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TOPIC HIGHLIGHT

llaria Tarantino, Assistant Professor, Series Editor

Tumors and new endoscopic ultrasound-guided therapies

Silvia Carrara, Maria Chiara Petrone, Pier Alberto Testoni, Paolo Giorgio Arcidiacono

Silvia Carrara, Maria Chiara Petrone, Pier Alberto Testoni, the pancreas which is extremely difficult to reach by a
Paolo Giorgio Arcidiacono, Scientific Institute San Raffaele, percutaneous approach. To date there are no random-
Vita-Salute San Raffacle University, 20132 Milan, ltaly -~ ized controlled trials to confirm the real clinical benefits
Author contributions: All the authors gave substantial contribu- of these treatments compared to standard therapy so it

tions to conception and design, acquisition of data, and analysis . .
. P CSIEN, acq : anc analyst seems wise to reserve them only for experimental pro-
and interpretation of data; drafting the article or revising it criti- . .
tocols approved by ethics committees.

cally for important intellectual content; and final approval of the
version to be published.
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Core tip: New operative procedures have been devel-
oped on the principle of the endoscopic ultrasound
(EUS)-guided puncture. A hybrid probe combining ra-
diofrequency with cryotechnology is now available, to
Abstract be passed through the operative channel of the echo-
With the advent of linear echoendoscopes, endoscopic endoscope into the tumor to create an area of ablation.
ultrasound (EUS) has become more operative and a The potential advantage of an ablation device employed
new field of oncological application has been opened under EUS control is the real-time imaging guidance
up. From tumor staging to tissue acquisition under into a deep target like the pancreas which is extremely
EUS-guided fine-needle aspiration, new operative pro- difficult to reach by a percutaneous approach.

cedures have been developed on the principle of the
EUS-guided puncture. A hybrid probe combining radio-
frequency with cryotechnology is nhow available, to be Carrara S, Petrone MC, Testoni PA, Arcidiacono PG. Tumors
passed through the operative channel of the echoendo- and new endoscopic ultrasound-guided therapies. World J Gas-
scope into the tumor to create an area of ablation. EUS- trointest Endosc 2013; 5(4): 141-147 Available from: URL:
guided fine-needle injection is emerging as a method http://www.wjgnet.com/1948-5190/full/v5/i4/141.htm DOI:
to deliver anti-tumoral agents inside the tumor. Ethanol http://dx.doi.org/10.4253/wjge.v5.i4.141

lavage, with or without paclitaxel, has been proposed
for the treatment of cystic tumors in non-resectable
cases and complete resolution has been recorded in up
to 70%-80%. Many other chemical or biological agents INTRODUCTION
have been investigated for the treatment of pancreatic
adenocarcinoma: activated allogenic lymphocyte cul- ~ Endoscopic ultrasound (EUS) has seen significant growth
ture (Cytoimplant), a replication-deficient adenovirus  in its applications in oncology in recent years' . With
vector carrying the tumor necrosis factor-a gene, or the advent of linear array therapeutic probes with a large
an oncolytic attenuated adenovirus (ONYX-015). The = working channel EUS has become more operative. From
potential advantage of treatment under EUS control is tumor staging to tissue acquisition under EUS-guided
the real-time imaging guidance into a deep target like fine-needle aspiration (FINA), new procedures have been
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developed on the principle of the EUS-guided puncture:
if we can puncture a lesion to acquire a cytological speci-
men, in the same way we can puncture a tumor to carry
chemical, biological, or physical therapy inside it. New
accessories have been developed, and clinical research on
applications in oncological patients has expanded, espe-
cially for pancreatic diseases" "',

ABLATIVE TECHNIQUES

Radiofrequency and cryotechnology
Ablative therapies such as radiofrequency (RF) and cryo-
technology (CT) are widely used in oncology, though not
in the pancreas because of the high operative risks. Ret-
rospective and prospective studies have, however, shown
the feasibility of water-cooled monopolar RF ablation in
patients with stage Il pancreatic cancer in an open, per-
cutaneous, or laparoscopic setting[”’ls]. They confirmed
that ablation in the pancreas is dangerous without addi-
tional cooling of adjacent tissue, real-time image control,
and currently available ablation systems”?”. Ttalian sur-
geons applied an RF probe in locally advanced pancreatic
cancer during laparotomy, demonstrating the feasibility
and safety of the technique®™

The potential advantage of an ablation device em-
ployed under EUS control is the real-time imaging
guidance into a deep target like the pancreas which is ex-
tremely difficult to reach by a percutaneous approach. A
minimally invasive technique to selectively ablate tumor
masses could improve the efficacy of neoadjuvant treat-
ments in patients not eligible for any other therapy. The
precision of EUS in establishing the location and size
of pancreatic masses could be exploited to estimate and

follow up the area of ablation and help avoid damage to
[24-26]

surrounding structures

A new flexible bipolar hybrid ablation system has
been developed (ERBE Elektromedizin GmbH, Tubin-
gen, Germany) (Figures 1, 2). This hybrid cryotherm
probe (CTP) combines bipolar RF ablation with CT. A
bipolar system is believed to create ablations with less
collateral thermal damage than monopolar systems but
the trade-off is some loss of overall efﬁciencym’zs]. The
CTP combines the advantages of the two technologies
and overcomes the loss of efficiency: the more effective
cooling by cryogenic gas permits more RF-induced inter-
stitial devitalizing effects than heat alone™. Less power
(16 W) is needed than with conventional RF ablation sys-
tems (30-60 W) to obtain the same result, so there should
be less collateral damage.

The CTP has an active electrical part with a diameter
of 1.8 mm. The entire probe is covered by a protection
tube that can be safely passed through the operative
channel of the echoendoscope without any risk for the
instrument. Basically this is an internally CO2-cooled RF-
ablation probe which ensures efficient cooling according
to the Joule-Thomson effect. The distal tip of the probe
is sharp, pointed and stiff in order to penetrate the gut
wall and pancreatic parenchyma. Parameters like the
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Total length of the active part =24 mm (1 + 3 + 2 + 4)
Length of each electrode = 8 mm (1 and 2)

Length of the isolation part = 4 mm (3)

Length of the tip = 4 mm (4)

Diameter of the active part = 1.8 mm

Diameter of the protection tube = 2 mm (5)

Figure 1 The tip of the ERBE hybrid cryotherm probe with the active elec-
trical part.

Figure 2 The ERBE flexible probe used for endoscopic ultrasound-guided
ablation of the parenchymal organs. The probe, covered with a protection
tube, is passed through the operative channel of the echoendoscope.

power setting of the generator, the pressure of the gas
through the expansion vessel, and the duration of appli-
cation can be set independently.

Transluminal RF ablation in the pancreas under EUS
control was feasible in an animal model®”. The power (16
W) and pressure (650 psi) settings were standardized on
the basis of previous experiments. Under real-time EUS-
guidance the CTP was cleartly visualized as a hyperechoic
line moving out of the working channel until it reached
its place in the pancreatic parenchyma. During the ap-
plication a hyperechoic elliptic area appeared around
the distal tip of the probe, surrounded by a hypoechoic
border (most likely edema) (Figure 3). There was a posi-
tive correlation between lesion size and application time:
the longer the application time the more the lesion size
varied, reflecting the fact that a 900-s application induces
high complication rates in a healthy pancreas.

On histological examination a sharp demarcation
was visible between the ablated area and the untreated
pancreatic parenchyma. Coagulative necrosis was evident
in the center of the lesion one week after the ablation;
after two weeks the lesions showed less edema and more
fibrotic transformation (Figure 4).

After the animal model experiments the efficacy of
the CTP was evaluated in an ex »ivo study for destroying
neoplastic tissue of explanted pancreas from patients
with resectable pancreatic adenocarcinoma. Again, histo-
logical examination found a positive correlation between
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Figure 3 The cryotherm probe applied in the porcine pancreas: the probe
is seen as an hyperechoic line. Initially an hyperechoic elliptic area appears
around the distal tip of the probe, surrounded by a hypoechoic border (most
likely edema).

Figure 4 Histopathologic section from the first pig: Normal pancreatic tis-
sue (A) surrounds the central treated area (B).

the size of the ablated area and the application time",

In the animal model the complications were related
to the ablation time: all but histochemical pancreatitis oc-
curred with ablations longer than 300 s. Pancreatic tissue
is very heat-sensitive and the thermal ablation of a not-
mal pancreas usually leads to an inflammatory response
with consecutive edema, fibrotic and sometimes cystic
transformation. The tissue response should be different
and less pronounced in a tumor mass surrounded by a
capsule where a desmoplastic reaction limits the damage
to the capsule to a certain extent.

Patients with unresectable, locally advanced pancreatic
adenocarcinoma were recently enrolled in a prospective
case study to investigate the feasibility of EUS-guided
CTP application 7 vivo and to assess to what extent pro-
gression of the disease was slowed™. The inclusion and
exclusion criteria are listed in Table 1. From September
2009 to May 2011, 22 patients (11 males and 11 females,
mean age 61.9 years) with unresectable stage Il pancre-
atic adenocarcinoma were enrolled. The cryotherm abla-
tion was feasible in 16 patients (72.8%). The probe was
cleatly visible throughout the procedure. No severe com-
plications arose during or immediately after the ablation.
Three patients reported post-interventional abdominal
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Table 1 Inclusion and exclusion criteria of patients treated

with endoscopic ultrasound-guided cryotherm ablation

Inclusion criteria Exclusion criteria

Age > 18 yr Severe alteration of
hemostasis

Able to give consent for the procedure Unwilling or unable to give

consent
Pregnancy
PLT > 100 000/ uL Infection and/ or severe
leucopenia
INR<15 Acute pancreatitis

Unresectable locally advanced pancreatic Distant metastasis
adenocarcinoma already treated with

neoadjuvant chemotherapy

PLT: Platelet count; INR: International normalized ratio.

pain, which responded well to analgesic drugs. Only one
patient experienced a minor bleed in the duodenal lumen
after the procedure, which was treated by endoscopic
placement of hemostatic clips and did not require blood
transfusion. Late complications arose in four cases: three
were related mainly to tumor progression. A computed
tomography scan was done in all patients but only in
6/16 was it possible to cleatly define the tumor margins
after ablation. In these patients the tumor seemed smaller
than the initial mass (P = 0.07).

For experts familiar with the EUS-FNA procedure,
the EUS-guided placement of the CTP and the ablation
itself should not present any technical challenge.

A hepatocellular carcinoma of the caudate lobe un-
suitable for surgery was treated with EUS-guided neo-
dymium: yttrium-aluminium-garnet (Nd:YAG) laser abla-
tion. A 300-um optical fiber was passed through a 22-G
needle which was then positioned in the tumor under
EUS guidance. After two months computed tomography
scan showed uniform hypo-attenuation without enhance-
ment in the ablated zone"”

Ablation of cystic lesions

Only few studies have examined the role of ethanol
injection in ablation of the lining epithelium of cystic
tumors. Pancreatic cystic tumors encompass a wide spec-
trum of histopathologies and biological behaviors (from
benign to borderline to malignant) and can be differenti-
ated essentially as mucinous or non-mucinous. They are
often detected by chance in asymptomatic patients during
radiological examinations for non-specific gastrointestinal
complaints. For the treatment of mucinous cystic tumors,
surgical resection is usually the first choice, but EUS-
guided ethanol lavage has been proposed as an alternative
for patients not suitable for surgery. The rationale for the
use of ethanol is that it can sclerose the lining epithelium
and reduce the influx of fluid. The cyst is punctured with
a 22-G fine needle under EUS-guidance, the fluid is as-
pirated, then ethanol is injected into the cyst and re-aspi-
rated after 3-5 min (Figure 5). In the initial pilot study the
Boston group showed the feasibility and safety of EUS-

guided ethanol lavage for pancreatic cystic tumors in 25
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Figure 5 Endoscopic ultrasound-guided puncture of a cystic tumor.
The cyst is punctured with a 22-G fine needle under endoscopic ultrasound
guidance, the fluid is aspirated, then ethanol is injected into the cyst and re-
aspirated after 3-5 min.

patients”". They obtained complete resolution of the
cysts in eight (33%), with variable degrees of epithelial
ablation observed at histological examination of resected
specimens in patients who subsequently underwent sur-
gery.

Other studies used taxol for lavage after the ethanol.
Paclitaxel is a viscous, hydrophobic chemotherapeutic
agent that is believed to have prolonged action in the
cyst. In a preliminary study 11 out of 14 patients showed
complete cyst resolution after ethanol lavage and pacli-
taxel injection”>,

A more recent cohort study determined the duration
of successful cyst resolution after EUS-guided ethanol la-
vage. Computed tomography scans at a median of 26 mo
suggested resolution lasted well”. In the Editorial com-
menting this study, Goodman e7 al™ suggest that until
we have better randomized controlled trials EUS-guided
ethanol ablation of pancreatic cysts is best reserved for
experimental protocols and for patients who cannot un-
detrgo surgery.

EUS-guided injection of anti-tumoral agents

EUS-guided fine-needle injection is emerging as a method
to deliver anti-tumoral agents inside pancreatic tumors.
Many chemical or biological agents have been investi-
gated for the treatment of pancreatic adenocarcinoma:
activated allogenic lymphocyte culture (Cytoimplant)mj,
a replication-deficient adenovirus vector carrying the
tumor necrosis factor-o genem’m, and an oncolytic at-
tenuated adenovirus (ONYX-015)". The procedure
was developed on the principle of EUS-guided FNA:
the needle is passed through the operative channel of
the echoendoscope and is followed in real time while it
punctures the tumor and the agent is delivered inside the
mass. A Doppler signal helps avoid interposing vessels
and makes the procedure safer.

Allogenic mixed lymphocyte culture (Cytoimplant):
The first study, by Chang ez al*” assessed the technical
feasibility and safety of EUS-guided injection of allo-
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genic mixed lymphocyte culture (Cytoimplant) in locally
advanced pancreatic adenocarcinoma. Eight patients with
unresectable pancreatic cancer were given a single EUS-
guided injection of Cytoimplant. The first two received
three billion cells, the next three six billion cells and the
last three nine billion cells. The procedures were safe and
there were no severe complications. The only side effect
reported was low-grade fever. Median survival was 13.2
mo. No other studies have followed this first phase I trial.

Replication-deficient adenovirus vector carrying the
tumor necrosis factor-g, gene: Chang ¢z a/*” also tested
EUS-guided TNFerade injection in patients with locally
advanced pancreatic cancer. TNFerade is a replication-
deficient adenovector that contains the human tumor
necrosis factor (TNF)-a gene. Patients received five
weekly EUS-guided intratumoral injections of TNFerade
@ % 10°, 4 x 10", and 4 x 10" particle units in 2 mL).
This was combined with 7» chemotherapy (fluorouracil,
5-FU) and radiation. The rationale for this triple strategy
lies in the synergism between the three therapies. 5-FU
is directly toxic to malignant cells and is also a radiosen-
sitizer; radiation therapy destroys tumor cells and up-
regulates TNF production; and TNFerade, which is also
a radiosensitizer, kills the tumor cells. The procedure was
well tolerated. Patients who received the higher doses had
better locoregional control of the disease, better median
survival rates, and a higher percentage of resective sur-

gery after the treatment'**?,

Adenovirus ONYX-015: Another anti-tumoral viral
therapy schedule is ONYX-015, a replication selective
adenovirus with a deletion in the E1B-55 kDa gene,
which preferentially replicates in tumoral cells and kills
them. Twenty-one patients were given EUS-guided injec-
tions of ONYX-015 over an eight-week period. Com-
plications were more severe than in the previous studies
described: two patients had sepsis and two had duodenal
perforation. None showed tumor regression with the
ONYX-015 injection alone after five weeks, but two pa-
tients had a partial response after the combination with
gemcitabinem].

Although EUS-guided antitumoral injection seems
feasible and safe, and the results of these studies seem
promising, the efficacy in phase Il randomized con-
trolled trials has still to be demonstrated and published.

PLACEMENT OF EUS-GUIDED FIDUCIAL
MARKERS AND BRACHYTHERAPY

EUS guidance can also be used to place fiducial markers
or radioactive seeds inside a tumor. Fiducial markers are

radiopaque spheres, coils, or seeds that are implanted in
or near the tumor in order to demarcate the borders of
the tumor to facilitate image-guided radiation therapy.
Many studies have been published on EUS-guided place-
ment of these markers in different tumors™ .

The fiducials are passed through a 19-G or 22-G

April 16,2013 | Volume 5 | Issue 4 |



Carrara S et a/. Tumors and EUS therapy

Table 2 Potential applications of therapeutic endoscopic ultrasound for pancreatic cancer

Ref. Year of Type of cancer n Materials Results Complications
publication

Arcidiacono et al™ 2012 Adeno-carcinoma 22 Cryotherm probe Feasible (72%), and safe Pain (3 pts); minor bleeding (1 pt)

Gan et al™ 2005 Cystic tumors 25  Ethanol lavage Complete resolution (35%) No complications

Oh et al®™ 2008 Cystic tumors 52  Ethanol lavage + Complete resolution (62%) Mild pancreatitis and splenic vein
paclitaxel obliteration (1 pt)

Chang et al™ 2000 Adeno-carcinoma 8 Cytoimplant 2 partial responses and 1 minor Low-grade fever (86%);

response Gl toxicities (37 %)
Hecht 2012 Adeno-carcinoma 50 TNFerade 1 complete response; 3 partial Pancreatitis and cholangitis (3 pts)
responses; 12 stable diseases
Hecht et al? 2003 Adeno-carcinoma 21  ONYX-015 + iv Partial response (2 pts) Sepsis (2 pts);
gemcitabine duodenal perforation (2 pts)
Jin et al™ 2008 Adeno-carcinoma 22 iodine 125-seeds  Successful implantation in all pts; No complications

partial remission (13%);
stable disease (45%)

GI: Gastrointestinal.

needle and deployed with different techniques into the
mass, using the stylet, or by injecting sterile water into
the needle™. The fact that the 19-G needle is stiffer can
make it harder to position the fiducials in pancreatic head
tumors with the echoendoscope placed in the second
portion of the duodenum, while with the smaller-caliber
22-G needle it may be easier to place the fiducials in the
deepest portions of the pancreas'.

Few trials have evaluated EUS-guided implantation of
radioactive seeds (iodine-125) in patients with untesect-
able pancreatic cancer™, Patients treated with a com-
bination of radioactive seeds and chemotherapy showed
tumor regression and reported some relief of pain™.

CONCLUSION

EUS, born as an extremely accurate imaging technique,
is emerging as a tool to guide interventional endoscopy
in oncological patients, from EUS-guided FNA, to EUS-
guided injection of anti-tumoral agents, to EUS-guided
ablation devices. Table 2 summarizes the potential onco-
logical applications of therapeutic EUS.

Many case series and reports have confirmed the
feasibility and safety of EUS-guided operative proce-
dures, but there are still no randomized controlled trials
to confirm the real clinical benefits of these treatments
compared to standard therapy. At the moment it seems
wise to reserve them only for experimental protocols ap-
proved by ethics committees.
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Abstract

AIM: To estimate the fetal radiation exposure using
thermoluminescent dosimeters (TLD’s) in preghant pa-
tients undergoing endoscopic retrograde cholangiopan-
creatography (ERCP) and assess its relevance.

METHODS: Data on thirty-five therapeutic ERCPs con-
ducted in pregnant patients from 2001 to 2009 were
retrieved from a prospective database. Techniques to
minimize fluoroscopy time were implemented and the
fluoroscopy times captured. TLD’s were placed on the
mother to estimate the fetal radiation exposure and
the results were compared to the maximum allowed
dose of radiation to the fetus [0.005 gray (Gy)]. Ob-
stetrics consultations were obtained and the fetus was
monitored before and after the ERCP. Fluoroscopy was
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performed at 75 kVp. ERCP was performed with the pa-
tients supine by dedicated biliary endoscopists perform-
ing more than 500 cases a year.

RESULTS: A total of 35 pregnant patients underwent
ERCP and biliary sphincterotomy (14 in first trimester,
11 in second trimester, and 10 in third trimester). Mean
maternal age was 25 years (range 16-37 years) and
mean gestational age was 18.9 wk (range 4-35 wk).
Mean fluoroscopy time was 0.15 min (range 0-1 min).
For 23 women, the estimated fetal radiation exposure
was almost negligible (< 0.0001 Gy) while for 8 wom-
en, it was within the 0.0001-0.0002 Gy range. Three
women had an estimated fetal radiation exposure be-
tween 0.0002 and 0.0005 Gy and 1 woman had an esti-
mated fetal radiation exposure greater than 0.0005 Gy.
Complications included 2 post-sphincterotomy bleeds,
2 post-ERCP pancreatitis, and 1 fatal acute respiratory
distress syndrome. One patient developed cholecystitis
2 d after ERCP.

