in 3 studies the outcomes of the different techniques
were not reported individually. Two further articles were
identified from the reference list of the included studies
(Figure 1)®", Since there was significant heterogeneity
amongst the study interventions, recruitment and out-
come measurements, statistical pooling of the results
was not performed.

Description of the techniques

Surgical drainage procedures: Cystogastrostomy,
cystoduodenostomy and cystojejunostomy:
Surgical drainage of pseudocysts is traditionally perfor-
med by the open approach!®**, However in recent
years, laparoscopic pseudocyst drainage is increasingly
reported®?”, For the open approach, midline or bilateral
subcostal incisions were employed. The type of surgical
drainage depended on the location of the cysts and
whether it was adherent to the stomach or duodenum.
When adhered to the posterior wall of the stomach,
a cystogastrostomy were performed. If the cyst were
not adhered to the stomach or duodenum, then a
Roux-en Y cystojejunostomy would be fashioned. It is
acknowledged that resectional procedures are some-
times required for patients with concomitant pancreatic
ductal pathologies or complicated pseudocyst. However,
resectional procedures do not have comparable endo-
scopic counterparts and these are not considered in this
review.

In laparoscopic drainage procedures, various tech-
niques have been described to replicate their open
equivalents®??, These include intragastric, transgastric
or exogastric approaches and they differ in the method
of accessing the posterior wall of the stomach to create
a cystogastrostomy. The anastomosis is usually created
with a laparoscopic stapler and the enterostomy closed
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by laparoscopic suturing. Laparsocopic cystojejunostomy
is also possible for pseudocysts that protrude into the
infracolic compartment and this is usually drained by a
Roux-en Y jejunal loop.

Percutaneous drainage

Percutaneous drainage can be performed by ultrasound
or computed tomography (CT) guidance and this can
be achieved by the retroperitoneal route or transperi-
toneally!™® '), The appropriate drainage site is first
identified, followed by progressive track dilation and
insertion of a 7 to 12 Fr drainage catheter into the
pseudocyst. In patients that received transperitoneal
drainage, a transgastric needle puncture can be per-
formed and the passage through the stomach could
allow subsequent exchange of a double pigtail stent
and internalization into the stomach. In patients with
retroperitoneal drainage, the pigtail stents would be
connected to an external bag for free drainage.

Endoscopic drainage

Endoscopic drainage can be performed transpapillary
or transmurally™'!, Transpapillary drainage can be
performed if the pseudocyst communicates with the
pancreatic duct on endoscopic retrograde cholangio-
pancreatography (ERCP) and a transpapillary stent is
passed through the pancreatic duct into the pseudocyst.
In patients with pancreatic ductal leak or ductal stricture,
the stent may also serve to bridge the leak or stricture
site!®?,

Endoscopic transmural drainage can be performed
with or without endoscopic ultrasound (EUS) guidan-
cel'™B1 A prerequisite is that the pseudocyst is in direct
apposition with the gastric or duodenal wall. When
performed under esophagogastroduodenoscopy (EGD)
guidance, the location of the pseudocyst is usually
identified by the presence of bulging on the stomach wall.
This is then confirmed by needle puncture, aspiration of
the fluid and injection of contrast. A catheter and guide-
wire is then passed into the pseudocyst. The fistula track
is dilated with a balloon catheter and 1 or 2 plastic stents
would be inserted. When performed under EUS guidance,
the puncture site of the pseudocyst is chosen away
from intervening vessels or structures. The pseudocyst
is then punctured with a 19-gauge needle and a guide-
wire passed to form 2 or more loops. The needle tract is
dilated and plastic stents would be inserted. Recently, the
use of metallic stents for draining pseudocyst has also
been described but results from comparative studies are
lacking®***., All the studies included in the current review
used plastic stents.