CONCLUSION: ERCP with modified techniques is safe
during pregnancy, and estimating the fetal radiation
exposure from the fluoroscopy time or measuring it via
TLD's is unnecessary.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Choledocholithiasis can occur in as many as 12% of
pregnant women and increases with gestational agem. It
may be associated with cholangitis and/or gallstone pan-
creatitis, both of which have an increased morbidity for
the mother and fetus”. Therefore choledocholithiasis is
the most common indication for endoscopic retrograde
cholangiopancreatography (ERCP) during pregnancy".
For pancreaticobiliary diseases in pregnancy, ERCP has
been suggested as an effective alternative to surgery'.
Suggestions have been made that ERCP is likely best
performed during the second trimester, though the pro-
cedure appears reasonably safe to be performed through-
out the entire period of pregnancym. ERCP is currently
exclusively indicated for therapeutic reasons in light of
the endoscopic risks (such as bleeding, pancreatitis or
perforation) as well as the ionizing radiation exposure to
the fetus', ERCPs are therapeutic when one or more of
the following is performed: endoscopic sphincterotomy,
removal of stones, stent placement, dilation of strictures.
Efforts to minimize ionizing radiation, measured in rads
(radiation absorbed dose)"” or in rem (radiation equiva-
lent man) or in international units gray (Gy)", should be
undertaken. During neuron development, the threshold
for malformations appears to be 0.001 Gyls] and the
overall maximum allowed dose of radiation to the fetus is
0.005 Gy'". The International Commission of Radiologi-
cal Protections recommends specific calculations of fetal
radiation exposure when doses are suspected to exceed
the threshold of 0.01 Gy". Our study sought to estimate
the fetal radiation exposure using thermoluminescent do-
simeters (TLD’s) in pregnant women undergoing thera-
peutic ERCP with modified techniques as well as look at
the outcome of the ERCP in those patients.

MATERIALS AND METHODS

All pregnant woman undergoing ERCP between 2001 till
2009 were captured in a dedicated prospective database.
A total of thirty-five pregnant women were entered. The
records were reviewed to determine the procedure indica-
tions and outcome in terms of success and eventual mot-
bidity. Also, existing perinatal records were reviewed. The
institutional review board approved the study protocol.

Preprocedure characteristics and evaluation

Pre-ERCP diagnosis included gallstone pancreatitis (17),
choledocholithiasis (11), symptomatic cholelithiasis (6)
and cholangitis (1). Obstetrics consultations were ob-
tained and the fetus was monitored before and after the
ERCP. Antibiotics were administered prophylactically.
The modified technique involved the patients being
placed supine on the fluoroscopy table, and the lower
abdomen and pelvis being shielded with a 0.5- to 1.0-mm
thickness of lead or its equivalent”. The uterus was po-
sitioned outside the primary X-ray beam. Four pairs of
TLD’s were taped to the skin; one pair on the abdomen
over the uterus shielded by lead, one pair on the upper
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Figure 1 Fluoroscopy view of stone in common bile duct in a pregnant
patient.

abdomen in the primary beam, one pair on the lower
back beneath the uterus shielded by lead and one pair
on the upper back in the primary beam. Fluoroscopy
was performed at 75 kVp. A TLD reader was used and
its readings were converted to milliards (mrads) of dose
received at the skin surface by using a calibration curve!.
TLDs on the upper back in the primary beam recorded
the highest dose; about 10% of this dose was estimated
to be the fetal dose”. The fetus was considered to be
10 cm from the posterior surface, and percentage depth
dose at 10 cm was taken as approximately 10%. The
depth dose varies with body habitus and gestational age

. . . . 7
and hence the dose estimation was an approximation'”.

ERCP techniques

ERCP was performed with the patients supine by dedi-
cated biliary endoscopists performing more than 500
cases a year'. Free biliary cannulation was obtained by
using a sphincterotome and was confirmed by aspira-
tion of bile, after which a biliary sphincterotomy was
performed”. An 11.5-mm diameter retrieval balloon
was advanced into the bile duct”. Contrast medium was
injected, and a balloon occlusion cholangiogram was ob-
tained to confirm the presence and location of stones, as
well as cystic duct patency, after which the balloon was
used to extract stones (Figures 1 and 2) ,

RESULTS

A total of 35 pregnant patients underwent ERCP and
biliary sphincterotomy (14 in first trimester, 11 in second
trimester, and 10 in third trimester). Mean maternal age
was 25 years (range 16-37 years) and mean gestational
age was 18.9 wk (range 4-35 wk). Mean fluoroscopy time
was 0.15 min (range 0-1 min). For 23 women, the esti-
mated fetal radiation exposure was negligible (< 0.0001
Gy) while for 8 women, it was within the 0.0001-0.0002
Gy range. Three women had an estimated fetal radia-
tion exposure between 0.0002 and 0.0005 Gy and one
woman had an estimated fetal radiation exposure greater
than 0.0005 Gy (Figure 3). Mean values for biochemical
tests obtained before ERCP were the following: aspartate
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Figure 2 Endoscopic view of impacted stone in a pregnant patient.

aminotransferase 179 IU/L (range: 25-310 IU/L); alanine
aminotransferase 210 TU/L (27-561 TU/L); alkaline phos-
phatase 162 TU/L (44-394 TU/L); and total bilirubin 2.4
mg/dL (0.2-5 mg/dL). Four patients prior to pregnancy
had cholecystectomy, one patient had a cholecystectomy
during the pregnancy and prior to ERCP, and four pa-
tients required cholecystectomy post-ERCP during their
pregnancy.

The patients’ final diagnosis was made based on
ERCP findings, that is, extraction of stone or stone
fragments after biliary sphincterotomy. Final diagnosis
included the following: choledocholithiasis (18), gallstone
pancreatitis (14), cholelithiasis, microlithiasis, and cho-
lestasis. Complications of the ERCP procedure included
post-sphincterotomy bleeding in two patients (controlled
by hemoclip placement), post-ERCP pancreatitis (pan-
creatitis that developed within a week after ERCP) in
two patients that necessitated one and two days of hos-
pitalization, and acute respiratory distress syndrome in
one patient who passed away as a result. One patient had
cholecystitis requiring laparoscopic cholecystectomy 2 d
post-ERCP. Two patients had contractions post-ERCP
that resolved with hydration and terbutaline administra-
tion, respectively. Four mothers were at term and 2 moth-
ers were preterm. Labor was induced in 2 mothers with
non eventful delivery.

DISCUSSION

The incidence of gallstone disease during pregnancy has
been estimated to be between 4.5% to 12%!"7. Choledo-
cholithiasis may lead to potentially life-threatening chol-
angitis and/or gallstone pancreatitis. Given the necessity
of treating cholangitis and gallstone pancreatitis duting
pregnancy” with therapeutic ERCP, an estimate of the
radiation exposure to the fetus from an uncomplicated
ERCP procedure should be known. Several published
studies have investigated post-ERCP complications
(preterm births, pancreatitis, sphincterotomy bleed) in
pregnant women with a few capturing the mean time of
fluoroscopy.

The mean fluoroscopy time was 14 s (range 1-48 s)
and with use of TLDs the fetal radiation exposure was
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estimated to be 0.0004 Gy (range 0.0001-0.0018 Gy) in
Kahaleh ez al”. Despite there being a correlation between
fluoroscopy time and radiation exposure, each fluoros-
copy time corresponded with a wide range of radiation
exposures. Complications included one post-sphincterot-
omy bleed and one post-ERCP pancreatitis. Two of the
17 women developed third-trimester preeclampsia, and
labor was induced in both. Thirteen of the 15 patients
who delivered were contacted and they confirmed that
their child was in good health. Similar but limited com-
plications were seen in Jamidar ez a/”. Twenty-three preg-
nant patients underwent a total of 29 ERCPs with one
post-ERCP pancreatitis. Also, there was one spontaneous
abortion (3 mo after ERCP) and one neonatal death;
however, casual relationship to ERCP was not clear.

In Tang ef M in 2009, the largest retrospective
study on ERCP in pregnant women, 68 ERCPs were
performed on 65 pregnant women. The median fluoros-
copy time was 1.45 min (range 0-7.2 min) and 11 patients
(16%) had post-ERCP pancreatitis Term pregnancy was
achieved in 53 patients (89.8%). Patients having ERCP
in the first trimester had the lowest percentage of term
pregnancy (73.3%) and the highest risk of preterm de-
livery (20.0%) and low-birth-weight newborns (21.4%).
None of the 59 patients with long-term follow-up had
spontaneous fetal loss, perinatal death, stillbirth, or fetal
malformation.

Gupta e al'" reported on one of the longest follow-
up periods on fetal outcome after ERCP. Eighteen preg-
nant women underwent ERCP and sphincterotomy (4
in the first trimester, 6 in the second, and 8 in the third)
in which the location of the cannula in the bile duct was
confirmed using ultrasound guidance in 5 patients and
bile aspiration in 2 patients. Indications included elective
ERCP in 14 and symptomatic choledocholithiasis in 4.
Complications included a post-sphincterotomy bleed and
a mild post-ERCP pancreatitis in another, who also had
preterm delivery. Eleven of 18 patients had healthy chil-
dren without any developmental or congenital abnormali-
ties 11-years post ERCP follow-up.
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Tiwari e/ a/'” conducted a systematic review of 19
studies including 214 ERCPs in pregnant women and the
procedure related complications included spontaneous
abortion (0.9%), fetal distress (0.6%) and post procedure
pancreatitis (4.6%). Preterm birth occurred in 4.6% with
majority of the APGAR score greater than 8. Post-pro-
cedure pancreatitis risk factors include: young age, female
sex, history of pancreatitis, sphincter of oddi dysfunc-
tion, difficult cannulation and precut sphincterotomy[()].
Thus, post-ERCP pancreatitis does not adversely affect
pregnancy-related outcomes, as reported previously'”.
Cholecystectomy was performed in a few of the patients
reviewed and most likely does not appear to lead to pre-
term delivery and low birth Weight[m].

In a few studies, biliary stents were placed not only
when residual stones or fragments were present, but also
in an effort to limit total fluoroscopy time'"". Farca ef af”
placed 10-French biliary stents without sphincterotomy
in 10 patients, all of which had uncomplicated pregnan-
cies and deliveries. Daas e 2/ in 2009 (17 ERCPs in 10
patients) placed plastic biliary stents when large (> 10
mm) biliary stones were encountered or when there was
doubt regarding complete stone clearance. Fluoroscopy
was used in 6 cases with mean exposure time of 8 s. Most
of the 10 pregnant women in the study required repeat
ERCPs with one woman receiving 3 subsequent ERCPs
without fluoroscopy and had to return postpartum for a
definitive stone extraction.

Barthel ¢ al'™ performed biliary sphincterotomy in
3 patients with gallstone pancreatitis despite the absence
of choledocholithiasis; one patient had post-ERCP pan-
creatitis and none had recurrent pancreatitis and all preg-
nancies had healthy outcome. Tang ez al"" showed that
prophylactic sphincterotomy during ERCP can effectively
reduce the risk of recurrent biliary pancreatitis during
pregnancy. Therefore, ERCP with biliary sphincterotomy
was performed in all 35 patients in our study.

Some have advocated eliminating radiation exposure
by biliary cannulation with a sphincterotome, confirma-
tion of access by bile aspirationm followed by sphinc-
terotomy and stone extraction with a balloon catheter"™.
With this technique of using wire-guided cannulation
techniques to achieve bile duct access without use of
ﬂuoroscopym, there is lack of ductal system definition
and additional stones may be missed”. Importantly,
aspiration of bile into the catheter does not necessarily
confirm whether the CBD or the cystic duct has been
cannulated”. Although it is important to minimize radia-
tion exposure during ERCP, without fluoroscopy, residual
stones or debris can be left in the CBD and might lead to
recurrent cholangitis with more serious effects on both
the fetus and mother".

In Sharma e a/'" in 2008, 11 pregnant women un-
derwent biliary sphincterotomy and stenting without
fluoroscopy and had definitive ERCP and stone clearance
after pregnancy. One patient with large common bile
duct stone required mechanical lithotripsy while another
required surgery. Of note, the indication for the ERCP
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in the study was choledocholithiasis not cholangitis or
gallstone pancreatitis which carry an increased mortality
to the mother and fetus and likely necessitate definitive
ERCP during the pregnancy. Further studies are required
to prove that the clinical efficiency of nonradiating
ERCP remains at the same level with conventional fluo-
roscopically guided ERCP". Girotra ez 2/ described an
alternative management strategy to conventional ERCP
in pregnant women with choledocholithiasis and cholan-
gitis detected using EUS and choledochoscopy.

Fluoroscopy time can be utilized in ERCPs performed
in pregnant patients and limiting fluoroscopy time is one
of the most efficient methods to reduce radiation dose'.
Lead shielding should be used hard copy radiographs
should be avoided” and anterior posterior beam projec-
tion should be used as it results in lower fetal dosing[é’sl.
The radiation risks include fetal death, growth retardation
especially during organogenesis and malformations'”. Ex-
posures over 0.001 Gy during neuron development and
migration may be associated with microcephaly, mental
retardation and childhood cancers". The maximum al-
lowed dose of radiation to the fetus is 0.005 Gy'".

The International Commission of Radiological Pro-
tections recommends specific calculations of fetal radia-
tion exposure when doses are suspected to exceed the
threshold of 0.01 Gy". Surprisingly, ERCP-induced fetal
radiation exposure from ERCPs carried out in pregnant
patients have been reported in the literature to vary from
0.0001 to 0.003 Gy per procedure™>"*" In our study,
the ERCP-induced fetal radiation ranged from less than
0.0001 to greater than 0.0005 Gy. For the majority of the
women (88.6%), the estimated fetal radiation exposure
was no more than 0.0002 Gy; while only one woman’s
estimated fetal radiation exposure was greater than 0.0005
Gy. The fetal radiation exposure values in our study are
below the threshold established by the International
Commission of Radiological Protections needing specific
calculations of fetal radiation exposure and the maximum
allowed dose of radiation to the fetus.

Thus, for a routine ERCP with modified techniques,
estimating the fetal radiation exposure from the fluoros-
copy time and measuring it with the use of TLD’s is un-
necessary. The threshold may be exceeded in complicated
long-lasting ERCPs" and in these complicated long-lasting
ERCPs, dosimetry may be used to estimate the fetal radia-
tion exposure, such as patients with altered anatomy, failed
prior ERCP or complex bile leak. By placing TLD’s on the
pregnant patient over and above the uterus, one can ob-
tain a good estimate of the fetus doses from calculations
based on a TLD reading. The value is an approximation,
probably an underestimate of the real value, as the prin-
cipal source of radiation to the fetus during the ERCP
comes from scattered radiation absorbed within the
mother’s body"”. Tham e# a/" attempted to attain a better
estimate using nonanthopomorphic phantom to estimate
the entrance skin dose and estimated the fetal dose expo-
sure at 0.003 Gy.

The safety and efficacy of therapeutic ERCP has been
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demonstrated in many studies! | For a routine

ERCP, the reported fetal radiation exposure falls below
the maximum allowed dose of radiation to the fetus of
0.005 Gy, therefore estimating the fetal radiation expo-
sure from the fluoroscopy time or by measuring it from
the use of TLD’s is unnecessary.
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Abstract

AIM: To determine the test characteristics of commu-
nity based video capsule endoscopy (VCE) in patients
undergoing sequential VCE and double balloon enteros-
copy (DBE).

METHODS: Eighty-nine patients (34 females, 55 males,
mean age 66) who underwent both VCE and DBE from
2008-2010 were retrospectively reviewed. Lesions de-
tected at VCE were categorized. Capsule directed DBE
followed and included 44 antegrade, 11 retrograde and
34 combined antegrade and retrograde procedures. Le-
sions detected were compared utilizing the McNemar's
test.

RESULTS: Angioectasia detection with VCE was 25%
and with DBE 35% (P < 0.03) with a calculated sensi-
tivity and specificity of 58% and 93% respectively. Pol-
yps were detected by VCE in 22% and in DBE 20%, (P
= (0.6), with a sensitivity and specificity for VCE of 61%
and 87%. Small bowel diverticula were only seen in 1%
of VCE but in 12% of DBE patients (P < 0.002) with a
calculated sensitivity and specificity of VCE of 9% and
100%.

CONCLUSION: VCE would be moderately sensitive
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and specific overall with considerable variation by le-
sion. Furthermore, VCE cannot be relied upon to diag-
nose small bowel diverticula.

© 2013 Baishideng. All rights reserved.

Key words: Video capsule endoscopy; Double balloon
enteroscopy; Angioectasia; Diverticulosis; Obscure gas-
trointestinal bleeding

Core tip: Advances in endoscopic technology have rev-
olutionized the evaluation of small intestinal disorders.
Non-invasive imaging utilizing video capsule endoscopy
(VCE) offers the potential to safely visualize the entire
small bowel with a high diagnostic yield. It is limited by
a lack of therapeutic ability, imprecise localization, fail-
ure to reach the colon in all cases and inconsistent vi-
sualization of the entire small bowel. Deep enteroscopy,
utilizing double balloon enteroscopy (DBE), enables di-
agnostic and therapeutic endoscopy of the small bowel.
Although total enteroscopy can be accomplished, it typ-
ically requires antegrade and retrograde approaches.
In most clinical situations, VCE is performed initially. By
using DBE as the criterion (gold) standard, the sensitiv-
ity and specificity of community based VCE can be as-
sessed for individual lesions, offering a more informa-
tive comparison than diagnostic yield.

Tenembaum D, Sison C, Rubin M. Accuracy of community
based video capsule endoscopy in patients undergoing fol-
low up double balloon enteroscopy. World J Gastrointest En-
dosc 2013; 5(4): 154-159 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v5/i4/154.htm DOI: http://dx.doi.
org/10.4253/wjge.v5.i14.154

INTRODUCTION

Advances in endoscopic technology have revolutionized
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the evaluation of small intestinal disorders. Non-invasive
imaging utilizing video capsule endoscopy (VCE) offers
the potential to safely visualize the entire small bowel
with a high diagnostic yield“’zl. It is limited by a lack of
therapeutic ability, imprecise localization, failure to reach
the colon in all cases and inconsistent visualization of the
entire small bowel™. Deep enteroscopy, utilizing double
balloon enteroscopy (DBE), enables diagnostic and
therapeutic endoscopy of the small bowel. Limitations of
DBE include its invasive nature, limited availability and
the need for anesthesia'. Although total enteroscopy can
be accomplished, it typically requires antegrade and ret-
rograde approaches. The rate of total enteroscopy varies
between 11%-66%"". In most clinical situations, VCE
is performed initiallym. The results can then be used to
determine the need for deep enteroscopy as well as the
entry route (antegrade or retrograde) ™. Studies compar-
ing the relative abilities of VCE and DBE, atre based on
“diagnostic yield” which refers to the proportion of ex-
aminations in which any abnormality is detected. Two re-
cent meta-analyses of studies comparing VCE and DBE
have demonstrated comparable diagnostic yields"”. Few
studies, however, compared the individual abnormalities
detected at VCE with those subsequently confirmed at
DBE". We propose to evaluate the test characteristics of
VCE for each type of lesion by comparing the results of
community based VCE to the findings at follow up DBE
for each patient. By using DBE as the criterion (gold)
standard, the sensitivity and specificity of community
based VCE can be assessed for individual lesions, offet-
ing a more informative comparison than diagnostic yield.

MATERIALS AND METHODS

Patients

Eighty-nine patients, 34 females and 55 males with a
mean age of 66, who underwent sequential VCE and
DBE exams between 2008-2010 were retrospectively
reviewed (Table 1). The study was approved by the New
York Hospital Queens institutional review board. All
VCE studies but one were performed with the Given
Imaging Pillcam SB2" system. VCE studies were read
by both community and full-time academic gastroenter-
ologists in the New York metropolitan area. A formal
second review of VCE studies by a single expert was
not performed. Preparation for VCE was variable and
depended on the preferences of the referring physician.
Findings were not correlated with use and type of prepa-
ration. No attempt was made to correlate VCE findings
with pre-procedure preparation since the effect of prepa-
ration on diagnostic yield remains controversial'?, All
patients undergoing antegrade DBE were NPO for eight
hours prior to the exam. All patients undergoing retro-
grade DBE were prepped with a combination of 2 L. of
polyethylene glycol and Bisacody 120 mg;

DBE
DBE studies were performed with the Fujinon EN-450T5
enteroscope with a methodology described previouslym].
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Table 1 Demographics 7 (%)

Total patients 89
Male 55 (62)
Female 34 (38)
Median days from VCE to DBE 29 (8-64)
Age (range) (yr) 66 (19-93)
Antegrade DBE 44 (49)
Retrograde DBE 11 (12)
Antegrade and retrograde DBE 34 (38)

VCE: Video capsule endoscopy; DBE: Double balloon enteroscopy.

All DBE procedures were performed by one attending
(MR) and a gastroenterology fellow at New York Hospital
Queens Weill-Cornell Medical College. The approach to
DBE was guided by VCE findings. Patients with positive
VCE findings in the proximal and mid small-bowel under-
went antegrade DBE initially. If the lesion was not found,
a retrograde procedure was then performed. Patients with
lesions seen in the distal small bowel at VCE underwent a
retrograde DBE as the initial procedure. If the lesion was
not found, an antegrade procedure was then performed.
In total 44 patients underwent antegrade DBE, 11 retro-
grade DBE and 34 underwent both. Sixteen of the 34 had
complete enteroscopylS’GJ. In patients with obscure gas-
trointestinal bleeding (OGIB) and negative VCE exams,
DBE was guided by the patient’s history. A second DBE
was only performed if no lesion was found. The median
time interval between the performance of VCE and the
initial DBE was 29 d.

Descriptive statistics such as means, SD, medians and
interquartile range were used to characterize the age dis-
tribution and time between VCE and DBE. Sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV), along with their corresponding
95% confidence intervals, were calculated to evaluate the
accuracy of VCE for identification of lesions using DBE
as criterion standard. McNemar’s test for paired data was
used to compare detection rates between VCE and DBE.
In addition to investigating detection rates for the over-
all presence of any lesion, separate analyses were also
performed according to the type of lesion (angioectasia,
diverticula, mass, polyps, ulcers/erosions). All analyses
were performed using SAS version 9.2 (SAS Institute,
Cary, NC). A result was considered statistically significant
at the P < 0.05 level of significance.

Statistical analysis

Abnormalities identified by VCE and DBE were cat-
egorized into 5 groups to facilitate the comparison of
VCE to DBE by lesion type. These groups include: (1)
Angioectasia; (2) Diverticula; (3) Mass; (4) Polyps; and (5)
Ulcers/Erosions.

RESULTS

Indication
Indications for VCE included OGIB (# = 78, 88%), sus-
picion of Crohn’s disease (# = 10, 11%), and suspicion

April 16,2013 | Volume 5 | Issue 4 |



Tenembaum D et a/. Sensitivity and specificity of capsule endoscopy

Table 2 Diagnostic yield by lesion

VCE DBE P value
Angioectasia 25% 35% 0.03
Diverticula 1% 12% 0.002
Mass 2% 2% NA
Polyps 22% 20% 0.62
Ulcers 17% 14% 0.44
All Lesions 64% 66% 0.72

VCE: Video capsule endoscopy; DBE: Double balloon enteroscopy; NA:
Not available.

of Whipples disease (7 =1, 1%).

Diagnostic yield

The overall diagnostic yields of VCE and DBE were
64% and 66% respectively (P = 0.72). Diagnostic yield by
lesion type showed a significantly higher detection rate
for DBE in the detection of angioectasia and diverticula.
Angioectasia detection by VCE was 25% compared to
35% for DBE (P = 0.03, Table 2). By location, 35% of
angioectasias identified at VCE were in the first tertile,
43% in the second tertile and 22% in the third tertile.
The vast majority of angioectasias (11/13) seen at DBE
but not at VCE were in the proximal to mid-small bowel.
Small bowel diverticula were seen in 1% of all VCE pa-
tients compared to 12% of DBE patients (P = 0.002).
Diverticula were identified in the duodenum in 2 patients,
jejunum in 7 patients and the ileum in 4 patients. Mass le-
sions were seen in two patients with VCE and both were
confirmed at DBE. No additional mass lesions were dis-
covered by DBE. Small bowel polyps were seen in 22%
of VCE patients compared to 20% of DBE patients (P
= 0.62). Small bowel ulcers were seen in 17% of VCE
patients compared to 14% of DBE patients (P = 0.44)
(Table 2).

Test characteristics of VCE

Comparison of VCE and DBE findings by lesion type:
(1) Angioectasia: Angioectasias were found by both VCE
and DBE in 18 patients. They were found only in VCE
in 4 patients and in DBE alone in 13 patients; and (2) Di-
verticula: Small bowel diverticula were seen in both VCE
and DBE in only 1 patient but were seen at DBE in 10
additional patients (Figure 1).

Two masses wete seen by both VCE and DBE. Pol-
yps wete found by both VCE and DBE in eleven pa-
tients, at VCE and not DBE in 9 patients, and were seen
at DBE and not VCE in 7 patients. Ulcers were found in
both VCE and DBE in 6 patients, at VCE but not DBE
in 9 patients, and were seen at DBE and not VCE in 6
patients (Table 3).

The sensitivity and specificity of VCE using DBE
as the criterion standard varied by lesion type (Figure 2).
Overall, the sensitivity of VCE was 65% and the speci-
ficity was 66%. VCE was most sensitive and specific for
masses (100%). It was moderately sensitive (58%) but
highly specific (93%) for angioectasia. The sensitivity for
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Figure 1 Small bowel diverticula.

ulcers/erosions was 50% and the specificity was 88%.
For polyps, the sensitivity and specificity was 61% and
87%. Importantly, VCE had very low sensitivity for de-
tecting diverticulosis (9%) (Figure 2, Table 3).

The positive and NPV of VCE by lesion were; An-
gloectasia 82% and 81% respectively; Diverticula 100%
and 89% respectively; Mass 100% positive and NPV; Pol-
yps 55.0% and 90% respectively; Ulcers/erosions 40%
and 92% respectively (Figure 3, Table 3).

DISCUSSION

In our study of patients undergoing sequential VCE and
DBE, the overall diagnostic yield of these two proce-
dures was equivalent. This is consistent with prior stud-
ies!"”. However, when diagnostic yield was compared
by lesion type, we found significant differences between
VCE and DBE. DBE had a higher diagnostic yield for
both diverticula and angioectasia.

Duodenal diverticula are reported in 5% of upper
abdominal radiographs and up to 25% in patients un-
dergoing ERCP or at autopsy[14]. Small bowel diverticula
are less common but have been found in 0.5% to 5% of
radiographs and autopsies'™'”. In our study, 11 patients
(12%) who were referred for DBE were found to have
diverticula. However, only 1 of 11 was detected on VCE.
The failure of VCE to diagnose small bowel diverticula
has been noted previously. In 2008, Hussain ez al"” re-
ported finding multiple diverticula in a patient undergo-
ing DBE, which was not detected by VCE. In 2009, Fu-
kumoto ¢z al" reported finding an ileal diverticulum on
DBE that was missed by VCE. Marmo ¢ a/"” reported
two missed jejunal diverticula that were later seen on sub-
sequent DBE. Similarly, Arakawa ez al™ reported 2 cases
of diverticulosis of the small bowel that were missed
at previous VCE. In this larger series, the sensitivity of
VCE for detecting diverticula was only 9%, confirming
that VCE cannot be relied upon to make this diagnosis.

The diagnostic yield for angioectasia at DBE was
significantly higher than VCE (35% #s 25%). Differences
in angioectasia detection by VCE and DBE have been
reported. Some studies found a higher detection rate at
VCE while others found a higher rate at DBE. Fukumoto
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Table 3 Test characteristics of video capsule endoscopy using double balloon enteroscopy as the Criterion Standard

Lesions VCE+/DBE+ VCE+/DBE+ VCE+/DBE+ VCE+/DBE+ Sensitivity of VCE Specificity of VCE PPV NPV
Angioectasia 18 4 13 54 58% 93% 82% 81%
Diverticula 1 0 10 78 9% 100% 100% 89%
Mass 2 0 0 87 100% 100% 100% 100%
Polyps 11 9 7 62 61% 87% 55% 90%
Ulcers/ erosions 6 9 6 68 50% 88% 40% 92%

VCE: Video capsule endoscopy; DBE: Double balloon enteroscopy; PPV: Positive predictive value; NPV: Negative predictive value.
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Figure 2 Sensitivity and specificity of video capsule endoscopy.

et al" described 2 patients that had angioectasia at VCE
that were missed at subsequent DBE. Similarly, Ara-
kawa reported 3 cases with missed angioectasia at DBE.
Both studies attributed the missed lesions to incomplete
DBE"*", Angioectasia detected at DBE but not at VCE
has also been described. Arakawa and Marmo each re-
ported 2 VCE-negative DBE-positive cases' . None
of these studies, however, assessed the test character-
istics of VCE using DBE as the criterion standard. In
our study, we found that VCE is highly specific but only
moderately sensitive for detecting angioectasia (93% and
58% respectively). Since DBE detects a greater number
of angioectasia, a negative capsule should not be viewed
as conclusive. However, since not all red spots identified
at DBE are true angioectasia, the clinical significance of
the detection rate differences between VCE and DBE
remains uncertain.

The diagnostic yield for polyp detection at VCE and
DBE was statistically equivalent (22% and 20% respec-
tively). However, using DBE as the criterion standard, the
actual sensitivity of VCE was only 61% and the specific-
ity was 87%. The low sensitivity implies that a significant
number of lesions were missed at VCE. Alternatively
some lesions thought to be polyps at VCE that were not
confirmed at DBE may have been due to over interpreta-
tion of bulges and folds at VCE. The limitation of DBE
however, was a lack of complete enteroscopy in all pa-
tients. Our approach of VCE directed deep enteroscopy
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Figure 3 Positive and negative predictive value of capsule. PPV: Positive
predictive value; NPV: Negative predictive value.

is consistent with standard practicem. Nevertheless, these
findings illustrate the limitation of relying on diagnostic
yield as an overall measure of test accuracy. The same
findings holds true for ulcers and erosions.

The limitations of our study include its retrospective
design, interobserver vatiability in community based VCE
interpretation™
oscopy rather than attempting complete enteroscopy in
all patients and the likelihood of false positive and false
negative results at DBE. Correlation of VCE findings
with pre-procedure preparation was not assessed since
the effect of preparation on diagnostic yield remains con-
troversial"'7. Despite these limitations, we believe this
data is significant and reflects the actual clinical practice
of referring patients to specialized centers for deep en-
teroscopy based on the findings of community read VCE
studies. Thus, the test characteristics described in this
study may be unique to patients undergoing community
based VCE followed by expert DBE and may not reflect
the test characteristics of VCE in patients undergoing
both studies at a tertiary care referral center. However,
our study is reflective of real world practice and adds
to our understanding of the benefits and limitations of
these modalities.

In summary, our results suggest that comparing the
diagnostic yield of VCE and DBE as a measure of test
accuracy is misleading, By assessing the test characteris-

| reliance on capsule directed deep enter-
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tics of VCE utilizing deep enteroscopy as the criterion
standard, we have demonstrated that VCE is moderately
sensitive and specific in the diagnosis of patients with
small bowel disease. VCE cannot, however, be relied
upon to rule out small bowel diverticula. Furthermore,

based on our findings, the currently accepted algorithm
for the evaluation of patients with obscure bleedingml

which currently recommends observation alone in pa-
tients with a negative VCE should be reconsidered.

COMMENTS

Background

Studies comparing video capsule endoscopy (VCE) and deep enteroscopy
have shown equivalent diagnostic yields. Although both procedures yield similar
numbers of abnormalities, the accuracy of VCE by lesion type utilizing double
balloon enteroscopy (DBE) as the criterion standard has not been well defined.

Research frontiers

The aim of this study is to determine the test characteristics of community
based VCE in patients undergoing subsequent DBE and define the accuracy of
V/CE by individual lesion type.

Innovations and breakthroughs

The results of this study show that the detection rates for DBE and VCE were
equivalent overall (66% vs 64%). However, detection rates were not equivalent
when comparing individual lesions. DBE had a significantly greater detection
rate for AVM's (35% vs 25%, P = 0.03) and diverticulosis (12% vs 1%, P = 0.002).
The sensitivity and specificity of VCE varies by lesion type.

Applications

VCE and DBE are complimentary procedures. In the community setting, VCE
is typically performed initially in patients with obscure gastrointestinal bleed-
ing and will help guide subsequent DBE. However, VCE has a low sensitivity
for certain lesions, especially small bowel diverticula. Therefore, patients with
negative VCE and obscure bleeding should undergo subsequent deep enteros-
copy.

Terminology

Diagnostic yield refers to the number of positive findings in each exam.

Peer review

The manuscript is very valuable presenting a comparison of VCE with DBE in
real life setting. Although the review is retrospective it offers a lot of new infor-
mation mostly for the daily endoscopy practice.
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Abstract

AIM: To evaluate variables associated with failure of
gastroenterologist directed moderate sedation (GDS)
during endoscopic retrograde cholangiopancreatogra-
phy (ERCP) and derive a predictive model for use of
anesthesiologist directed sedation (ADS) in selected
patients.

METHODS: With institutional review board approval,
we retrospectively analyzed consecutive records of all
patients who underwent ERCPs between July 1, 2009 to
October 1, 2011 to identify patient related and proce-
dure related factors which could predict failure of GDS.
For patient related factors, we abstracted and analyzed
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data regarding the age, gender, ethnicity, alcohol and
illicit drug use habits. For procedure related factors,
we abstracted data regarding initial or repeat proce-
dures, indication for performing ERCP, the interven-
tions performed during ERCP, and the grade d difficulty
of cannulation as defined in the American Society for
Gastrointestinal Endoscopy guidelines. Our outcome of
interest was procedural success. If the procedure was
not successful, the reasons for failure of procedures
were recorded along with immediate post procedure
complications. Multivariate analysis was then performed
to define factors associated with failure of GDS and a
model constructed to predict requirement of ADS.

RESULTS: Fourteen percent of patients undergoing
GDS could not complete the procedure due to intoler-
ance and 2% due to cardiovascular complications. Sub-
stance abuse, male gender, black race and alcohol use
were significant predictors of failure of GDS on univari-
ate analysis and substance abuse and higher grade of
procedure remained significant on multivariate analysis.
Using our predictive model where the presence of sub-
stance abuse was given 1 point and planned grade of
intervention was scored from 1-3, only 12% patients
with a score of 1 would require ADS due to failure of
GDS, compared to 50% with a score of 3 or higher.

CONCLUSION: We conclude that ERCP under GDS is
safe and effective for low grade procedures, and ADS
should be judiciously reserved for procedures which
have a higher risk of failure with moderate sedation.

© 2013 Baishideng. All rights reserved.
Key words: Cholangiopancreatography; Endoscopic ret-

rograde/methods; Conscious sedation/utilization; Deep
sedation/utilization; Adult; Endoscopy
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INTRODUCTION

Endoscopic procedures have routinely been performed
under moderate sedation administered by the gastroen-
terologist in the United States'". In recent years there has
been an increasing trend towards using deep sedation
or general anesthesia provided by a trained anesthesia
professional. Given the high volume of endoscopic pro-
cedures and the high volume performed under anesthesia
guidance, the spending on such procedures is estimated
to increase into the billions of dollars over the next few
yearsm. Endoscopic retrograde cholangiopancreatography
(ERCP) is considered an advanced endoscopic procedure
which has evolved from a diagnostic procedure to a pre-
dominantly therapeutic one of increasing duration and
complexity. No guidelines specifically recommend the use
of deep sedation or general anesthesia for ERCPs though
the American Society of Gastrointestinal Endoscopy
(ASGE) suggests considering deep sedation for increas-
ing length or complexity of procedure!’. Over the years,
the spectrum of interventions performed during ERCPs
have also increased tremendously, requiring various soci-
eties to grade the ERCP procedure into different grade
s of complexity (Grade 1-3 by ASGE)". The more chal-
lenging and higher grade of ERCPs are now performed
at tertiary centers by dedicated advanced endoscopists,
while lower grade interventions are routinely performed
in various community hospitals and practices.

Increasingly, high volume centers are now routinely
performing ERCPs with anesthesiologist directed seda-
tion (ADS) while moderate to low volume centers usu-
ally perform ERCPs under gastroenterologist directed
moderate sedation (GDS). Anesthesia support is usually
sought if prior attempts with GDS have failed.

In this era of increasing health care costs and re-
source limitations, it is important to establish the role of
ADS in ERCP.

The objective of our study was to evaluate variables
associated with failure of moderate sedation administered
by gastroenterologists (GDS) during ERCP and derive a
predictive model for use of ADS in selected patients.

MATERIALS AND METHODS

The study was approved by the local institutional review
board of our hospital. We retrospectively analyzed con-
secutive records of all patients who underwent ERCPs
between July 1, 2009 to October 1, 2011 to identify pa-
tient related and procedure related factors which could
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Table 1 Endoscopic retrograde cholangiopancreatography-

degree of difficulty

Grade Diagnostic Therapeutic

Grade 1: Deep cannulation, Biliary sphincterotomy, stones

standard diagnostic sampling <10 mm, stents for leaks and
low tumors.

Grade 2: Billroth II diagnostics, Stones > 10 mm, hilar tumor

advanced minor papilla cannulation stent placement, benign biliary
strictures
Billroth II therapeutics,
en Y, intraductal endoscopy intrahepatic stones, pancreatic
therapies

Grade 3: Manometry, Whipple, Roux
tertiary

The date was quoted by the reference of 3.

predict failure of GDS. The type of sedation use was
documented as GDS which is administered with an
opioid (meperidine or fentanyl) and a benzodiazepine
(midazolam); or ADS which was administered as moni-
tored anesthesia care with propofol or general anesthesia
requiring intubation. If the ADS was administered after
failure of GDS, it was abstracted as secondary ADS and
if it was administered because the patient did not meet
our institution’s criteria for administration of GDS it was
abstracted as elective or primary ADS. The exclusion
criteria for administering GDS in our institution include
patients who are American Society of Anesthesiologists
(ASA) Grade 3 or more, history of anesthesia or seda-
tion complication/difficulty, history of difficulty with
tracheal intubation, compromised airway, morbid obesity,
hemodynamic instability and pregnant patients. For pa-
tient related factors, we abstracted and analyzed data re-
garding the age, gender, ethnicity, alcohol and illicit drug
use habits. For procedure related factors, we abstracted
data regarding initial or repeat procedures, indication for
performing ERCP, the interventions performed during
ERCP, and the one word-graded difficulty of procedure
as defined in the ASGE guidelines Table 17,

Outcome measures

Our outcome of interest was procedural success. A pro-
cedure was deemed successful if deep cannulation had
been obtained and the objective of the procedure accom-
plished. If the procedure was not successful, the reasons
for failure of procedures were recorded along with im-
mediate post procedure complications. In order to limit
selection bias in patients who elected for primary ADS,
we compared the cannulation rates of patients receiving
primary ADS to the rest of the patients.

Statistical analysis

The results were expressed as mean plus or minus
standard deviation and range. Univariate analysis was
performed using logistic regression. To evaluate the as-
sociation between related factors and intolerance to
sedation, multivariable models were constructed that
included terms to adjust for age, race, gender, alcohol
and substance use and included in the final model if they
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Table 2 Patient demographics

Demographic n (%)
Gender

Males 234 (48)
Females 252 (52)
Race

Hispanic 189 (39)
Non hispanic black 179 (37)
White 91 (19)
Asian 20 (4)
Unspecified 7 (1.5)
Alcohol use 225 (46)
Other illicit substance use 79 (16)

significantly contributed to the outcome variable (P <
0.05). From these multivatiable models, odds ratios were
estimated using the logistic regression. All data was ana-
lyzed using STATA version 10.1 (College Station, TX).

RESULTS

Five hundred ninety-one ERCP procedures done in 392
patients were reviewed. One hundred and five of 591
procedures (18%) were performed electively with primary
ADS and were excluded. Four hundred eighty-six proce-
dures were included for our analysis. One hundred thirty-
nine patients had more than 1 procedure during the study
period. Patient demographics are presented in Table 2.
Substance abuse was documented in 14% patients (24%
of men, 4% of women).The mean dose of medications
administered were 5.9 milligrams of midazolam, and 115
micrograms of fentanyl or 100 milligrams of meperidine.
Most common indication for performing ERCP was cho-
ledocholithiasis (40%) followed by strictures (26%). The
majority of procedures were Grade 1, with one fifth of
the procedures Grade 2 or 3. The cannulation rates were
similar in the patients with primary ADS (91%) to the
rest of the patients (92%). Reasons for failure with GDS
are presented in Table 3.