Description of the studies

The identified studies covered a heterogeneous group
of patients and mostly included small humbers from a
single center (Table 2). In only one study, the outcomes
of percutaneous drainage were compared to surgical
drainage on a national level. Amongst the 10 included
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studies, 3 were randomized controlled trials®®'***. One
compared EUS drainage with open cystogastrostomy
and 2 compared EGD vs EUS guided-drainage. The
remaining seven studies were non-randomized trials,
1 compared laparoscopic, endoscopic and open cysto-
gastrotomies®, 1 study compared EUS drainage with
open cystogastrostomy!”, 1 study compared EGD and
EUS-guided drainage and 4 studies compared percu-
taneous and open surgical drainage™”). The definition
of pseudocyst was clearly stated in all the randomized
studies and in 6 out of 7 non-randomized studies.
The indications for intervention were defined in all the
randomized studies and 2 non-randomized studies.

Assessment of risk of bias of the included studies

The risks of bias in the randomized trials were assessed
according to the principles of the Cochrane Handbook
for systemic reviews of interventions (Table 3). None
of the studies blinded the assessor of the outcomes.
In one study comparing EGD vs EUS drainage!'!, the
patients randomized to the EGD arm also received EUS
when the pseudocyst could not be located. This resulted
in a hybrid technique and may contaminate the data in
the EGD arm resulting in contamination bias. The risks
of bias in non-randomized trials were assessed using
the Newcastle-Ottawa scale (Table 4). Most studies
were of moderate quality and scored between 4 to 7
stars out of 10.

Assessment of outcomes by the different approaches of
pseudocyst drainage

Percutaneous vs surgical drainage: Four retro-
spective studies were included (Table 5). The largest
United States study included more than 14000 patients
(Percutaneous: 8121 and surgical: 6409) that were
identified using a US national database!**. Significant
differences in background demographics between the
groups were noted, including the cause of pseudocyst,
the percentage of patients that received CT or ERCP
and the proportion of patients that were treated in a
teaching hospital. After adjusting for these confounding
variables, a reduction in mortality was still observed
in the surgical drainage arm (OR = 1.37, 95%CI:
1.12-1.68). Both emergency admission and acute
pancreatitis increased the odds of in-patient mortality
(OR = 2.45, 95%CI: 1.87-2.30 and OR = 2.36, 95%(CI:
1.89-2.96, respectively) and the use of ERCP yielded
a protective effect (OR = 0.68, 95%CI: 0.51-0.9).
This study was the largest and most statistically robust
amongst all the included studies. Yet, there is also a
risk of selection biases, as the patients who were poor
candidates for surgery tended to receive percutaneous
drainage.

Heider et al*® compared the results of expectant
treatment with percutaneous and open surgical drainage.
No statistical analysis of the results was performed
(no P-values given). The patients that were treated by
percutaneous drainage had a re-intervention rate of
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Table 2 Characteristics of the included studies

Ref. Design Study duration Follow-up Interventions  Sample size Pseudocyst Inclusion criteria or indications for
duration' defined intervention
Varadarajulu et al'¥  Single center RCT Jan 2009-Dec 2009 24 EUS vs open 20:20 Yes Pseudocyst > 6 cm and adjacent to
(United States) cystogastrostomy stomach
History of acute or chronic
pancreatitis
Persistent pain
Complications of pseudocyst
Melman et al®” Single center ~ Mar 1999-Aug 2007 9.5 EUS vs 45:16:22 Yes Symptomatic pseudocyst
(United States) retrospective laparoscopic
vs open

cystogastrostomy
Varadarajulu et al™  Single center  Jul 2005-Jun 2007 24 EUS vs Open 20:10 Yes NA
(United States) retrospective cystogastrostomy
Park et al™ Single center RCT Jan 2004-Dec 2007  25-27  EGD = R-EUS vs 29:31 Yes Symptomatic pseudocyst > 4 wk
(South Korea) EUS
Varadarajulu et al"  Single center RCT May 2007-Oct 2007 NA EGD vs EUS 15:15 Yes Symptomatic pseudocyst > 4 wk
(United States)
Kahaleh et al™ Single center 2000-2005 11 EGD uvs EUS 53:46 Yes NA
(United States) retrospective
Morton et al™! National Jan 1997-Dec 2001 NA Percutaneous vs  8121:6409 Yes NA
(United States) multicenter Surgical drainage

retrospective
Heider et al™ Single center 1984-1995 NA Percutaneous vs 66:66 Yes NA
(United States) retrospective Surgical drainage
Adams et al™ Single center 1965-1991 NA Percutaneous vs 52:42 No Percutaneous drainage:
(United States) retrospective Surgical drainage Symptomatic pseudocyst > 5 cm
without PD dilation

Lang et al"” Single center  Jan 1978-Jun 1988 NA Percutaneous vs 12:14 Yes Wall thickness < 3 mm
(United States) retrospective Surgical drainage

"Mean duration of follow-up shown in months. RCT: Randomized controlled trial; NA: Not available; R-EUS: Radial echoendoscope; PD: Pancreatic duct;

EGD: Esophagogastroduodenoscopy.

Table 3 Methodological summary of the risk of bias of the included randomized controlled trials

Random sequence generation Allocation concealment Blinding Incomplete outcome data Other bias
Varadarajulu et al® Low risk Low risk High risk Low risk Unclear risk
Park et al™ Low risk Unclear risk High risk Low risk High risk
Varadarajulu et al™® Low risk Unclear risk High risk Low risk Low risk

Assessment of the risk of bias was according to principles of the Cochrane Handbook for systemic reviews of interventions version 5.1.

Table 4 Methodological summary of the risk of bias of the

included non-randomized comparative studies

Selection Comparability Outcomes

(++++) (++) (++++)
Melman et al”” ++ T+
Varadarajulu et al™ ++ + T+
Kahaleh et al™ ++ et
Morton et al™* ++ ++ e+
Heider et al™ ++ + o,
Adams et al™® ++ .
Lang et al™ ++ .

Quality assessment was according to the Newcastle-Ottawa scale for non-
randomized trials. +: Higher quality of the studies.

50%, adverse events rate of 67% and mortality rate of
9.1% and the results were worse than surgery. On the
contrary, two smaller studies favored the percutaneous
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approach. Adams noted higher risk of mortalities,
morbidities and re-interventions in patients that were
treated with surgical drainage!™®, Whilst in another study,
similar risks of mortalities and adverse events were
observed in both groups but the patients that underwent
surgery required more subsequent re-interventions'”’,

It is worthwhile to note that the definition of pseu-
docyst in some of the older studies may not be accord-
ing to the Atlanta’s classification and thus, the study
population could include some patients with pancrea-
tic necrosis and the results of these may need to be
interpreted with caution. Based on the results of the
national study, surgical drainage appeared to reduce
mortality and adverse events risk as compared to
the percutaneous approach. The lack of an external
catheter also reduced risk developing pancreatic fistula
and wound site infection. However, the validity of these
results in the current era needs to be confirmed by a
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Table 5 Percutaneous vs surgical drainage of pancreatic pseudocysts

Ref. Sample size Size (cm)' Clinical success Hospital stay (d)' Reintervention Mortalities Adverse events Bleeding Intra-abdominal infection
Morton et al™ Perc: 8121 - - 21 (22) 5.9% - 9.64%" 6.8%"

Surg: 6409 - - 15 (15) 2.8% - 8.96% 4.54%
Heider et al™  Perc:66 8.2 (1.1) 42% 45 (5) 50% 9.1% 64%” 9.1% 45.5%

Surg: 66 7.4 (1.3) 88% 18 (2) 12% 0 27% 4.5% 15.2%
Adams et al"  Perc: 52 - - 36.7 9.5% 2 7.7% 1.9% 1.9%

Surg: 42 - - 39.8 19.2% 7.1% 16.7% 4.8% 4.8%
Langetal  Perc: 26 - 76.9% - 11.5% 3.8% 3.8% 3.8% 0

Surg: 26 - 73.1% - 23.1% 3.8% 0 0 0

Values in mean * SD except otherwise indicated; *Indicates significant differences between the 2 groups. Perc: Percutaneous drainage; Surg: Surgical

drainage.
Table 6 Endoscopic ultrasound vs surgical drainage of pancreatic pseudocysts
Ref. Sample size Size (cm) Clinical Hospital stay Reintervention Mortalities Adverse Bleeding Intra-abdominal
success (d) events infection