In our univariate analysis, substance abuse, male gen-
der, black race and alcohol use were significant predictors
of failure of GDS. However, after adjusting for sub-
stance abuse, these variables were no longer significant
predictors. Hispanic race was a significant predictor for
success of GDS after adjusting for substance abuse (Table
4) although most of the procedures were grade 1 proce-
dures. ERCPs for strictures and pancreatic interventions
were the most likely procedures to convert to ADS (Table
5). On multivariate analysis, substance abuse and higher
grade of intervention remained the most significant pre-
dictors of need for monitored/general anesthesia (Table
6). A predictive model for requirement of monitored
anesthesia for ERCP was derived. Presence of substance
abuse was given 1 point and planned grade of interven-
tion was scored from 1-3 as according to the grade of the
procedure. Using this model, 12% of procedures with a
score of 1, 25% with score of 2 and 50% with score of 3
or higher required monitored anesthesia.
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Table 3 Causes of endoscopic retrograde cholangiopancreatog-

raphy failure with gastroenterologist directed sedation 7 (%)

Cause
Total number of patients undergoing GDS 486
Patient intolerance 68 (14)
Cardiopulmonary complications 10 (2)
Hypertension 6(1.2)
Hypoxia, hypotension, bradycardia or tachycardia 4(0.8)
Failure to cannulate 40 (8)
Food/contrast in lumen 8 (1.6)
Roux en Y anatomy 2(0.4)
Esophageal bleeding on entry 1(0.2)

GDS: Gastroenterologist directed sedation.

DISCUSSION

Based on our analysis, most patients at moderate vol-
ume ERCP centers do not require anesthesia service use
for ERCPs. Our results indicate that less than 20% of
patients failed moderate sedation provided as GDS. On
multivariate analysis, the most important predictors of
failure of gastroenterologist directed moderate sedation
included substance abuse and the grade of the procedure.
Using our predictive model where the presence of sub-
stance abuse was given 1 point and planned grade of in-
tervention was scored from 1-3 as according to the grade
of the procedure, less than one in eight procedures with a
score of 1 would require monitored anesthesia compared
to half of patients with a score of 3 or higher.

To our knowledge, this is the first study that has at-
tempted to define factors predicting the failure of GDS
for ERCPs. Our study population is unique in that most
of our low risk patients undergo GDS for ERCPs. Since
anesthesia resources are limited, only those patients who
meet strict criteria for monitored anesthesia based on
their ASA scores or other co-morbidities are scheduled
for elective anesthesia service use.

Most of the previously published studies evaluating
the use of anesthesia in ERCP conclude that ERCPs with
gastroenterologist directed sedation have similar cannula-
tion and complication rates to those with ADS™. How-
ever none of these studies was designed to specifically
study the factors predicting the failure of GDS.

In some studies, ADS has been associated with higher
physician satisfaction and slightly higher completion
rates””. These studies have been uncontrolled or limited
by lack of blinding. Furthermore, routine anesthesia
service use for ERCP has other limitations. Aside from
increasing the cost of the procedure, it may also increase
the peri-procedure time. Additionally, it may make the
procedure more difficult to schedule if anesthesia sup-
port outside the operating rooms is not readily available.

Our study may have several limitations. First, as a ret-
rospective study, we cannot be certain that are results are
confirmed from chance alone (verification bias). Care was
taken to a priori assess only the variable thought to be
directly related to success of GDS. Further prospective
studies are needed to determine if these two variables
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Table 4 Patient variables predicting failure with gastroenterologist directed sedation for endoscopic retrograde cholangiopancreatog

raphies

Patient variables MS MS failure P value Patient variables' MS MS failure P value
Substance abuse 31 13 0.003

Male 131 25 0.01 Male' 104 14 0.09
Female 157 12 Female' 153 10

Race Race'

AA 79 22 0.001 AA 61 10 0.06
White 42 6 0.8 White 38 6 0.2
Hispanic 142 8 0.001 Hispanic 134 7 0.04
Asian 3 1 0.5 Asian 15 1 0.7
> 65 yr 37 2 0.15 > 65 yr' 33 1 0.16
< 65yr 251 35 <65yr' 224 23

Alcohol use 113 21 0.04 Alcohol use' 87 11 0.24
No alcohol use 175 16 No alcohol use' 170 13
Bilirubin-elevated 252 44 0.03 Bilirubin-elevated' 222 34 0.45
Bilirubin-normal 146 43 Bilirubin-normal" 126 24

!Adjusted for substance abuse. MS: Moderate sedation.

Table 5 Odds ratios for failure with gastroenterologist di-

rected sedation by indication of the procedure

Table 6 Multivariate analysis of predictors of failure with
gastroenterologist directed sedation

Variable B coefficient P value OR (95%Cl)
Grade of procedure (1-3)" 0.75 0.002 2.1(1.3,3.4)
Substance abuse' 1.03 0.001  2.8(15,5)
Indication

Strictures 0.13 0.687 1(0.6,2.1)

Gallstone -0.18 0.563 .8 (0.5,1.5)
Alcohol use 0.33 0.267 1.4 (0.8,2.5)
Female gender -0.29 0.33 7(0.4,1.3)

'Significant variables in the multivariate model.

Indication n (%) OR Adjusted OR
(95%ClI) (95%Cl)’
Gallstones/ cholangitis 231 (38) 0.6(0.4,1.0) 0.7(04,1.3)
All strictures 125 (20) 1 5(09,24) 1.6(09,2.9)
Benign strictures 53(9) 22(1.2,42) 27(1.2,57)
Suspected malignancy 72 (12) .9(0.5,1.8) 0.9(0.4,2.0)
Abn LFTs 36(6) 0.6(0.2,1.6) 0.5(0.12 23)
Pancreatic 11 (2) 2 7(0.8,9.4) 3.7(0.9,16)
Other 7(1) 1.8(04,9.7) 25(05,12.9)
Post cholecystectomy stone/leak 24 (4) 0.4 (0.1,1.7) 0.3 (0.0,2.0)
Exchange/incomplete 51(8) 21(1.1,4.00 0.9(03,2.5)
485

!Adjusted to substance abuse. OR: Odds ratio.

(substance use and procedure grade) can determine the
likelihood of GDS success. Second, while the procedures
were deemed successful, we did not identify delayed
complications which may have occurred after the patient
left the endoscopy unit. Third, our ERCPs are initially at-
tempted by gastroenterology trainees and only later taken
over by the supervising physician. This may increase the
procedure time and lead to patient intolerance especially
in patients under gastroenterologist directed moderate
sedation. High dose of benzodiazepines and opioids may
convert moderate sedation to deep sedation, which has
been demonstrated in previous studies that advocated the
use of capnography during sedation”. While we did not
use capnography to gauge the respiratory depression, our
mean doses of sedating agents used was 6 mg of mid-
azolam and 115 mg of fentanyl suggesting a reasonably
conservative approach with medication administration.

Recent data suggests an increased utilization of an-
esthesia services for low risk endoscopic significantly
increases the cost of the procedures and may potentially
affect the cost effectiveness of procedures like screening
colonoscopies”

Although, no cost benefit analysis have been done for
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use of anesthetist administered sedation or anesthesia for
ERCPs, our study suggests that most of the ERCPs can
be safely performed and completed under gastroenter-
ologist directed sedation.

We conclude that ERCP under GDS is safe and effec-
tive for low grade procedures, and anesthesia service use
should be judiciously reserved for procedures which have
a higher risk of failure with moderate sedation.

COMMENTS

Background

In recent years there has been an increasing trend towards utilizing anesthesi-
ologist directed sedation (ADS) in patients undergoing endoscopic procedures.
Factors predicting failure of gastroenterologist directed moderate sedation
(GDS) during endoscopic retrograde cholangiopancreatography (ERCP) have
not been well studied.

Research frontiers

Evaluate variables associated with failure of GDS during ERCP and derive a
predictive model for use of ADS in selected patients.

Innovations and breakthroughs

Gastroenterologist directed sedation is safe and effective for low grade ERCP
procedures. Higher grade ERCPs and/or those performed in patients with sub-
stance abuse have a higher risk of failure with moderate sedation and therefore
anesthesiologist directed deep sedation should be considered for these proce-
dures. A predictive model for requirement of monitored anesthesia for ERCP
was derived. Presence of substance abuse was given 1 point and planned
grade of intervention was scored from 1-3 as according to the grade of the pro-

April 16,2013 | Volume 5 | Issue 4 |



Chawla S et a/. Predictors of success for ERCP under moderate sedation

cedure. Using this model, 12% of procedures with a score of 1, 25% with score
of 2 and 50% with score of 3 or higher required monitored anesthesia.

Applications

Based on the analysis, most patients at moderate volume ERCP centers do not
require anesthesia service use for ERCPs. The results indicate that less than
20% of patients failed moderate sedation provided as GDS. On multivariate
analysis, the most important predictors of failure of gastroenterologist directed
moderate sedation included substance abuse and the grade of the procedure.
Using the predictive model where the presence of substance abuse was given
1 point and planned grade of intervention was scored from 1-3 as according to
the grade of the procedure, less than one in eight procedures with a score of 1
would require monitored anesthesia compared to half of patients with a score of
3 or higher.

Terminology

The type of sedation use was documented as GDS which is administered with
an opioid (meperidine or fentanyl) and a benzodiazepine (midazolam); or ADS
which may be administered as general anesthesia or intravenous anesthesia
administered with propofol.

Peer review

With this study, the authors conclude that that ERCP under GDS is safe and
effective for low grade procedures, and anesthesia service use should be judi-
ciously reserved for procedures which have a higher risk of failure with moder-
ate sedation.

REFERENCES

1 Lichtenstein DR, Jagannath S, Baron TH, Anderson MA,
Banerjee S, Dominitz JA, Fanelli RD, Gan SI, Harrison ME,
Ikenberry SO, Shen B, Stewart L, Khan K, Vargo JJ. Sedation
and anesthesia in GI endoscopy. Gastrointest Endosc 2008; 68:
815-826 [PMID: 18984096 DOI: 10.1016/].gie.2008.09.029]

2 Liu H, Waxman DA, Main R, Mattke S. Utilization of anes-
thesia services during outpatient endoscopies and colonosco-
pies and associated spending in 2003-2009. JAMA 2012; 307:
1178-1184 [PMID: 22436958 DOI: 10.1001/jama.2012.270]

(49

.gu;ﬁ:m,@ WJGE | www.wjgnet.com

3

164

Baron TH, Petersen BT, Mergener K, Chak A, Cohen J, Deal
SE, Hoffinan B, Jacobson BC, Petrini JL, Safdi MA, Faigel DO,
Pike IM. Quality indicators for endoscopic retrograde chol-
angiopancreatography. Am | Gastroenterol 2006; 101: 892-897
[PMID: 16635233 DOI: 10.1111/j.1572-0241.2006.00675.x]
Mehta PP, Vargo JJ, Dumot JA, Parsi MA, Lopez R, Zuc-
caro G. Does anesthesiologist-directed sedation for ERCP
improve deep cannulation and complication rates? Dig
Dis Sci 2011; 56: 2185-2190 [PMID: 21274625 DOI: 10.1007/
s10620-011-1568-3]

Salminen P, Gronroos JM. Anesthesiologist assistance in en-
doscopic retrograde cholangiopancreatography procedures
in the elderly: is it worthwhile? | Laparoendosc Adv Surg
Tech A 2011; 21: 517-519 [PMID: 21524233 DOI: 10.1089/
lap.2010.0527]

Raymondos K, Panning B, Bachem I, Manns MP, Piepen-
brock S, Meier PN. Evaluation of endoscopic retrograde
cholangiopancreatography under conscious sedation and
general anesthesia. Endoscopy 2002; 34: 721-726 [PMID:
12195330 DOI: 10.1055/s-2002-33567]

Berzin TM, Sanaka S, Barnett SR, Sundar E, Sepe PS,
Jakubowski M, Pleskow DK, Chuttani R, Sawhney MS. A
prospective assessment of sedation-related adverse events
and patient and endoscopist satisfaction in ERCP with anes-
thesiologist-administered sedation. Gastrointest Endosc 2011;
73: 710-717 [PMID: 21316669 DOI: 10.1016/j.gie.2010.12.011]
Lordan JT, Woods ], Keeling P, Paterson IM. A retrospective
analysis of benzodiazepine sedation vs. propofol anaesthesia
in 252 patients undergoing endoscopic retrograde cholan-
giopancreatography. HPB (Oxford) 2011; 13: 174-177 [PMID:
21309934 DOI: 10.1111/j.1477-2574.2010.00266.x]

Qadeer MA, Vargo JJ, Dumot JA, Lopez R, Trolli PA, Stevens
T, Parsi MA, Sanaka MR, Zuccaro G. Capnographic monitor-
ing of respiratory activity improves safety of sedation for
endoscopic cholangiopancreatography and ultrasonography.
Gastroenterology 2009; 136: 1568-1576; quiz 1568-1576 [PMID:
19422079]

P- Reviewer Wehrmann T  S- Editor Song XX L- Editor A
E- Editor Zhang DN

April 16,2013 | Volume 5 | Issue 4 |



wdJ ¢

World Journal of
Gastrointestinal Endoscopy

Online Submissions: http:/ /www.wjgnet.com/esps/
wjge@wjgnet.com
doi:10.4253 / wjge.v5.i4.165

World | Gastrointest Endosc 2013 April 16; 5(4): 165-168
ISSN 1948-5190 (online)
© 2013 Baishideng. All rights reserved.

BRIEF ARTICLE

Polyethylene glycol 3350 based colon cleaning protocol: 2 d
vs 4 d head to head comparison

Rotem Elitsur, Lisa Butcher, Lund Vicki, Yoram Elitsur

Rotem Elitsur, Lisa Butcher, Lund Vicki, Yoram Elitsur, De-
partment of Pediatrics, Section of Gastroenterology, Marshall
University School of Medicine, Huntington, WV 25701,

United States

Author contributions: Elitsur R, Butcher L, Vicki L and Elitsur
Y contributed equally to the paper.

Correspondence to: Yoram Elitsur, MD, Professor in Pediat-
rics, Department of Pediatrics, Section of Gastroenterology, Mar-
shall University School of Medicine, 1600 Medical Center Drive,
Huntington, WV 25701, United States. elitsur@marshall.edu
Telephone: +1-304-6911300 Fax: +1-304-6911375

Received: October 9,2012 Revised: October 26, 2012
Accepted: January 5, 2013

Published online: April 16,2013

Abstract

AIM: To compare between 2 and 4 d colon cleansing
protocols.

METHODS: Children who were scheduled for colo-
noscopy procedure (2010-2012) for various medical
reasons, were recruited from the pediatric gastroenter-
ology clinic at Marshall University School of Medicine,
Huntington, WV. Exclusion criteria were patients who
were allergic to the medication used in the protocols
[polyethylene glycol (PEG) 3350, Bisacodyl], or chil-
dren with metabolic or renal diseases. Two PEG 3350
protocols for 4 d (A) and 2 d (B) were prescribed as
previously described. A questionnaire describing the
volume of PEG consumed, clinical data, and side effects
were recorded. Colon preparation was graded by two
observers according to previously described method.
Main outcome measurements: Rate of adequate colon
preparation.

RESULTS: A total of 78 patients were considered for
final calculation (group A: 40, group B: 38). Age and
stool consistency at the last day was comparable in
both groups, but the number of stools/day was signifi-
cantly higher in group B (P = 0.001). Adequate colon
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preparation was reached in 57.5% (A) and 73.6% (B),
respectively (P = 0.206). Side effects were minimal and
comparable in both groups. There was no difference
in children’s age, stool characteristics, or side effects
between the children with adequate or inadequate co-
lon preparation. Correlation and agreement between
observers was excellent (Pearson correlation = 0.972,
kappa = 1.0).

CONCLUSION: No difference between protocols was
observed, but the 2 d protocol was superior for its
shorter time. Direct comparison between different co-
lon cleansing protocols is crucial in order to establish
the “gold standard” protocol for children.

© 2013 Baishideng. All rights reserved.

Key words: Colonoscopy; Polyethylene glycol 3350;
Cleansing protocol; Children
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INTRODUCTION

Colon cleansing protocols have been one of the limiting
factors in preparing children for diagnostic colonoscopy
procedures needed for various medical reasons. Due to
bad palatability and the quantity needed, the commonly
used liquids in adult patients are not accepted by children
and compliance is unacceptablelmj. In the last decade,
polyethylene glycol (PEG) 3350 has been introduced to
children and was found to be palatable and acceptable by
children for the treatment of various medical conditions,
mainly constipation. Several studies have shown that chil-
dren will accept this PEG based solution and the compli-
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ance rate was very good even for long term therapy[m.

In the past, we showed that PEG 3350 is an excellent
solution for colon cleansing protocol in children reaching
adequate colon preparation in up to 92% of the children
examined™. Moreover, we reported that following the
number of defecation and stool consistency in the last
days of preparation may be used as indicators for the
colon condition, and would reduce the number of failed
procedures due to an unprepared colon. In recent years a
similar PEG 3350 based protocol was reported that sug-
gested similar results with a shorter preparation®”. In that
protocol, a higher dose of PEG 3350 with daily dose of
5 mg Bisacodyl resulted in an excellent colon condition
for colonoscopy reaching up to 92%".

An unprepared colon in adults is considered one of
the limiting factors for achieving an adequate rate of

polyp detection during colonoscopy procedures"*'". Tn
children, the rate of the unprepared colon during colo-
12-15]

noscopy is high and was reported between 5%-30%""",
The different colon cleansing protocols used by different
centers was never standardized and the “optimal” proto-
col has never been established. We believe that a head to
head comparison between protocols in children is needed
in order to standardize clinical practice and to find the
best available protocol. Such protocol would limit the rate
of the unprepared colon and established the gold stan-
dard protocol for colonoscopy procedures in children.

In the present study, in a head to head analysis, we
prospectively compare two different PEG 3350 based
protocols in order to establish the better cleansing proto-
col in children.

MATERIALS AND METHODS

Children who wete scheduled for colonoscopy procedure
(2010-2012) for various medical reasons, were recruited
from the pediatric gastroenterology clinic at Marshall
University School of Medicine, Huntington, WV. Exclu-
sion criteria were patients who were allergic to the medi-
cation used in the protocols (PEG 3350, Bisacodyl), ot
children with metabolic or renal diseases. One of the two
different colon protocols was presctibed to the participat-
ing patients. A computer generated random list assigned
the children to each protocol. The parents/caregivers (or
child when appropriate) were asked to complete a clini-
cal questionnaire during the colon preparation as previ-
ously described". Briefly, the questionnaire included the
amount of PEG 3350 consumed per day, number of
stools per day, consistency of stool (scale: 1-5), and vati-
ous side effects (abdominal pain, vomiting). Informed
consent was obtained from all participants and the study
was approved by the IRB Committee at Marshall Univer-
sity School of Medicine, Huntington, WV.

Colon cleansing protocols

Two PEG 3350 protocols for 4 and 2 d were prescribed
as previously described™. The 4 dy protocol (protocol
A) included PEG 3350 at 1.5 g/kg per day (up to a limit
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of 100 g/d) for 4 d. Patents were allowed to eat regular
food until the day before procedure and clears only at the
last day of protocol. The 2 d protocol (protocol B) in-
cluded PEG 3350 at 2 g/kg pet day (up to a limit of 136
g/d) plus 5 mg/d Bisacodyl for 2 d. Patients were allowed
to eat regular food on day 1 and clears on day 2. No ad-
junct medication or enema was allowed in any of the pro-
tocols. The parents/caregivers were required to complete
a simple questionnaire as previously described™. The
questionnaires were returned to the physicians on the day
of procedure and reviewed with the parents to ensure
compliance and accuracy. Patients who did not follow the
protocol for various reasons including: inadequate PEG
3350 dose, missed clinical data on the questionnaire, or
other protocol violations, were excluded from the final
calculation.

Colon preparation assessment

Colonoscopy procedure was performed under propofol
sedation given by certified anesthesiologists. The colon
was assessed according to previous methodology as pre-
viously described™. Briefly, the colon preparation was
graded according to 5 different levels (Grade 1 to 5) as
follows: G1: unacceptable (large amount of solid stool
covering the mucosa); G2: poor preparation (enough
stool that much of intra-procedural cleaning was re-
quired); G3: fair preparation (some liquid stool, easily
removed); G4: good preparation (successful visualization
of the colon mucosa); G5: Excellent preparation (Crys-
tal clear colonic mucosa). For the current study, colon
preparation at grade = 4 was considered as adequate co-
lon preparation. The investigators were allowed to incor-
porate 0.5 grade per their discretion. Grading of colon
preparation was performed within 5-10 min of procedure
completion. To reduce bias, the grading was performed
simultaneously and separately by the endoscopist (Elitsur
Y), and the assisting endoscopy nurse who participate in
the procedure (Butcher L). The grading was documented
on a separate page where both persons were blinded to
the documentation of the other. Once documentation
was done, both grades became final and no change of
grading was allowed. A correlation between physician’s
grade and the nurse’s grade was calculated.