Varadarajulu et al®® EUS: 20 10.5 (9-14.9)" 95% 2 (1-4)"” 5% 0 0 0 0
Open: 20 11 (84-145)"  100% 6 (5-9)' 5% 0 2% 1 0

Melman et al® EUS: 45 9.1 (0.4) 51.1%" 3.9 (0-25) - 0 15.6% 22% 0
Lap: 16 10.4 (0.5) 87.5% 6.9 (3-23)° - 0 25% 12.5% 0
Open: 22 9.5 (0.8) 81.2% 10.8 (4-82) = 0 22.7% 0 0

Varadarajulu et al™” EUS: 20 9.8 95% 2.6 (1-11)* 0 0 0 0 0
Open: 10 8.9 100% 6.5 (4-20)° 10% 0 0 0 0

'Values in mean * interquartile range; *Values in mean (range) except otherwise indicated; *Indicates significant differences between the 2 groups. EUS:
Endoscopic ultrasound drainage; Lap: Laparoscopic drainage; Open: Open drainage.

modernized randomized trial with updated definitions. the endoscopist performing the procedures may still
be overcoming their learning curves and the difference
EUS vs surgical drainage: One randomized trial in outcomes may not be truly representative of the

and two retrospective studies were included (Table techniques. Nevertheless, this study was the only
6). Varadarajulu et a'® first published a retrospective comparative study that incorporated the results of laparo-
case-matched study comparing EUS and open cystogas- scopic cystogastrostomy.

trostomy. No differences in treatment success, adverse

events or re-interventions were noted between the EUS vs EGD drainage: Two randomized trials and 1
groups. The same author then followed-up with the first retrospective comparison were included (Table 7)™,
randomized study, comparing 20 patients that received Kahaleh performed a retrospective comparison of
EUS drainage with an equal number receiving open patients that underwent EUS or EGD drainage!*®, Those
cystogastrostomy™, The time to pseudocyst recurrence with bulging pseudocyst underwent EGD drainage
was used as the main outcome measurement. However, whilst patients with non-bulging cyst or those at risk
none of the patients in the EUS group developed re- of bleeding underwent EUS drainage. No difference in
currence, thus raising the issue of an underpowered clinical success and adverse event rates were observed
study. Nevertheless, similar rates of clinical success, between the two groups. In a Korean randomized study,
mortalities and morbidities were observed between the EUS was compared to a modified EGD approach™".
two groups. In addition, the EUS group was associated In patients with bulging cyst, a blind EGD puncture
with significantly lower hospital costs (mean difference was performed. Whilst in patients with the absence of
of -$8040 USD) and better quality of life scores (physical bulging, radial EUS was employed to mark the site of

component scores and mental component scores). puncture. This resulted in hybrid EUS-EGD approach
Hence, favoring the EUS approach over open cystogas- in some of the patients. The trial found a significant
trostomy. difference in technical success rates in favor of the EUS

In another study comparing EUS, laparoscopic and approach (94% vs 72%, P = 0.039). The patients with
open cystogastrostomy, a significantly higher rate failed EGD approach then crossed over to EUS drainage
of clinical success was observed in the surgery arm. and this was successful in all patients. No differences in
However, the rate of clinical success in the EUS group adverse events were observed in both arms. The third
was unusually low at 51.1% and grade 2 or above study was also a randomized study comparing EUS with
complications occurred in up to 15.6% of the patients. pure EGD drainage of pseudocyst'*?. The EUS approach
Three patients required urgent laparotomy and 2 ex- was shown to have significantly higher success rate as
perienced a gastric perforation. These results reflect that compared to the pure EGD technique (100% vs 33.3%,
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Table 7 Endoscopic ultrasound vs esophagogastroduodenoscopy drainage of pancreatic pseudocysts