Statistical analysis

Comparison between the two protocols was performed
using two-tailed ;(2 analysis, and nonparametric analysis
(Wilcoxon Signed Rank Test) using the IBM-SSPS sta-
tistics 19 program. Correlation analysis was performed
using Pearson correlation. Significant analysis was set at P
value < 0.05.

RESULTS

A total of 93 children enrolled (period 2010-2012), of
whom 48 were assigned to protocol A and 45 to protocol
B. A total of 15 patients were not included in the study
due to a protocol violation, 8 in protocol A and 7 in pro-
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Table 1 Clinical data

Protocol 4d 2d P value'
No patients 40 38

Age (yr, mean + SD) 10.10£4.6 99147 0.792
Male/female ration 1.0:1.0 0.8:1.0 0.811*
No stools/d (mean + SD)’ 515+2.6 7.88+4.1 0.001
Consistency (mean + SD) 5.65£0.8 54909 0.904
Colon grade (mean + SD) 3.50+1.1 4.01+1.0 0.140
Colon grade (> 4)° 23 (57.5%) 28 (73.6%) 0.206*

'P value: wilcoxon signed rank test; *At the last day of protocol; *Grade =
4 considered adequate preparation; ‘P value: y*analysis.

tocol B. The major clinical diagnoses were gastrointestinal
bleeding of unknown origin, and follow up colonoscopy
in inflammatory bowel disease patients. Overall, a total
of 78 patients were considered for final calculation, 40
in protocol A and 38 in protocol B. In both protocols,
the number of stools per day increased from the first day
to the last day of protocol (data not shown). The age,
male/female ratio, and stool consistency at the last day
in either protocol was comparable for both groups, but
the number of stools per day was significantly higher in
group B compared to group A (Table 1). Adequate colon
preparation (defined as grade = 4) was reach in 57.5%
and 73.6% of children from protocol A and protocol
B, respectively (P = 0.2006, Table 1). Side effects were
minimal and comparable in both groups (abdominal
pain: 26%-32%, vomiting: 2%). None of the children
discontinued his protocol due to side effects. The cecum
was successfully reached in 76 (98%) children, and when
attempted, the terminal ileum was visualized in 68 (87%0)
children (32 children in protocol A and 36 children in
protocol B). There was no difference in children’s age,
stool frequency, stool consistency, or side effect between
the children who had adequate colon preparation (grade
> 4.0) and those with inadequate colons (grade < 4.0)
(data not shown). The correlation and agreement be-
tween colonoscopy grading between physician and the
endoscopy nurse for both groups was excellent (P = 0.972,
kappa = 1.0).

DISCUSSION

Preparing the colon for colonoscopy procedure for chil-
dren has been a difficult task for many years, and vatious
colon cleansing protocols have been suggested and used.
In fact, there is no one pediatric protocol that has been
accepted as the “gold standard” and different medical
centers are using different protocols. In some centers,
the adult protocol is used for teenage children and young
adults. After we confirmed the excellent results with a
4 d PEG 3350 protocol, it became the preferred colon
cleansing protocol in our clinic™. In 2011, Phatak ¢ a/”
presented a similar PEG 3350 based colon preparation
protocol that was shorter. In the present study, we pres-
ent for the first time a true head to head comparison
between 2 different colon cleansing protocols in order to
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establish the better protocol for children. Results showed
that both protocols were comparable with regard to the
rate of adequate colon preparation, stool characteris-
tics, side effects, or patients’ compliance. The number
of stools per day at the last day of the shorter protocol
(protocol B) was significantly higher compared to pro-
tocol A (P = 0.001), but no difference in the colon grad-
ing was noted between the groups. In fact, the adequate
colon preparation, as defined in our study (grade = 4),
was higher in protocol B but did not reach a statistical
significance (57.5% vs 73.6%, P = 0.206). We believe that
the addition of a stimulant laxative (Bisacodyl), and the
higher dose of PEG 3350 prescribed in protocol B (1.5
g/kg vs 2.0 g/kg) were the teasons for those results. We
suggest that the 2 d protocol is at least as good as the 4 d
protocols while having the advantage of being a shorter
protocol.

We acknowledge the few differences existed in our
study. (1) When compared with previous reports, our
study showed a lower rate of adequate colons in both
groups (57.5% and 73.6% for protocols A and B, re-
spectively). In the present study we followed a stricter
definition for adequate colon preparation (grade = 4.0)
that may reduce the rate of success in our population.
When the definition of adequate preparation dropped to
grade = 3.5, our success rate increased to 63% and 79%,
respectively (P = 0.17). Similarly, when a higher degree
of preparation (excellent preparation) was considered
in Phatak’s study", a comparable rate of adequate colon
was achieved between both studies; (2) Compared with
previous studym, a second observer (gastrointestinal
nurse), blinded to the grading of the first observer, was
utilized to grade the colons. The agreement between
both observers was excellent (Spearman correlation =
0.972, kappa = 1.0); and (3) The number of participants
in our study was lower than in previous studies, a fact
that could explained the lack of statistical significance
noted between the protocols™. We suggest that those
methodological differences may explain the lower rate of
adequate colon preparation reported in our study.

In conclusion, we prospectively compared two
PEG 3350 based cleansing protocol for children who
were scheduled for diagnostic colonoscopy. Our results
showed that both protocol were acceptable to children,
but the 2 d protocol is superior to the 4 d protocol at
least for its shorter course. Further comparison between
different cleansing protocols in children is needed in or-
der to establish the best protocol for colonoscopy proce-
dure in children.

COMMENTS

Background

Colon cleansing protocols have been the major obstacle in successful colonos-
copy in children. Of the polyethylene glycol (PEG) 3350 protocols published,
none has been recommended as the best protocol.

Research frontiers

In the last decade, PEG 3350 has been introduced to children and was found
to be palatable and acceptable by children for the treatment of various medical
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conditions, mainly constipation. Several studies have shown that children will
accept this PEG based solution and the compliance rate was very good even
for long term therapy.

Innovations and breakthroughs

In recent years a similar PEG 3350 based protocol was reported that suggested
similar results with a shorter preparation. In that protocol, a higher dose of PEG
3350 with daily dose of 5 mg Bisacodyl resulted in an excellent colon condition
for colonoscopy reaching up to 92%.

Applications

In the present study, in a head to head analysis, the authors prospectively com-
pare two different PEG 3350 based protocols in order to establish the better
cleansing protocol in children.

Peer review

The number of stools per day at the last day in each protocol, and the mean
colon grading was significantly higher in the shorter protocol (protocol B). This
is a randomized controlled trial and an interesting and important paper for colo-
noscopy procedures in children.
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Abstract

AIM: To summarize the magnitude and time trends of
endoscopy-related claims and to compare total mal-
practice indemnity according to specialty and proce-
dure.

METHODS: We obtained data from a comprehensive
database of closed claims from a trade association of
professional liability insurance carriers, representing
over 60% of practicing United States physicians. Total
payments by procedure and year were calculated, and
were adjusted for inflation (using the Consumer Price
Index) to 2008 dollars. Time series analysis was per-
formed to assess changes in the total value of claims
for each type of procedure over time.

RESULTS: There were 1901 endoscopy-related closed
claims against all providers from 1985 to 2008. The
specialties include: internal medicine (7 = 766), gastro-
enterology (7 = 562), general surgery (7 = 231), gen-
eral and family practice (7 = 101), colorectal surgery
(n = 87), other specialties (7 = 132), and unknown (n
= 22). Colonoscopy represented the highest frequen-
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cies of closed claims (7 = 788) and the highest total
indemnities ($54 093 000). In terms of mean claims
payment, endoscopic retrograde cholangiopancreatog-
raphy (ERCP) ranked the highest ($374 794) per claim.
Internists had the highest number of total claims (n
= 766) and total claim payment ($70 730 101). Only
total claim payments for colonoscopy and ERCP seem
to have increased over time. Indeed, there was an av-
erage increase of 15.5% per year for colonoscopy and
21.9% per year for ERCP after adjusting for inflation.

CONCLUSION: There appear to be differences in mal-
practice coverage costs among specialties and the type
of endoscopic procedure. There is also evidence for
secular trend in total claim payments, with colonoscopy
and ERCP costs rising yearly even after adjusting for
inflation.

© 2013 Baishideng. All rights reserved.

Key words: Complications; Endoscopy; Colonoscopy;
Endoscopic retrograde cholangiopancreatogram; Medi-
cal malpractice
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INTRODUCTION

Endoscopies are being performed at an increasing rate
for the last decade". Endoscopic procedures are also
becoming more complicated as interventional techniques

are used more widely. Despite increasing national aware-
ness of medical errors, and the high costs of associated
malpractice, there is a lack of data sources from which to
understand the incidence and trends of errors resulting
in major injuries during endoscopic procedures.
Traditionally, the main source of information on
endoscopy-related errors comes from institutional mor-
bidity and mortality conferences. However, this and other
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self-reporting methods are known to underestimate the
true incidence of cornplicationsm. In general and vascular
surgery, the National Surgical Quality Improvement Pro-
gram has become a platform for validated, risk-adjusted
outcome comparisons between institutions, however,
only a select minority of hospitals have implemented the
program, and similar registries have not been as widely
accepted in other interventional subspecialties.

Aligned with value-based purchasing by the Centers
for Medicare and Medicaid Setrvices, the American Col-
lege of Gastroenterology and the American Society of
Gastrointestinal Endoscopy have advocated for measur-
ing endoscopy quality indicators. As preventing errors is
linked to quality, endoscopists increasingly are recogniz-
ing the importance of understanding and benchmarking
endoscopic errors at a national level.

Claims in malpractice litigation offer an opportunity
to study major iatrogenic injuries. In a study by Studdert
et al”, trained reviewers examined 1500 closed claims of
alleged medical injuries from negligence and found that
97% of closed claims involved injury, of which 63% re-
sulted from error. In another study of surgical claims',
technical errors accounted for about half of the cases. A
study by Conklin e a/” focusing on gastroenterologists
showed that 25% of claims were due to improper pet-
formance of an endoscopic procedure, but further infor-
mation such as type of endoscopies were not described.
In addition, endoscopies in the United States are also
performed by non-gastroenterologists, and there have
been no studies to our knowledge that have looked into
malpractice information in this population.

Our aim is to provide a synopsis of the magnitude
and time trends of endoscopy-related claims and to com-
pare total malpractice indemnity according to specialty
and procedure.

MATERIALS AND METHODS

We obtained summary-level data from a comprehen-
sive database of closed claims against physicians who
are members of the Physicians Insurers Association of
America (PIAA), which is a trade association of profes-
sional liability companies owned by physicians, hospitals,
and other health care providers. PIAA, which has the
largest database of malpractice claims in the nation, in-
sures over 300 000 doctors and 1300 hospitals, represent-
ing over 60% of United States doctors and underwrites
46% or $5.2 billion of the total medical liability industry
premium. The closed claims represented data from all 50
states from January 1985 up to December 2008.

Due to confidentiality agreements with member com-
panies, the PIAA is unable to provide specific geographic
information. The de-identified data is therefore not
traceable to the provider. PIAA collects data based on
information provided by the member liability insurance
company which covered the physician. The professional
coder from the liability insurance company codes the
condition, care rendered, and outcome by complying with
PIAA guidelines. Inclusion criteria were all endoscopic
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procedures (esophagogastroduodenoscopy, EGD; colo-
noscopy, flexible sigmoidoscopy; rigid proctosigmoidos-
copy; endoscopic retrograde cholangiopancreatography,
ERCP; and percutaneous endoscopic gastrostomy, PEG)
that resulted in closed claims during the study petiod.
There was no identifiable code available for endoscopic
ultrasound at the time of the study.

Etiologies of claims were categorized by PIAA coders
according to a priori definition of errors. Improper per-
formance is defined as an endoscopic procedure that was
done incorrectly. An example is an ERCP with improper-
ly placed stent that led to a fatal complication. Diagnosis
error is resulted from failure to diagnose or providing an
incorrect diagnosis. Data on total and average payment to
plaintiffs for claims were provided according to specialty
but not to type of procedure.

A claim is a written demand for compensation for
medical injury within the statute of limitations of a ju-
risdiction. A claim can be closed in one of four possible
ways: (1) at the end of a trial by final judgment; (2) at any
point before the end of the trial when the case is settled
with a payment; (3) when the case is voluntarily dropped
by the plaintiff; or (4) if the defendant successfully files
a motion to dismiss the case when there is a valid legal
basis to do so. Thus, a claim may be closed with or with-
out indemnity payment, which is defined as the sum of
money paid in compensation for injury.

Statistical analysis

Total payments by procedure and year were calculated,
and were adjusted for inflation (using the consumer price
index) to 2008 dollars. We then focused on time series
analysis to see how the total value of claims for each type
of procedure changed over time. Two models were used:
a linear least-squares regression model, which will show
the average absolute growth in total claims (in adjusted
dollars) per year; and an exponential least-squares regres-
sion model, which will derive the average percent growth.
The ability of these models to describe the data is cap-
tured in the value of R’ A value of zero means that the
model has no explanatory power, while a value of one in-
dicates that the total claim value can be perfectly deduced
from the year.

RESULTS

There were 1901 endoscopy-related closed claims against
all providers from 1985 to 2008. The specialties include:
internal medicine (# = 760), gastroenterology (# = 562),
general surgery (7 = 231), general and family practice (#
= 101), colorectal surgery (7 = 87), other specialties (# =
132), and unknown (z = 22). Over 98% resulted in physi-
cal injury, which was generally severe (25.8% resulted in
deaths and 40.7% resulted in significant or major dis-
ability). Close to 70% of all cases were dropped by the
plaintiff or dismissed by the court before the trial was
concluded. An additional 5% of cases were won by the
defendant at trial.

Closed claims against gastroenterologists from 1985
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Table 1 Endoscopy claims against gastroenterologists (1985

to 2006) n (%)

Etiology of claims Frequency (n = 341)

Improper performance 175 (51.3)
Diagnosis error (failure, incorrect) 59 (17.3)
Meritless (no clear evidence) 35 (10.3)
Failure to supervise or monitor 17 (4.9)
Not indicated/contraindicated 14 (4.1)
Failure to recognize complication 12 (3.5)
Failure to communicate with patient 6(1.8)
Delay in performance 4(1.2)
Others 19 (5.6)

to 2006 that involve endoscopies are shown in Table 1.
The majority resulted from improper performance of an
endoscopic procedure, followed by diagnosis error. Right
and left-sided colon cancers were almost equally repre-
sented. Closed claims involving colon cancer according to
location were as follows: cecum (7 = 3), hepatic flexure (»
= 2), transverse colon (z = 2), rectosigmoid junction (# =
6), rectum (7 = 3), and unspecified location (# = 5).

Colonoscopy, followed by sigmoidoscopy (flexible
and rigid) represented the highest frequencies of closed
claims and the highest total indemnities (Table 2). In
terms of average cost per claim, ERCP ranked the high-
est.

Table 2 shows the average and total indemnity com-
paring the various specialties that perform endoscopies.
Internists had the highest number of total claims and
total claim payment. Figure 1 shows the total claim pay-
ments over time according to procedure. For procedures
such as EGD which sometimes have only one or two
closed claims per year, one very large payment can skew
these averages. Colonoscopy and ERCP have had many
more paid claims, and for these procedures there is a
clear increase in average claim payment. Indeed, there
appears to have been an average increase of 15.5% per
year for colonoscopy and 21.9% per year for ERCP after
adjusting for inflation.

In the time period covered, closed claims for PEG
procedures were recorded during only six of the years
studied, thus there was insufficient data for analysis. For
the other procedures, an exponential model fit the data
better than a linear model in three of the four cases.
Table 3 shows both the absolute and percentage increase
(in real dollars) of the average value of claims. Of note,
the total sigmoidoscopy claims have been declining on
average since 1985. The data from which these regression
figures were calculated is shown in Figure 1.

DISCUSSION

Our study shows that from the standpoint of insurers,
internists who perform endoscopies had the highest total
claim payment, costing over twice than gastroenterolo-

gists in terms of compensation for negligence. The larg-
est total indemnities resulted from colonoscopies and
sigmoidoscopies, but only colonoscopy and ERCP have
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Table 2 Endoscopy claims by specialty against all providers

according to procedure, ranked according to total claims
payment to plaintiffs (1985-2008) (» = 1901)

Procedure Closed Total paid Total claim  Mean claim
claims claims payments ($) payments ($)
Colonoscopy 788 216 54 093 000 250 430.56
Flexible sigmoidoscopy 513 182 28 674 000 157 549.45
ERCP 217 67 25207 000 376 223.88
Rigid proctoscopy 125 51 15 726 000 308 352.94
EGD 209 47 9 666 000 205 659.57
PEG 49 7 2598 000 371142.86
Internal medicine 766 - 70730 101 261 963
Gastroenterology 562 - 30 841 008 250 740
General surgery 231 - 13 305 060 187395
General/family practice 101 - 7 288 674 186 889
Colorectal surgery 87 - 6593 000 286 652
Other specialties 154 - 7206 157 163 776

ERCP: Endoscopic retrograde cholangiopancreatography; EGD: Esophago
gastroduodenoscopy; PEG: Percutaneous endoscopic gastrostomy.

been increasing over time. This could reflect the increas-
ing number of colonoscopies performed per year and the
increasing number of endoscopists who perform ERCPs.

The annual cost of the United States medical liability
system is estimated to be $55.6 billion®. According to
the United States Government Accountability Office,
the primary driver in medical liability insurance industry
economics is the rising average cost of indemnity, which
leads to rising premiums that has affected gastroenter-
ologists and non-gastroenterologists alike. Although the
specialty of gastroenterology has always been viewed as
low-risk for medical malpractice lawsuit, a recent seminal
studyl7J has shown that gastroenterology ranks six out of
25, before obstetrics and gynecology, in terms of propor-
tion of physicians facing malpractice claims.

Our data have several limitations. PIAA produces
summary data making us unable to cross-reference
variables and to assess inter-relationships between any
predictors. There is no information on individuals who
do not sue. However, these claims represent the most
significant injuries that merit attention. Also, no chart
validation studies were performed to confirm robust-
ness of findings. The denominator, or the total number
of physicians per specialty who perform endoscopies is
unknown, so our data reflect frequencies and not propor-
tions. Internists had higher cost per claim, but we do not
know if there is higher cost per insured internist because
the denominator is not available. It is possible that gas-
troenterologists were misclassified as internists, but sued
doctors self-classified themselves, of which the PTAA
coders used in data collecting, Thus, we believe a gastro-
enterologist would have no incentive to classify him or
herself as an internist.

There are also several factors other than legal merit
that determines whether claims are paid in litigation, such
as severity of injury. Thus, we realize that the legal defi-
nition of negligence (or failure to use reasonable care)
is not necessarily synonymous with genuine error in all
instances. Typically, there is a hierarchy as to what people
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Figure 1 Total claim payments by procedure type, adjusted to 2008 dollars, together with 5-year moving averages (y-axis, total claim payments in dollars;
X-axis, years), showing an increasing temporal trend for colonoscopy and endoscopic retrograde cholangiopancreatography. EGD: Esophagogastroduode-

noscopy; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 3 Absolute percentage increase of average closed

claims

Linear increase/ Model Expon increase/ Model

yr ($) R yr, % R
Colonoscopy 229 000 0.3976 12.59 0.4874
ERCP 122 000 0.5098 19.06 0.4076
EGD 23 000 0.0567 7.53 0.1697
Sigmoidoscopy -93 000 0.1873 -4.6 0.1938

ERCP: Endoscopic retrograde cholangiopancreatography; EGD: Esophago
gastroduodenoscopy.

consider preventable injury-there are those caused by er-
ror, of which some involved negligence, but usually all
negligence involves error.

However despite our limited data resource, our study
provides useful, unprecedented information on litigations
related to endoscopy. All closed claims are likely captured
by the collaborative PIAA database. Because of the eco-
nomics of litigation, these cases typically represent those
involving serious injuries.

In summary, closed malpractice claims data yielded
important information on alleged injuries resulting from
endoscopy. We found discrepancies in malpractice costs
among specialties and the type of procedure. There is
also evidence for secular trend in total claim payments,
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with colonoscopy and ERCP costs rising yearly after ad-
justing for inflation.

Malpractice insurers might use this information to
scale their premiums according to both specialty and
type of endoscopy performed, allowing a risk differential
payment structure. They may also incentivize simulation
training, credentialing, or other regulatory strategies, and
to sponsor safety improvement efforts to reduce their
exposure. Gastroenterologists are to be held accountable
for managing risks of errors" in endoscopy by adher-
ing to standards of practice, especially when performing
ERCP™ (adequate training and yeatly volume) or colo-
noscopy[“] (minimize colon cancer miss rates and ensure
proper documentation). The limitations of our retrospec-
tive data highlight the need for a comprehensive, perhaps
even a prospective, nationwide database at an individual
level to capture the incidence rates of major adverse
events and errors, and to design interventions that can
reduce iatrogenic injuries resulting from substandard en-
doscopy.
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Abstract

AIM: To study the endocytoscopic visualization of
squamous cell islands within Barrett’s epithelium.

METHODS: Endocytoscopy (ECS) has been studied in
the surveillance of Barrett’s esophagus, with controver-
sial results. In initial studies, however, a soft catheter
type endocytoscope was used, while only methylene
blue dye was used for the staining of Barrett’s mucosa.
Integrated type endocytoscopes (GIF-Q260 EC, Olym-
pus Corp, Tokyo, Japan) have been recently developed,
with the incorporation of a high-power magnifying en-
docytoscope into a standard endoscope together with
narrow-band imaging (NBI). Moreover, double staining
with a mixture of 0.05% crystal violet and 0.1% of
methylene blue (CM) during ECS enables higher quality
images comparable to conventional hematoxylin eosin
histopathological images.
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RESULTS: /n vivo endocytoscopic visualization of papil-
lary squamous cell islands within glandular Barrett’s epi-
thelium in a patient with long-segment Barrett's esopha-
gus is reported. Conventional white light endoscopy
showed typical long-segment Barrett’s esophagus, with
small squamous cell islands within normal Barrett’s mu-
cosa, which were better visualized by NBI endoscopy.
ECS after double CM staining showed regular Barrett's
esophagus, while higher magnification (x 480) revealed
the orifices of glandular structures better. Furthermore,
typical squamous cell papillary protrusion, classified as
endocytoscopic atypia classification (ECA) 2 according
to ECA, was identified within regular glandular Barrett's
mucosa. Histological examination of biopsies taken from
the same area showed squamous epithelium within
glandular Barrett's mucosa, corresponding well to endo-
cytoscopic findings.

CONCLUSION: To our knowledge, this is the first
report of /n vivo visualization of esophageal papillary
squamous cell islands surrounded by glandular Barrett’s
epithelium.

© 2013 Baishideng. All rights reserved.

Key words: Endocytoscopy; Barrett's esophagus; Sur-
veillance; Endocytoscopic atypia classification; Crystal
violet; Methylene blue; Hematoxylin eosin stain

Core tip: Endocytoscopy has been also studied in surveil-
lance of Barrett's esophagus, with controversial results.
In initial studies, however, a soft catheter type endocy-
toscope was used, while only methylene blue dye was
used for staining of Barrett’s mucosa. In the present
study, /n vivo endocytoscopic visualization of papillary
squamous cell islands within glandular Barrett’s epitheli-
um in a patient with long-segment Barrett's esophagus
is reported.
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INTRODUCTION

Endocytoscopy (ECS) with ultra-high magnification (X
400-1100) represents the most recent innovation in en-
doscopic imaging, permitting 7z vivo cellular imaging of
gastrointestinal (GI) mucosa and visualization of nuclear
atypia in neoplastic lesions during routine endoscopic ex-
amination”. Not only structural atypia, but also cellular
atypia, with observation of lumens and nuclei, is achieved
by recent advances in ECS”,

Two different integrated type endocytoscopes (GIF-
Q260, Olympus Medical Systems Corp, Tokyo, Japan)
have been recently developedlz’ﬂ. The first is a dual
charged couple device (CCD) integrated type (CIF-Y0001,
EC1 Olympus, Tokyo, Japan) and the other is a single
CCD integrated type (CIF-Y0002, EC2 Olympus).

The dual CCD prototype carries both conventional
magnification (X 80) and ultra-high magnification (X 480)
abilities, which can be easily interchanged by pushing a
button on the endocytoscopelz’éj.

The single CCD prototype endocytoscope (CIF-Y0002,
EC2 Olympus) has only one lens that can consecutively
increase the magnification power from the conventional
magnification power to X 380 using a hand lever. The vid-
eo processor (prototype, Olympus CV-260X) with a light
source (Olympus CLV-260) allows narrow-band imaging
(NBID)”.

Methylene blue or toluidine blue single staining was
initially used for endocytoscopic evaluation of esopha-
geal lesions™ ™", Recently, however double staining with
a mixture of 0.05% crystal violet and 0.1% methylene
blue (CM) has been also proposed during ECS™”. Crystal
violet alone effectively stains the cytoplasm, while methy-
lene blue single staining dyes both nuclei and cytoplasm,
revealing details of cell structure!'”. Double CM stain-
ing enables well balanced staining of both cytoplasm and
nuclei, resulting in improved endocytoscopic visualization
of GI lesions, comparable to conventional hematoxylin
eosin histopathological imagesm.

Minami e a/” has recently described a five type en-
docytoscopic atypia classification (ECA) of esophageal
squamous cell lesions based on size and uniformity of
nuclei, number of cells and regularity of cellular arrange-
ment. ECA-1 to ECA-3 lesions correspond to histologi-
cal categories 1 to 3, according to the revised Vienna!™>'
histological classification of gastrointestinal epithelial
neoplasia, while ECA-4 to ECA-5 lesions correspond to
Vienna categories 4 to 5 (Table 1). According to the re-
sults of Minami ez a”, overall accuracy of ECS in evalu-
ation of esophageal squamous cell lesions was 91.3%,
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providing images similar to conventional hematoxylin
and eosin stainingm. Other endocytoscopic atypia clas-
sification systems of esophageal lesions based on “nuclear
density” and “nuclear abnormality” have also been stud-
ied, with promising results™.

Endocytoscopy has also been studied in surveillance
of Barrett’s esophagus, with controversial results" ' In
initial studies, however, a soft catheter type endocyto-
scope was used, while only methylene blue dye was used
for staining of Barrett’s mucosa '’ Although a stan-
dardized endocytoscopic atypia classification system for
Barrett’s esophageal glandular lesions has not been yet
described, endocytoscopically, dysplasia was diagnosed on
the basis of polarity of cells and nuclei (spacing, orienta-
tion); size, shape and uniformity of nuclei; chromatin;
nucleoli; and nucleus to cytoplasm ratio .

In the present study, 7 »ivo endocytoscopic visualiza-
tion of papillary squamous cell islands within glandular
Barrett’s epithelium in a patient with long-segment Bar-
rett’s esophagus is reported.

MATERIALS AND METHODS

The dual CCD integrated prototype endocytoscope
(CIF-Y0001, EC1 Olympus, Tokyo, Japan) was used for

evaluation of long-segment Barrett’s esophagus in the

present study. In order to compare endocytoscopic im-
ages to histological images, biopsies were taken from the
same area of ECS by an experienced endoscopist.

Conventional magnifying endoscopy and ECS was
performed under conscious sedation with intravenous
pethidine hydrochloride (35 mg; Opystan, Mitsubishi Ta-
nabe Pharma Corporation, Osaka, Japan), supplemented
with diazepam (5-10 mg, Takeda Pharmaceutical Co.,
Osaka, Japan). In order to suppress esophageal peristalsis,
scopolamine butylbromide (20 mg; Buscopan, Boeringer
Ingelhei, GmbH, Ingelheim, Germany) was also adminis-
tered intravenously. Conventional and ultra-high magnifi-
cation examination was performed simultaneously. Flush-
ing with water containing a small amount of simethicone
was carried out to eliminate gas and foamy mucus from
the esophagus before the procedure.

Conventional white light endoscopy (WLE) showed
typical long-segment Barrett’s esophagus, without visible
lesions (Figure 1A). NBI clearly visualized small squa-
mous cell islands within normal Barrett’s mucosa, which
were also identified by WLE with difficulty (Figure 1B).

After double CM staining, ECS with gradual magni-
fication followed. A total amount of 10 mI. CM mixture
was directly injected through the working channel with a
5 mL syringe to esophageal Barrett’s mucosa. No cath-
eter spray was necessary. The CM mixture is routinely
prepared for ECS use, from 0.05% crystal violet and 0.1%
methylene blue due solutions. After waiting 60 s to stain
nuclei and cytoplasm, ECS followed.

RESULTS

Initially, detailed endocytoscopic observation on the back-
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Table 1 Revised Vienna classification of gastrointestinal
epithelial neoplasia
Category Diagnosis
Group 1 Negative for neoplasia
Group 2 Indefinite for neoplasia
Group 3 Mucosal low grade neoplasia
Low grade adenoma
Low grade dysplasia
Group 4 Mucosal high grade neoplasia
Subgroup 4.1 High grade adenoma/ dysplasia
Subgroup 4.2 Non-invasive carcinoma (carcinoma in sifu)
Subgroup 4.3 Suspicious for invasive carcinoma
Subgroup 4.4 Intramucosal carcinoma
Group 5 Submucosal invasion by carcinoma

The Endocytoscopic Atypia (ECA) Classification"” for superficial
esophageal squamous cell lesions is as follow: ECA 1: Large, cytoplasm-
rich cells with a rhomboid shape are found in a regular arrangement.
Small nuclei are located at their center. This appearance corresponds to
healthy squamous epithelium in the esophagus; ECA 2: The cell margin
often becomes round. Different-sized small nuclei are observed. The image
often shows inflammatory or reactive changes; ECA 3: The cell becomes
smaller in size but the nuclei are still compact. This appearance is often
observed in borderline lesions; ECA 4: The number of cells increases with
an increased nucleus-cytoplasm ratio. This appearance strongly suggests
a malignant lesion; ECA 5: Cells of various sizes are arranged irregularly
with a high nucleus-cytoplasm ratio. This appearance is recognized
endoscopically as a definitely malignant lesion. All images were
categorized according to size and uniformity of nuclei, number of cells
and regularity of cellular arrangement. Higher ECA category is associated
with stronger atypia. ECA 1 to ECA 3 corresponds to Vienna categories
1 to 3; ECA 4 to ECA 5 corresponds to Vienna categories 4 to 5. The data
was quoted from the references of 13, 14.

ground mucosa showed regular Barrett’s esophagus, with-
out endocytoscopic signs of dysplasia (Figure 1C), while
with higher magnification the adenomatous Barrett’s
glandular orifices were better visualized (Figure 1D). Par-
ticularly, high quality endocytoscopic images revealed not-
mal cellular structures, with cells similar in size and shape,
without crowding or ovetlapping and an equal uptake of
methylene blue, uniformly oriented in a glandular struc-
ture. Furthermore, nuclei were uniform, regular in shape,
small in size with normal nucleus/cytoplasm ratio.

Subsequently, ECS focused on the largest squamous
cell island surrounded by regular Barrett’s epithelium,
which was previous identified by NBI. A typical squa-
mous papillary protrusion was clearly identified within
regular glandular Barrett’s mucosa (Figure 2A). Endocy-
toscopic findings revealed combined round-shaped cyto-
plasm-rich cells in an almost regular arrangement, while
different sized small nuclei were observed, corresponding
to ECA2 according to endocytoscopic atypia classifica-
tion” (Figure 2A). These findings were suggestive of
mild inflammatory changes of esophageal squamous epi-
thelium (DVD).

After detailed observation, biopsies were taken from
the same atea in order to obtain a pathological diagnosis.
The location of endocytoscopic images were matched
to histological images and complete correspondence of
endocytoscopic images with histopathological images was
obtained (Figure 2) based on the records of endocyto-
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scopic examination (DVD).

Histological examination showed squamous epithe-
lium within non-dysplastic columnar Barrett’s epithelium
(Figure 2B). No dysplasia or atypia was found in histopa-
thology of both squamous cell islands and adenomatous
Barrett’s epithelium, which was in accordance with endo-
cytoscopic images.

DISCUSSION

Barrett’s esophagus is the transformation of the normal
squamous esophageal mucosa into columnar epithelium
and is considered a premalignant condition with high risk
of esophageal adenocarcinoma'*™), Traditionally, the
diagnosis of Barrett’s esophagus is based on histology of
biopsy specimens and hematoxylin eosin stain, revealing
glandular structures combined with goblet cells™, The
presence of goblet cells is the sine qua non of Barrett’s
esophagus™*,

Long-term endoscopic surveillance with multiple and
repeated sets of biopsies are the standard recommended
practice in Barrett’s esophagus in an attempt to detect
dysplasia or carcinoma at an early and potentially cur-
able stage™ . The Seattle multiple biopsy protocol (4
quadrant jumbo biopsies every 1 cm with additional bi-
opsies of mucosal abnormalities), is considered to be the
optimal method for surveillance of Barrett’s esophagus,
although it has never been validated”™™. However, even

the most intensive biopsy protocols are associated with
[31,32]

significant sampling errors

By convention, there are four broad categories used
by pathologists to describe the dysplastic process in Bar-
rett’s: (1) no dysplasia; (2) indefinite for dysplasia; (3)
low-grade dysplasia; and (4) high-grade dysplasia; which
corresponds to groups 1 to 4 according to the revised Vi-
enna'! classification for gastrointestinal epithelial neopla-
sia. The most significant category, high-grade dysplasia,
is characterized by carcinoma 7 situ with malignant cells
that do not invade the lamina propria. Category (5) cor-
responds to submucosal invasion by carcinoma'™"".,

However, the ability to grade dysplasia remains a sub-
jective endeavor, particularly outside specialized centers
with expert gastrointestinal pathologists””. Even among
focused gastrointestinal pathologists there is discordance,
particularly with regard to the presence of low-grade dys-
plasiamj. This lack of precision inherent in histopatholog-
ical grading has stimulated efforts to identify alternative
methods of surveillance in patients with Barrett’s esopha-
gus, including more objective molecular and biochemical
indicators of an increased risk for progression”.

ECS is a revolutionized endoscopic imaging technique
aiming to replace the histological examination of biopsy
specimens, making “optical biopsy” possible while facili-
tating real time decision-making'”.

ECS after double CM staining using modern integrat-
ed type endocytoscopes enables iz vivo visualization of
living cells and evaluation of tissue atypia by approximat-

ing the tip of the endoscope onto the mucosal surface!
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Orifice of gland

Figure 1 White light endoscopy, narrow-band imaging and endocytoscopy examination of long segment Barrett’s esophagus. A: Long segment Barrett's
esophagus under white light endoscopy (WLE); B: Narrow-band imaging with low magnification clearly visualized small squamous cell islands within regular columnar
Barrett's epithelium, which are also identified by WLE with difficulty; C: Endocytoscopy (ECS) examination after crystal violet and methylene blue (CM) double stain-
ing; D: ECS examination under higher magnification (x 480) shows the glandular orifices of regular Barrett's epithelium.

Squamous
epithelium ECA

Glands

Figure 2 Endocytoscopy examination of histologically confirmed squamous cell islands within Barrett's esophagus. A: Endocytoscopy (ECS) examination
shows squamous cell islands, within regular glandular structures of Barrett’s esophagus. According to ECS examination, squamous papillary structure is classified as
ECA2, (round-shaped cells with different-sized small nuclei, suggestive of inflammatory changes); B: Histological examination (hematoxylin and eosin stain magnifica-
tion) of biopsies from the same area as in Figure (A) confirmed the presence of a squamous papillary structure surrounded by Barrett's glandular epithelium.

No serious complications of ECS have been reported cytoscope was used, endocytoscopic evaluation of long-
yet. segment Barrett’s esophagus in the present study was per-
At present, a standardized endocytoscopic atypia formed by a dual CCD integrated endocytoscope[z]. This
classification system has been described for esophageal scope has the advantage of gradual magnification at the
squamous cell lesions™ and colorectal™ adenomatous center of the monitor, ensuring biopsies from the same
lesions. ECS has been also applied for Barrett’s esopha- area of ECS. This is important to compare endocyto-
"7 it controversial results, however, and with- scopic images to histological images. Standard endoscopy,
out a standardized endocytoscopic classification system. supplemented by NBI and conventional magnification
In contrast to [E)Grﬁlvious endocytoscopic studies in endoscopy was also performed by the same endoscope[z].

Barrett’s esophagus where a soft catheter type endo- Another interesting finding of the present study is the
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use of the double CM staining technique, which provided
higher quality endocytoscopic images of both Barrett’s
metaplastic epithelium and esophageal squamous cell is-
lands. Although double CM staining has been used in ECS
of esophageal squamous cell lesions, to our knowledge, it
has not been previously reported in endocytoscopic evalu-
ation of Barrett’s esophagus.

ECS may further allow target biopsy, as in the pre-
sented case, which is extremely important in surveillance
of Barrett’s esophagus where random biopsy protocols
are currently in use. In the present case, ECS permitted
in vivo high quality images of squamous cell islands within
long-segment Barrett’s epithelium comparable to histol-
ogy. To our knowledge, this is the first report of zn vive
visualization of typical esophageal squamous cell islands
surrounded by glandular Barrett’s epithelium. According
to the positive results of the present study, although from
only one case, endocytoscopic evaluation of Barrett’s mu-
cosa is promising. However, further studies and expertise
are necessary.

COMMENTS

Background

Barrett's esophagus is the transformation of the normal squamous esophageal
mucosa into columnar epithelium and is considered a premalignant condition
with high risk of esophageal adenocarcinoma. Multiple biopsy protocols are cur-
rently the optimal practice in surveillance of Barrett's esophagus, with significant
sampling errors, however. Moreover, there is discordance regarding the ability
to grade dysplasia in Barrett's esophagus even among focused gastrointestinal
pathologists. This lack of precision inherent in histopathological grading has
stimulated efforts to identify alternative methods of surveillance in patients with
Barrett's esophagus.

Research frontiers

Endocytoscopy (ECS) has emerged as a novel method of in vivo diagnosis of
gastrointestinal mucosal lesions aimed at replacing the histological examination
of biopsy specimens while facilitating real time decision-making.
Innovations and breakthroughs

ECS has been studied in surveillance of Barrett’s esophagus, with controversial
results. In contrast to previous studies in which a soft catheter type endocyto-
scope was used after single methylene blue dye for staining of Barrett's mucosa,
in the present study, a novel integrated type endocytoscope after double crystal
violet and methylene blue (CM) staining resulted in higher quality endocyto-
scopic images, corresponding to hematoxylin eosin histopathological images.
To the knowledge, this is the first report of in vivo endocytoscopic visualization
of typical esophageal squamous cell islands within regular glandular Barrett's
epithelium.

Applications

Based on the encouraging results of the present study, ECS, according to the
technique described in this article, would be reliably used for real time, in vivo
diagnosis of Barrett’s esophagus as an alternative to histological examination
of biopsy specimens. ECS may allow target biopsy, as in the presented case,
which is extremely important in surveillance of Barrett's esophagus where
random biopsy protocols are currently in use. However, further studies and
expertise are necessary, while a standardized endocytoscopic atypia classifica-
tion system, similar to that described for esophageal squamous cell lesions and
colorectal adenomatous lesions, is necessary and awaited.

Terminology

CCD: charged couple device; ECS is a novel endoscopic imaging of gas-
trointestinal mucosa, with ultra-high magnification (x 400-1100), permitting
in vivo cellular imaging and observation of lumens and nuclei during routine
endoscopic examination; The dual CCD integrated prototype (CIF-Y0001, EC1,
Olympus, Tokyo, Japan) endocytoscope (x 480) carries both conventional
magnification (x 80) and ultra-high magnification (x 480) abilities, which can be
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easily interchanged by pushing a button on the endocytoscope; The single CCD
prototype (CIF-Y0002, EC2 Olympus) endocytoscope (x 380) has only one lens
that can consecutively increase the magnification power from the conventional
magnification power to x 380 using a hand lever; The revised Vienna clas-
sification of gastrointestinal epithelial neoplasia, which is based on the severity
of cytological and architectural changes and on invasion status, has to some
extent, resolved the differences between Western and Japanese pathologists in
the diagnostic classification of gastrointestinal epithelial neoplastic lesions, es-
pecially in the use of the terminology of dysplasia, adenoma, early cancer and
advanced cancer.