Ref. Sample size  Size (cm)’ Clinical  Hospital stay Reintervention Mortalities  Adverse Bleeding  Intra-abdominal
success (d) events infection
Park et al" EUS:31  82(38) 89% 6.5% 0 7% 3.2%
EGD:29  74(4) 86% = 6.5% 0 10% 6.9%
Varadarajulu et al™  EUS: 15 6.5 (5-12  100%’ 2 (1-9) - 0 0 0
EGD: 15 7 (4213 33%" 1(1-8) - 6.7% 13.3% 13.3% -
Kahaleh et ™ EUS: 46 8.6 (4-20)° 84% = 10.9% 0 19.6% 43% 8.7%
EGD: 53 9.5 (3-20)° 91% 9.4% 0 18.9% 1.9% 7.5%

'Values in mean + SD; *Values in mean (interquartile range); *Values in mean (range); ‘Values in median (range) except otherwise indicated; *Indicates

significant differences between the 2 groups. EUS: Endoscopic ultrasound drainage; EGD: Esophagogastroduodenoscopy drainage.

P < 0.001) and all patients with failed EGD drainage
were successfully drained with the EUS technique.
However, of more concern was that 2 patients in the
EGD arm suffered from severe bleeding after drainage.
One patient died within 4 h after the procedure due to
massive bleeding into the cyst and another required
endoscopic hemostasis and blood transfusion.

Hence, the results of these studies suggest that
although a blind EGD pseudocyst drainage is technically
feasible, it may result in life-threatening adverse events.
The success rate of the EUS approach was better for
non-bulging cyst and the approach conferred additional
safety benefits by allowing visualization of extraluminal
structures.

DISCUSSION

Although the current review has established a strict
criterion for inclusion, the included studies incorporated
a heterogeneous group of patients that were treated
with a number of different approaches. Thus, the results
were not directly comparable and statistical analysis in a
form of meta-analysis was inappropriate. Nevertheless,
a number of conclusions could still be made. EUS-
guided drainage has similar efficacy to surgery but the
EUS approach may reduce hospital stay, costs of the
procedure and improve quality of life. EGD and EUS-
guided drainages are both feasible but the success rate
of the EUS approach is better for non-bulging cyst and
it may offer additional safety benefit. Whether surgical
internal drainage of pancreatic pseudocyst is preferred
over percutaneous drainage needs to be validated, as
no results from a modern study are available. However,
surgical cystogastrostomy may still be preferred it avoids
the need of an external catheter and reduces the risk
developing an external pancreatic fistula. Consequently,
the EUS approach is preferred when anatomy of the
pseudocyst allows for direct drainage into the stomach
or duodenum. However, if the pseudocyst is located
away from the stomach or duodenum, surgical cystojeju-
nostomy or percutaneous drainage could be considered.
In addition, it is acknowledged that laparoscopic
drainage is the modern minimally invasive approach for
surgical drainage. However, results from comparative
studies were lacking and the long-term outcomes of the
treatment approaches could not be made.
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The current study is the only systematic review
comparing percutaneous, endoscopic and surgical drain-
age of pseudocyst. A prior systematic review compared
endoscopic and laparoscopic internal drainage by sum-
marizing the results from cohort studies without direct
statistical comparison™”, No randomized or comparative
studies were available. The review concluded that both
approaches were safe and the laparoscopic approach
appeared to have a higher success rate, lower morbidity
and recurrence. In a meta-analysis comparing EGD
and EUS-guided drainage, 2 randomized studies and 2
prospective studies were included®'. Technical success
was higher for EUS drainage (RR = 12.38, 95%CI:
1.39-110.22) and adverse events were similar between
the two techniques. The review concluded that for
bulging pseudocysts, both approaches could be selected
whereas for non-bulging pseudocyst, portal hypertension
or coagulopathy, EUS drainage is the preferred modality.