Peer review

It is very interesting brief report. Superb images and careful description of the
technique are the strong points of the paper.
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Abstract

Ischemic colitis accounts for 6%-18% of causes of
acute lower gastrointestinal bleeding. It is more often
multifactorial and more common in elderly. Drugs are
considered important causative agents of this disease
with different mechanisms. In this paper, we describe
a 37-year-old otherwise healthy female presented with
sudden onset diffuse abdominal pain and bloody stool.
Radiologic, colonoscopic and histopathologic find-
ings were all consistent with ischemic colitis. Her only
suspected factor was hydroxycut which she had been
taking for a period of 1 mo prior to her presentation.
Her condition improved uneventfully after cessation of
hydroxycut, bowel rest, intravenous hydration, and an-
tibiotics. This is a first case of ischemic colitis with clear
relationship with hydroxycut use (Naranjo score of 7).
Our case demonstrates the importance of questioning
patients regarding the usage of dietary supplements;
especially since many patients consider them safe and
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do not disclose their use voluntarily to their physicians.
Hydroxycut has to be considered as a potential trigger
for otherwise unexplained ischemic colitis.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Ischemic colitis results from a sudden decrease of splan-
chnic blood flow to the colon. It occurs more often in
the splenic flexure and rectosigmoid junction, which are
also known as watershed ateas of the colon. These two
areas have limited collateralization between superior mes-
enteric artery and inferior mesenteric artery, and inferior
mesenteric artery and internal iliac artery which supply
splenic flexure and rectosigmoid junction of the colon,
respectively. Therefore, these two ateas are more prone
to ischemic colitis'".

The mechanisms of developing ischemic colitis in-
clude hypoperfusion due to systemic hypotension sec-
ondary to sepsis, hemorrhage, cardiac failure or any other
conditions that might cause hypotension. Vasoconstric-
tion in the colonic vessels due to hypotension or certain
substances such as cocaine and other sympathomimetic
agents is another mechanism. The third mechanism is
thromboembolism due to inherited or acquired hyper-
coagulable conditions such as antiphospholipid antibody
syndrome. Also increased intracolic pressure is another
mechanism for ischemic colitis by causing decrease of the
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blood flow into the colon which can occur after screen-
ing colonoscopy. Final mechanism is vasculitis involving
colonic vessels such as polyarteritis nodosa'™”.

Advanced age, aortic surgery, diabetes mellitus, hyper-
tension, and peripheral vascular disease have been also
suggested to be predisposing factors for ischemic coli-
tis!". Hydroxycut is an over-the-counter herbal product
that has been used for purpose of the weight loss, body
building and as an energy enhancer. It is a multicompo-
nent dietary supplement which has been reformulated
twice after warnings from the food and drug administra-
tion (FDA). It has been linked to setious medical condi-
tions, mostly acute liver toxicity. We describe here a case
of ischemic colitis developed in a healthy young female
after a month of hydroxycut consumption for purpose
of weight loss in the absence of any other risk factors for
ischemic colitis.

CASE REPORT

A 37-year-old otherwise healthy female presented with
severe crampy abdominal pain. Pain was diffuse but more

pronounce in left lower quadrant of her abdomen. The
pain was also associated with nausea and one episode
of non-bloody, non-bilious emesis. She had two bloody
bowel movements at home and later on she had another
two with blood clots in the stool at the emergency room.
She denied fever, chills, urinary symptoms, similar symp-
toms in the past, recent travel, sick contact, or recent use
of antibiotics or non-steroidal anti-inflammatory drugs
(NSAIDs). She had no significant past medical history.
She had hysterectomy 4 years ago for repeated abnormal
Pap smears. She was not on any prescribed medications.
She denied smoking or using illicit drugs, but was drink-
ing alcohol occasionally. She had no family history of
major medical problems including gastrointestinal dis-
eases or blood disorders.

The patient was afebrile with temperature of 98.2 F,
blood pressure of 106/63 without orthostatic hypoten-
sion, heart rate of 65 bpm, weight of 181 pounds, and
body mass index of 29.2 kg/ m’. Her physical exam was
remarkable for diffuse generalized abdominal tenderness,
especially in left upper and left lower quadrants without
guarding or rebound tenderness. Rectal exam was remark-
able for blood on digital exam. The rest of exam including
cardiopulmonary, skin, and extremities were unremarkable.
Laboratory studies were unremarkable including complete
blood count (hemoglobin of 15.9 g/dL), basic metabolic
panel, liver function tests, urinalysis, urine toxicology, stool
studies (except for positive blood), lipase, amylase, choles-
terol profile, hemoglobin Alc, and thyroid function tests.
Computed tomography (CT) scan showed a moderately
severe colonic wall thickening in the descending colon ex-
tending into rectosigmoid area (Figure 1A, B).

Colonoscopy revealed erythematous and edematous
colonic mucosa with multiple supetficial erosions and ul-
cerations from the distal descending colon up to the mid-
transverse colon which was consistent with moderately
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severe ischemic colitis (Figure 2). Multiple biopsies were
taken which were consistent also with ischemic colitis
(Figure 1C, D). CT angiogram was performed and did
not identify any stenosis, occlusion, or thrombosis in the
intra-abdominal vessels.

On further questioning to determine the etiology of
ischemic colitis in our patient, she reported taking hyr-
doxycut in a recommended dose by the manufacturer for
weight loss purposes for a period of one month prior to
her presentation.

This temporal relationship between hydroxycut expo-
sure and her symptoms, in the light of absence of other
causes of ischemic colitis strongly raises the probability
of hydroxycut as the potential trigger of ischemic coli-
tis. This case scored a 7 on the Naranjo Nomogram for
adverse drug reactions, indicating a probable association
between hydroxycut exposure and the development of
ischemic colitis (Probable: 5-8).

She was treated with intravenous fluids, bowel rest,
intravenous antibiotics, and discontinuation of hydroxy-
cut. Her hospitalization course was uneventful and she
was discharged home 3 d later. She was counseled to stop
hydroxycut consumption.

DISCUSSION

This case illustrates the importance of investigation for

potential triggers for ischemic colitis when the classical
risk factors are absent. The causes of ischemic colitis vary
from systemic hypotension, aortoiliac surgery, atheroscle-
rosis, thromboembolic events, vasculitis, to varieties of
drugsm.

Drugs have been implicated in the development of
ischemic colitis by different mechanisms including de-
creasing blood flow wiz systemic hypotension such as
angiotensin-converting enzyme inhibitors, causing vaso-
spasm such as pseudoephedrine, promoting thromboem-
bolism such as oral contraceptives, causing vasculitis such
as gold salts, and increasing intracolic pressure such as
alosetron'. The mechanism of some drugs reported to
cause ischemic colitis has not yet determined. The Table
1 below shows a list of medications and their mecha-
nisms for causing ischemic colitis'™.

Many case reports have linked ischemic colitis and
some commonly used medications such as NSAIDs and
triptans, chemotherapy such as bevacizumab and irino-
tecan, hepatitis C therapy with pegylated interferon and
ribavirin, following screening colonoscopy, scuba diving,
flying, snake bite, acute carbonic monoxide poisoning,
electrical muscle stimulation of the abdominal wall, fol-
lowing long distance running, herbal remedies such as
ma huang (ephedra), and weight loss medications such as
phentermine!,

A significant proportion of Americans and people
all over the world are using herbal supplements for dif-
ferent purposes based on geographic, race, and cultural
backgrounds. In a survey in 2007, 17.7% of adults in the
United States and 3.9% of children were using some kind
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Figure 1 Computed tomography scan and histopathology. A, B: Computed tomography scan shows thickening of the colonic wall involving the descending colon
(arrows); C, D: Histopathology shows: the overlying surface mucosa is eroded, the lamina propria is partially hyalinized with fibropurulent exudate and acute inflam-
mation, consistent with ischemic colitis.

Figure 2 Colonoscopy shows. A: Normal mucosa of the right colon (hepatic flexure); B, C: Erythematous, edematous, erosive, and ulcerated mucosa of the splenic
flexure of the colon, consistent with ischemic colitis; D: Normal mucosa of the sigmoid colon.
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Table 1 Medications associated with ischemic colitis

Mechanism

Agent

Amphetamines

Alosetron

Catecholamines (epinephrine, norepinephrine)
Cocaine

Cyclosporine

Digitalis

Dopamine

Ergot derivatives

Nonsteriodal anti-inflammatory drugs
Pseudoephedrine

Triptans (Naratriptan, Rizatriptan,

Vasoconstriction

Sumatriptan)

Vasopressin and vasopressin analogues
Glycerin enema

Phosphosoda solution
Angiotensin-converting enzyme inhibitors
Antipsychotic (chlorpromazine)

Beta blockers

Barbiturates

Diuretics

Local vasospasm effect

Systemic hypotension

Interleukin-2
Tricyclic antidepressants

Amphetamines Vasculitis
Gold compounds
Estrogens Thrombotic lesion

induction
Progestational agents

Alosetron Increased intracolic
pressure

Danazol

Glycerin enema

Carboplatin Undetermined

Flutamide

Glutaraldehyde

Hyperosmotic saline laxatives
Interferon-a

Mycophenolate mofetil
Paclitaxel

Simvastatin

Tegaserod

With permission to reuse from Elsevier'.

of “non-vitamin, non-mineral, natural products” within
the last 12 mo". Factors associated with herbal supple-
ments use are middle age, female gender, uninsured per-
sons, and higher education'”. Fifty eight percent of users
do not disclose their use to their physiciansm.

Among the most popular herbal supplements used in
the United States are weight-loss products as obesity is
becoming epidemic in the United States affecting more
than one-third of populationm. These products are con-
sidered dietary supplements and are not regulated by the
FDA®, Dietary supplement manufacturers only need low-
level of evidence for their efficacy and safety to get mar-
ket approval, with most studies of small sample size for
a short duration”. In a systematic review of 19 human
studies in 2009, the average number of participants was
64.4 (range: 24-153), and the average study duration was
15 wk (range: 2-36 wk)™'”. Under Dietary Supplement
Health and Education Act, once a product is marketed, it
is the FDA’s responsibility to prove it unsafe before with-
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drawing or restricting its use, as opposed to conventional
medications, for which pharmaceutical companies have
to prove the safety of drug before marketing.

Hydroxycut is one of the most sold products among
all weight-loss supplements. It is claimed to be a weight-
loss aid, fat burner, and energy enhancer. Hydroxycut
was introduced first containing ephedra as one of its
components; however, after banning ephedra containing
products by FDA in February 2004 for severe cardiovas-
cular and neurologic toxicity, hydroxycut was withdrawn
from the market and reformulated to exclude ephedra™'".,
In May 2009, FDA warned consumers to stop taking any
hydroxycut products due to 23 reported cases of severe
serious health events related to Hydroxycut, especially
liver toxicity resulting in one death!”,

The safety of hydroxycut (as well as its efficacy) is
unstudied extensively and it is based on post-marketing
case reports. Since 2004, after ephedra was withdrawn
from hydroxycut, it has been reported 30 cases of serious
medical conditions associated with hydroxycut ingestion
including hepatotoxicity, in form of hepatocellular injury,
immune-mediated hepatitis, or cholestasis patterns (# =
26), reversible cerebral vasoconstriction syndrome (7 = 1),
hypertensive retinopathy (# = 1), thabdomyolysis (» = 1),
atrial fibrillation (» = 1)1,

Prior to May 2009, its primary ingredients included
Gymmema sylvestre, Garcinia cambogia, Rhodiola rosea extract,
Withania somnifera extract, Cizrus Aurantium, chromium,
caffeine, and green tea extract (as Camellia sinensis), how-
ever; it has been reformulated again since then to have
a variety of different herbal mixtures including Lady’s
mantle extract (as ~Alkhenilla vulgaris), Wild olive extract (as
Alea enropaea), Komijn extract (as Cuminum cyminum), Wild
mint extract (as Mentha longifolia), Acerola concentrate (as
Malpighia glabra), Goji extract (as Lycium barbarum), blue-
berry (as vaccinium corymbosum), Pomegranate (as Punica
grantum), Bilberyy extract (as Vaccininm myritillas), Brazilian
acal concentrate (as Ewterpe oleracea), Green coffee extract
(as Cunephora robusta), Cayenne pepper (as Capsicum an-
nuupi), Yohimbe extract (as Pausinystalia yohimbe), caffeine,
many amino acids, vitamins and minerals®”.

It has not determined clearly which substance(s)
is responsible for reported toxicities. It has been sug-
gested hydroxycitric acid, Gareinia cambogia, chromium,
epigallocatechi-2-gallate (EGCG), green tea extract (as
Camellia sinensis), and contaminated chemicals or bactetia
as the cause of hepatotoxicity; however studies’ results
are conflicting*'******!. EGCG in Hydroxycut has been
suggested as the suspected causative component for de-
veloping atrial fibrillation by blocking the atrial-specific
KCNAS5 potassium channel™,

The proposed mechanism for hydroxycut-induced
ischemic colitis is the local vasoconstriction of vessels
supplying the colon due to one or more substances. High
dose of caffeine in hydroxycut has been suggested as a
sympathomimetic agent causing vasoconstriction in the
brain which might cause similar effects in other organs
such as colon; however, it is unprovenm’zz’zsj. Chromium

April 16,2013 | Volume 5 | Issue 4 |



Sherid M et a/. Hydroxycut-induced ischemic colitis

Table 2 Naranjo adverse drug reaction nomogram in our patient

Yes No Our patient
1: Are there previous conclusive reports on this reaction? 1 0 0
2: Did the adverse event appear after the suspected drug was administered? 2 -1 2
3: Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered? 1 0 1
4: Did the adverse reaction reappear when the drug was readministered? 2 -1 0
5: Are there alternative causes (other than the drug) that could have, on their own, caused the reaction? -1 2 2
6: Did the reaction appear when a placebo was given? -1 1 1
7: Was the drug detected in the blood (or other fluids) in concentration known to be toxic? 1 0 0
8: Was the reaction more severe when the dose was increased or less severe when dose was decreased? 1 0 0
9: Did the patient have a similar reaction to the same or similar drugs in any previous exposure? 1 0 0
10: Was the adverse event confirmed by any objective evidence? 1 0 1

Definite: Score = 9; Probable: 5-8; Possible: 1-4; Doubtful: < 0.

in prior formulas is another suggested substance to cause
vasoconstriction by activating sympathetic nervous sys-
tem™. Other components are also possible causes by
causing direct or indirect vasoconstriction in susceptible
subjects; especially hydroxycut has multiple ingredients
with limited known information regarding their precise
mechanisms of action. Hydroxycut may work in sero-
tonergic or adrenergic systems as many conventional
weight-loss medications, however, it is difficult to identify
the exact ingredient or mechanism by which hydroxycut
works or causes its side effects.

While causation is impossible to confirm, the tem-
poral relationship between initiation of this product and
development of ischemic colitis, in the light of absence
of other etiologies, raises the suspicion of hydroxycut as
a potential culprit in this case. When applying Naranjo
nomogram in our patient, a score of 7 was granted indi-
cating a probable likelihood (Table 2).

Naranjo nomogram for adverse drug reaction con-
sists of 10 questions to assess the cause-effect relation-
ship between any potential offending drug and any event.
The likelihood of a drug-event relationship is defined as
definitive if score is 9 or greater, probable if the score is
5-8, possible if the score is 1-4, and doubtful if the score
is 0 or less™. It is considered a useful tool for evaluating
the causality of any potential drug-induced event.

In conclusion, this is the first case report of ischemic
colitis associated with ephedra-free weight-loss supple-
ment hydroxycut. Our case demonstrates the importance
of questioning patients regarding the usage of these sup-
plements; especially since many patients consider them
safe and do not disclose their use voluntarily to their phy-
sicians. Hydroxycut has to be considered as the potential
cause for otherwise unexplained ischemic colitis.
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Accepted: January 5, 2013 Ingestion of long, sharp and rigid foreign bodies is

Published online: April 16,2013 associated with an increased risk of impaction, perfora-

tion and bleeding. Foreign bodies may also impact or per-
forate the bowel wall. Symptoms ate variable and mostly
related to the site of impaction or perforation of the
Abstract bowel wall. Foreign bodies can also be found incidentally
Foreign objects ingestion occur commonly in pediatric on X-rays done for other reasons.

patients. The majority of ingested foreign bodies pass Anatomical sites where foreign bodies impact most
spontaneously the gastrointestinal tract and surgery is commonly ate pylorus, duodenal C-loop and ileo-cecal
rarely required for extraction. Endoscopic removal of  valve. Foreign bodies longer than 10 cm mostly impact
foreign bodies larger than 10 cm has not yet been de- i the duodenal C-loop because this part is fixed in the
scribed. We present the case of a 16 years old bulimic retroperitoneumm. Endoscopic removal of these objects

girl that Swal_l(?wed a 12 cm long teaspoon in order to should be attempted in a way to avoid perforation and if
provoke vomiting. The teaspoon perforated the duode- this fails, surgery should be considered.

num. However, it was removed during gastroscopy and
the site of perforation was closed endoscopically. This
particular case shows the importance of endoscopy for CASE REPORT
retrieval of large foreign bodies, and the possibility to
endoscopically close a perforated duodenal wall.

A 16-year-old bulimic girl swallowed a teaspoon in a way
to induce vomiting. She informed the parents only 24 h
© 2013 Baishideng. Al rights reserved. later, when she had abdon}lnal pain. On plain abdom.mal

X-ray the teaspoon was in the right upper abdominal
Key words: Foreign body ingestion; Upper endoscopy; quadrant without evidence of intra-abdominal air (Fig-
Bowel perforation; Bulimia ure 1A). On urgent upper endoscopy, there was a large

amount of food in the stomach and in the duodenal bulb
Boskoski I, Tringali A, Landi R, Familiari P, Contini ACI, Pintus ~ despite prolonged fasting. The tip of the teaspoon handle
C, Costamagna G. Endoscopic retrieval of a duodenal perforat- was found impacted into the duodenal mucosa at the
ing teaspoon. World J Gastrointest Endosc 2013; 5(4): 186-188 level of the superior duodenal genu with suspected duo-
Available from: URL: http://www.wjgnet.com/1948-5190/full/ denal perforation (Figure 1B). With delicate maneuvers
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using a rat-tooth forceps the impacted teaspoon handle
was removed from the duodenal wall, brought into the
stomach and then extracted. The spoon was 12 cm long,
2 cm large at the cup and 0.5 cm at the handle, which was
sharp (Figure 1C). Control endoscopy was performed
immediately after extraction of the teaspoon, and this
confirmed perforation of the duodenal wall. The muco-
sal flaps on the site of perforation were closed by placing
5 clips (EZ clips long, Olympus, Tokyo, Japan), and by
injection of 3 mL of fibrin glue (Beriplast, Nycomed,
Germany) over the clips in a way to consolidate the clo-
sure. Air injection during endoscopy induced the onset
of subcutaneous emphysema, which was diagnosed on
palpation. On urgent computed tomography (CT) scan
there was diffuse bilateral retro-pneumoperitoneum ex-
tending to the right inguinal region, with a small amount
of fluid into the retro-duodenal region near the right kid-
ney (Figure 1D).

White blood cells count was 12.240 (normal value
4.100-9.800), without fever. On physical examination
there was abdominal tenderness without signs of perito-
nitis. The patient started 7» therapy with broad spectrum
antibiotics and proton pump inhibitors. Clinical course
was uneventful during the following days, and white
blood cells count normalized without occurrence of
fever. Four days later upper gastrointestinal enema with
water soluble contrast confirmed the absence of leaks at
the site of perforation. On control CT scan after 7 d dif-
fuse retro-peritoneum was still present without evidence
of fluid collections and upper endoscopy confirmed
complete closure of the petforation. One week later the
patient started oral nutrition and was discharged in good
clinical conditions.

DISCUSSION

Swallowing of large objects (> 10 cm) may occur, but
these usually do not pass spontaneously through the
gastrointestinal tract, and often require urgent surgery
due to perforation”. In the setting of intentional foreign
body ingestion, the rate of endoscopic intervention may
be much higher (63%-76%) and the need for surgical
intervention ranges from 12% to 16%™". This however
depends on the size of the foreign body (usually < 10
cm). Mortality rate in these patients is extremely low".
The technique of fibrin glue injection has already been
described!”. Our patient developed diffuse subcutane-
ous emphysema during endoscopy. The use of carbon
dioxide instead of air should be preferred in these cit-
cumstances because of much more rapid reabsorption.
Timing of endoscopy in these patients is very important,
in order to reduce the risk of bacterial contamination in
case of perforation”,

This particular case shows the importance of endos-
copy for retrieval of large foreign bodies, and the possi-
bility to endoscopically close a perforated duodenal wall.
The endoscopic approach was essential in this case and
avoided surgery to this young patient.
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Figure 1 Endoscopic retrieval of a duodenal perforating teaspoon. A: Plain
abdominal X-ray showing the teaspoon in the right upper abdominal quadrant.
Note the absence of free intra-abdominal air; B: The tip of the teaspoon handle
impacted into the duodenal mucosa at the level of the superior duodenal genu; C:
The spoon after extraction: 12 cm long, 2 cm large at the cup and 0.5 cm at the
handle; D: Urgent computed tomography scan showing diffuse bilateral retro-
pneumoperitoneum extending to the right inguinal region, with a small amount
of fluid into the retro-duodenal region near the right kidney.
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Abstract

Ascaris lumbricoides (A. lumbricoides) is the most com-
mon intestinal roundworm parasite, infecting approxi-
mately one quarter of the world’s population. Infection
can lead to various complications because it can spread
along the gastrointestinal tract. Although A. /fumbricor-
des infection is a serious healthcare issue in developing
countries, it now also has a worldwide distribution as
a result of increased immigration and travel. Intestinal
obstruction is the most common complication of A. lum-
bricoides infection, potentially leading to even more se-
rious consequences such as small bowel perforation and
peritonitis. Diagnosis is based primarily on stool samples
and the patient’s history. Early diagnosis, aided in part
by knowledge of the local prevalence, can result in early
treatment, thereby preventing surgical complications
associated with intestinal obstruction. Further, delay in
diagnosis may have fatal consequences. Capsule endos-
copy can serve as a crucial, non-invasive diagnostic tool

(4 9

Boichidongs  WJGE | www.wjgnet.com

189

for A. lJumbricoides infection, especially when other di-
agnostic methods have failed to detect the parasite. We
report a case of A. lumbricoides infection that resulted
in intestinal obstruction at the level of the ileum. Both
stool sample examination and open surgery failed to
indicate the presence of A. Jumbricoides, and the cause
of the obstruction was only revealed by capsule endos-
copy. The patient was treated with anthelmintics.