There were some limitations to the current study.
Firstly, the numbers of high quality comparative studies
assessing the 3 approaches were lacking. Hence, the
robustness of the results generated in this review is
limited by the quality of the original studies. Further-
more, with regards to the available randomized trials,
all were single center studies with small sample sizes
and they were not designed to detect differences in
recurrence rates or adverse event rates between the
modalities. Thus, the results were prone to type 1II error.
In addition, the literature search failed to identify any
comparative studies involving endoscopic transpapillary
drainage and laparoscopic internal drainage. Therefore,
conclusions regarding these approaches could not be
made. Furthermore, it was observed that many of the
studies did not report on the follow-up time or only
reported a very short follow-up period. This may not be
adequate to detect longer-term recurrence. Lastly, the
definitions of pseudocyst has changed over time and
may be different for each study, thus of the patients
included in the current review may not be suffering from
the modern definition of pseudocyst and the outcomes
of treatment may be affected by the definition.

Currently, there is a lack of consensus in the best
practice for pseudocyst drainage. A number of pro-
fessional bodies have attempted to establish guidelines
regarding the management of complications of acute
pancreatitis including infected pseudocyst and pancreatic
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necrosis®®!. However, none of these guidelines have

received widespread acceptance. In a systemic review
of 16 guidelines published by profession bodies, it was
observed that the guidelines lacked consensus and few
were graded according to the strength of evidence.
In addition, there were wide variations in the recom-
mendations regarding the role of percutaneous and
endoscopic drainage of pancreatic fluid collections.
For infected pseudocyst, percutaneous drainage was
recommended by 6 guidelines, 1 did not recommend
its use and for endoscopic drainage, the approach
was recommended by 7 guidelines. A recent guideline
published by the International Association of Pancrea-
tology and the American Association of Pancreateology,
represented the best evidenced-based recommendations
concerning key aspects the management of acute pan-
creatitis®”. However, the optimal management of pseu-
docysts were not discussed and there is still a pressing
need for more randomized studies to establish the best
approach for management of this condition.

In conclusion, significant heterogeneity was present
in the included studies and a clear conclusion could not
be made. However, EUS-guided drainage appeared to
be advantageous in drainage of pancreatic pseudocysts
located adjacent to the stomach or duodenum. In
patients with unfavorable anatomy, surgical cystogas-
trostomy or percutaneous drainage could be considered.
Large randomized studies with current definitions of
pseudocysts and longer-term follow-up are needed to
assess the efficacy of the various modalities.
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COMMENTS

Background

Pancreatic pseudocysts are traditionally managed by open surgical internal
drainage. With continued improvements in medical technology, the uses
of percutaneous, endoscopic and laparoscopic drainage were increasingly
reported. Nevertheless, trials comparing these different approaches are lacking.
Thus, the aim of this study is to perform a systematic review comparing the
outcomes of endoscopic, percutaneous and surgical pancreatic pseudocyst
drainage.

Research frontiers

Currently, there is a lack of consensus in the best practice for pseudocyst
drainage. A number of professional bodies have attempted to establish
guidelines regarding the management of complications of acute pancreatitis
including infected pseudocyst and pancreatic necrosis. However, the guidelines
lacked consensus and few were graded according to the strength of evidence.

Innovations and breakthroughs

Endoscopic ultrasound (EUS)-guided pseudocyst drainage is an endoscopic
approach for establishing internal transmural drainage of a pseudocyst.
The approach allows visualization of extra-mural structures to allow precise
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placement of internal stents.

Applications

In the current study, the authors conclude that EUS-guided drainage appeared
to be advantageous in drainage of pancreatic pseudocysts located adjacent
to the stomach or duodenum. In patients with unfavorable anatomy, surgical
cystojejunostomy or percutaneous drainage could be considered. Large
randomized studies with current definitions of pseudocysts and longer-term
follow-up are needed to assess the efficacy of the various modalities.

Terminology

Pseudocyst are fluid collections in the peri-pancreatic tissues persisting for
more than 4 wk on computed tomography, surrounded by a well-defined wall
and contained no solid material after an attack of pancreatitis.

Peer-review
The manuscript gives an overview of publications on outcome of endoscopic
drainage of pancreatic pseudocysts, compared with percutaneous and/or
surgical drainage.
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