© 2013 Baishideng. All rights reserved.

Key words: Capsule endoscopy; Ascaris lumbricoides;
Intestinal obstruction
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INTRODUCTION

Ascaris lumbricoides (A. lumbricoides) has a worldwide dis-
tribution, but occurs most frequently in underdeveloped
regions where sanitation is poor'™”. In most cases the
infection remains asymptomatic until the number of
worms in the intestines increases considerably. It can
cause serious complications, the most common of which
1s intestinal obstruction, although pancreatitis, cholangi-
tis, bleeding, and obstructive jaundice can also occur™.
The diagnosis of A. lumbricoides infection is based mainly
on patient history and stool samples, but complementary
exams such as abdominal radiography and computed
tomography can also aid in the diagnosis”. We report a
case of A. lumbricoides infection that resulted in intestinal
obstruction. Although the obstruction was apparent dut-
ing open surgery and imaging, neither they, nor the stool

April 16,2013 | Volume 5 | Issue 4 |
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Figure 1 Ascaris lumbricoides roundworm physically blocking the small
bowel.

samples analysis revealed the presence of A. lumbricoides.
The presence of this parasite was however determined by
video capsule endoscopy.

CASE REPORT

A 64-year-old Brazilian woman presented with abdominal
discomfort and intermittent subocclusive episodes that
had developed over the previous few weeks. The discom-
fort was relieved by evacuation. Physical examination
indicated good health, and no abdominal tenderness was
noted. The patient had undergone 2 previous exploratory
laparoscopy procedures to examine the subocclusion, but
the findings were normal. A stool sample was analyzed
to detect the possible presence of a parasitic infection,
but the findings were negative. However, contrast radi-
ography and computed tomography revealed a partial
obstruction with an undetermined tube-like structure
at the level of the ileum, suggesting a parasitic infec-
tion. Capsule endoscopy (MiroCam capsule; Intromedic,
Seoul, South Korea) was performed to determine the
cause of the obstruction. A diagnosis of roundworm
infection with partial obstruction of the ileum with live
A. lumbricoides was confirmed (Figures 1 and 2). The first
roundworm was seen 1 h 34 min after capsule ingestion
(Figure 1) and the last one was seen 2 h later (Figure 2).
Treatment with albendazole and piperazine was initiated,
and the patient made a full recovery.

DISCUSSION

A. lumbricoides is the most common intestinal helminth
parasite, infecting approximately one quarter of the
world’s population'. Tt has long been endemic in devel-
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Figure 2 Infection of the ileum with live Ascaris lumbricoides.

oping countries, but it now has a worldwide distribution
due to the increase in immigration and travel”. Capsule
endoscopy is an important tool for evaluation of small
bowel disorders, allowing for non-invasive diagnosis of
many diseases. In this case, it was used successfully to re-
veal the cause of intestinal obstruction as being due to A.
Ilumbricoides infection. This was after stool sample analysis
and open surgery, which are currently considered to be
the gold standard for 4. lumbricoides.
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INTRODUCTION

Gastric submucosal tumors (SMTs) are a wide range of
Abstract diverse conditions including neoplastic lesions such as
gastrointestinal stromal tumor (GIST), leiomyoma, leio-

To evaluate the diagnostic yield of the procedure, mu-
cosal-incision assisted biopsy (MIAB), for the histologi- ~ ™Myosarcoma, ?Chwannomaa gmmﬂar cell tumor ?ﬂd non-
cal diagnosis of gastric gastrointestinal stromal tumor ~ neoplastic lesions such as inflammatory fibroid polyp,
(GIST), we performed a retrospective review of the 27 gastric Vﬂflcesﬁ 2?CtefOtOPlC.P’d‘ﬂCfCaS and thCfOtOP{C
patients with suspected gastric GIST who underwent  gastric mucosa . Endoscopic ultrasonography (EUS) is
MIAB in our hospitals. Tissue samples obtained by one of the most useful modalities for diagnosing gastric
MIAB were sufficient to make a histological diagnosis ~ SMTs"™". However, it is usually not possible to differenti-
(diagnostic MIAB) in 23 out of the 27 patients, where ate GIST from benign conditions such as leiomyoma or
the lesions had intraluminal growth patterns. Alterna- schwannoma by EUS. Tissue sampling is necessary for
tively, the samples were insufficient (non-diagnostic definitive diagnosis of GIST. Endoscopic ultrasound-
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guided fine-needle aspiration (EUS-FNA) has been de-
veloped for tissue sampling of suspected GIST and is
generally accepted to be a very useful for the diagnosis
of this lesion”. When considering the diagnostic yield
of EUS-FNA for suspected gastric GIST, it is important
to evaluate whether the samples obtained are adequate
for both cytological and histological analysis, as immu-
nohistological analysis is indispensable for a definitive
diagnosis. In general, the success rate of EUS-FNA for
tissue sampling for cytology has been reported to be rela-
tively high (83%), but the success rate for histology does
not seem to be satisfactory (62%)". Therefore, there has
been an interest in exploring an alternative modality for
tissue sampling in suspected GIST.

Endoscopic submucosal dissection (ESD) has been
developed as an advanced endoscopic therapy for supet-
ficial gastric neoplasmsm and ESD has rapidly become
widely used. In this situation we have become interested
in using ESD-associated techniques for tissue sampling
of suspected GIST instead of using EUS-FNA. More
recently, Lee ¢z al” has shown the cases where the ESD-
associated technique was useful for tissue sampling of
suspected GISTs. It remains, however, to be determined
whether the ESD-associated technique would be suitable
for tissue sampling of any of suspected GISTs. Although
an official term for this procedure has yet to be deter-
mined, we have named it mucosal-incision assisted biopsy
(MIAB). We reviewed 27 cases with gastric SMTs in
which MIAB was performed to obtain biopsy specimens.
In the present study, we have shown that MIAB can be as
an alternative diagnostic modality for tissue sampling of
suspected GISTs when the lesions have an intraluminal
growth pattern. MIAB may be contraindicated in suspect-
ed gastric GISTs with an extraluminal growth pattern.

CASE REPORT

We undertook a retrospective review of the 27 patients
with gastric SMTs who underwent MIAB in our hospitals
between May 2005 and August 2011 in order to distin-
guish GIST from benign causes of SMT. An extraluminal
growth pattern was defined as growth in an extraluminal
direction with little intraluminal growth. An intraluminal
growth pattern was defined as growth in an intralumi-
nal direction, regardless of any extraluminal growth.
Informed consent was obtained from all patients before
MIAB was undertaken. MIAB was performed as follows;
In brief, 2 mucosal incision line was chosen which was
usually not directly over the lesion, for easier closure with
endoclips after the biopsy. Saline with 0.001% epineph-
rine was injected into the submucosa at the chosen inci-
sion line. A mucosal incision was made in the same way
as the circumferential mucosal incision is made for ESD,
using electrosurgical knives such as the flush knife or
needle knife, followed by catreful submucosal dissection
until a portion of the SMT was exposed. When a single
mucosal incision did not provide satisfactory exposure,
an second incision was made perpendicular to the first
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incision. Several biopsy specimens were taken under di-
rect vision using conventional biopsy forceps. The muco-
sal incisions were then closed with endoclips to prevent
post-procedutre complications including bleeding and/or
perforation. The biopsy samples obtained by MIAB were
fixed in formalin solution and stained with hematoxylin
and eosin (HE). If applicable, specimens underwent
immunohistochemical analysis. Applicable data were ex-
pressed as the mean * SE.

Characteristics of patients who underwent MIAB
Individual patient characteristics are shown in Table 1
and a summary is shown in Table 2. Fourteen females
and 13 males were included in the study, with a mean age
of 58.9 £ 2.4 years. Gastric SMT lesions were 10-36 mm
in diameter with a mean diameter of 21.2 = 1.0 mm. In
23 of the 27 patients, tissue samples obtained by MIAB
were sufficient to make a histological diagnosis (diagnostic
MIAB). We diagnosed GIST in 16 patients, leiomyoma
in 4 patients, aberrant pancreas in one patient, inflamma-
tory granuloma in one patient, and glomus tumor in one
patient. In 23 patients with diagnostic MIAB, all of the
lesions had intraluminal growth patterns. Fourteen of
sixteen patients underwent surgical resection based on a
preoperative diagnosis of GIST; the other patients (Cases
5 and 15) did not accept surgical resection and is current-
ly under close follow-up. The post-operative pathological
findings in all fourteen cases of GIST were identical to
those obtained with MIAB, including findings on HE
staining and immunohistochemical analysis. On the other
hand, four patients (Cases 17, 25-27) resulted in non-
diagnostic MIAB. In three of them, the SMT lesions had
extraluminal growth patterns. In one patient with non-di-
agnostic MIAB (Case 17), the samples obtained by MIAB
suggested a spindle cell tumor on HE staining, We could
not obtain the further pathological diagnosis. In this case,
since the lesion was growing rapidly and suspected to be
a GIST, a surgical resection was performed. As a result,
the final pathological diagnosis after surgery was a GIST
(Table 1). The mean procedure time was 32.0 £ 2.4 min
and no procedure-related complications (including un-
controlled bleeding or perforation) were observed. We
present two representative cases below.

Case 1

A 70-year-old man was referred to our hospital for evalu-
ation of a suspected gastric SMT. EGD revealed a solid,
round, protruding lesion covered with normal mucosa,
measuring about 20 mm in diameter, at the middle of the
lesser curvature of the body of the stomach (Figure 1A).
EUS with a miniature probe showed a hypoechoic mass
was observed, which originated from the 4" layer (muscu-
latis propria) (Figure 1B), confirming that the lesion was
an SMT. The lesion was thought to be a gastrointestinal
mesenchymal tumor (GIMT) such as a GIST, leiomyoma
or schwannoma. EUS findings showed an intraluminal
growth pattern. MIAB was performed to obtain biopsy
samples for histological diagnosis. Two mucosal incision
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Table 1 Characteristics of the patients with submucosal tumor who underwent mucosal-incision assisted biopsy

Case Age Sex Location of SMT Size (mm) Growth pattern Diagnosis by MIAB Post-operativediagnosis
1 70 M Body, LC 21 Intraluminal GIST GIST

2 60 M Body, LC 20 Intraluminal GIST GIST

3 55 F Angulus, LC 36 Intraluminal GIST GIST

4 73 M Body, LC 26 Intraluminal GIST GIST

5 72 F Body, LC 20 Intraluminal GIST Not applicable
6 69 F Fundus 19 Intraluminal GIST GIST

7 72 F Body, LC 23 Intraluminal GIST GIST

8 53 M Body, PW 23 Intraluminal GIST GIST

9 79 F Body, GC 24 Intraluminal GIST GIST

10 66 F Angulus, GC 22 Intraluminal GIST GIST

11 66 F Body, PW 25 Intraluminal GIST GIST

12 39 M Body, PW 15 Intraluminal GIST GIST

13 58 M Body, GC 20 Intraluminal GIST GIST

14 24 M Cardia, AW 30 Intraluminal GIST GIST

15 60 I Body, PW 10 Intraluminal GIST Not applicable
16 57 M Body, PW 20 Intraluminal GIST GIST

17 40 F Body, PW 30 Intraluminal 1S GIST

18 55 M Cardia, LC 23 Intraluminal Leiomyoma Not applicable
19 36 F Cardia, LC 19 Intraluminal Leiomyoma Not applicable
20 62 F Cardia, LC 25 Intraluminal Leiomyoma Not applicable
21 57 F Body, LC 15 Intraluminal Leiomyoma Not applicable
22 50 M Antrum, AW 20 Intraluminal Glomus tumor Glomus tumor
23 63 M Body, LC 20 Intraluminal Aberrant pancreas Not applicable
24 57 M Body, GC 20 Intraluminal Inflammatory change Not applicable
25 66 M Body, GC 15 Extraluminal IS Not applicable
26 71 F Body, LC 15 Extraluminal IS Not applicable
27 61 F Antrum, GC 17 Extraluminal 1S Not applicable

IS: Insufficient samples for diagnosis; GIST: Gastrointestinal stromal tumor; MIAB: Mucosal-incision assisted biopsy; SMT: Submucosal tumor; PW: Poste-

rior wall; LC: Lesser curvature; GC: Greater curvature; M: Male; F: Female.

Table 2 Summary of the cases which underwent mucosal-

incision assisted biopsy

Age 58.9+24 (27)
Sex Female (13)/male (14)
Location of SMT Fundus (1)
Cardia (4)
Body (18)
Angulus (2)
Antrum (2)
Size of the lesion (mm) 21.2+1.0 (27)

Growth pattern Intraluminal (24)
Extraluminal (3)
Diagnosis by MIAB GIST (16)

Leiomyoma (4)
Aberrant pancreas (1)
Inflammatory changes (1)
Glomus tumor (1)
Not diagnosed (4)

GIST: Gastrointestinal stromal tumor; MIAB: Mucosal-incision assisted
biopsy; SMT: Submucosal tumor.

lines were made perpendicular to each other to expose
the surface of the SMT (Figure 1C) and tissue samples
were successfully obtained (Figure 1D), followed by
closure of the mucosal incisions with endoclips (Figure
1E). Pathological examination of the biopsy specimens
showed a spindle cell mesenchymal tumor with abundant
hyalinized fibrous stroma on HE staining, Immunohis-
tochemical analysis was positive for c¢-Kit and CD34 and
negative for desmin, which enabled us to make a diagno-
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sis of GIST. The patient underwent sutgical resection of
the lesion. The final pathological diagnosis after surgery
was GIST with a 21 mm diameter and mitotic index less
than 5/50 HPFs, indicating a very low risk GIST accord-
ing to Miettinen e# al” (Figure 1F).

Case 25

A 66-year-old man was referred to our hospital for evalu-
ation of a suspected gastric SMT at the greater curvature
of the lower body. EGD did not initially reveal any lesion
(Figure 2A), but an SMT-like lesion was detected later
during the examination (Figure 2B). As we were unable
to detect the lesion by EUS with a miniature prove, con-
ventional EUS was undertaken, revealing a hypoechoic,
oval mass originating from the 4" layer (Figure 2C) which
was suggestive of a GIMT such as a GIST, leiomyoma or
schwannoma. The lesion had an extraluminal growth pat-
tern. MIAB was undertaken to obtain biopsy specimens
for a histological diagnosis. In this case we were unable to
expose the lesion clearly due to risk of perforation (Fig-
ure 2D and E). The lesion appeared to be covered with
normal smooth muscle of the muscularis proptia. Some
tissue samples were obtained, followed by closure of the
incision with endoclips (Figure 2F). Pathological exami-
nation of the biopsy specimens with HE staining showed
fascicles of smooth muscle cells accompanied by small
fragments of spindle-shaped cells. Immunohistochemi-
cal analysis showed that the spindle-shaped cells were
probably positive for c-Kit and CD34. These findings
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Figure 1 Case 1 of gastrointestinal stromal tumor which underwent mucosal incision assisted biopsy. A: Endoscopic image of the lesion. The lesion was
covered by normal mucosa with a bridging fold; B: Endoscopic ultrasonography imaging of the lesion with a miniature probe. The lesion was located in the 4" layer
(muscularis propria); C: Two mucosal incisions were made to expose a portion of the lesion; D: Tissue samples were obtained using biopsy forceps; E: Closure of the
mucosal incisions with endoclips; F: Pathological examination of the biopsied specimen. Immunohistochemical analysis showed that the lesion was positive for c-Kit
and CD34 and negative for desmin. The biopsy samples also contained normal smooth muscle tissue, which was negative for c-Kit and CD34 and positive for desmin.

were suggestive of GIST, but not conclusive. In this case,
MIAB was considered a non-diagnostic procedure.

DISCUSSION

In the present study, we retrospectively reviewed 27 cases
with suspected GIST, in which MIAB was undertaken to
obtain tissue samples for histological diagnosis. A defini-
tive histological diagnosis was obtained in 23 of the 27
patients (85.2 %) who had gastric SMTs with intralumi-
nal growth pattern. MIAB resulted in insufficient tissue
sampling in the other four patients. In three of them, the
SMT lesions had extraluminal growth patterns. We have
shown that MIAB can be as an alternative diagnostic mo-
dality for tissue sampling of suspected GISTs when the
lesions have an intraluminal growth pattern. MIAB may
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be contraindicated in suspected gastric GISTs with an
extraluminal growth pattern” ™",

EUS-FNA has been developed for tissue sampling
and analysis of suspected GIST and plays an important
role in making a histological diagnosis of this lesion".
Even though EUS-FNA has become the gold standard
for obtaining biopsy samples for cytological and histo-
logical analysis of suspected gastric GIST, the procedure
does not seem satisfactory. Mekky ez a/” recently re-
ported the diagnostic yield from EUS-FNA for a total of
141 patients with gastric SMTs. They reported adequate
samples in 117 of 141 cases (83%). In 29 cases of the
117 cases, however, the samples were sufficient for sug-
gestion of a diagnosis based on cytological examination,
but were inadequate for immunohistochemical analysis.
Adequate samples for histological diagnosis were there-
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Figure 2 Case 25 of submucosal tumor with an extraluminal growth pattern in which mucosal incision assisted biopsy was non-diagnostic. A: No submu-
cosal tumor (SMT)-like lesion was initially detected; B: Later during the procedure, the SMT-like lesion was detectable; C: Conventional endoscopic ultrasonography
showed that the lesion was located in the 4" layer (muscularis propria) and had an extraluminal growth pattern; D, E: Due to the risk of perforation, the lesion could
not be clearly exposed. The lesion appeared to be covered with the normal smooth muscle of the muscularis propria; F: Closure of the mucosal incision with endo-
clips. Pathological examination of the biopsy samples suggested gastrointestinal stromal tumor, but was not conclusive.

fore obtained in only 88 of 141 cases (62%). Since immu-
nohistochemical analysis is indispensable for a definitive
diagnosis of GIST, the diagnostic yield of EUS-FNA for
suspected GIST was not satisfactory. Therefore, there has
been an interest in developing an alternative modality for
tissue sampling of suspected GIST. Reasonably, we have
become interested in using ESD-associated techniques
for tissue sampling of suspected GIST instead of using
EUS-FNA as recently shown by Lee ez al”.

MIAB has the following advantages over EUS-FNA.
First, MIAB would be less costly than EUS-FNA. Al-
though both ESD and EUS-FNA require a high skill
level, ESD only needs an electrosurgical generator and
electrosurgical knives (such as the flush knife, insulation-
tipped electrosurgical knife, or grasping-type scissors
forceps'”, and does not need expensive equipment such
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as the linear echoendoscopy used for EUS-FNA. Second,
on-site cytologists are not required for MIAB, whereas
they need to be scheduled for successful EUS-FNA.
Third, when the gastric SMT proves to be a GIST, tissue
samples obtained by MIAB are large enough for patholo-
gists to calculate or estimate the Ki-67 labeling index,
which gives information about the relative risk of malig-
nant behavior. Calculation of the Ki-67 labeling index is
not possible with EUS-FNA biopsy samples. It is very
advantageous to have an indication of the risk of malig-
nant behavior of a GIST before surgical resection.

There are, however, some disadvantages and limita-
tions to MIAB. First, MIAB does not seem to be ap-
propriate for tissue sampling of gastric SMTs with an
extraluminal growth pattern. In our study, MIAB was
non-diagnostic in cases 25-27 in which the gastric SMTs
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had an extraluminal growth pattern. In contrast, EUS-
FNA is generally considered to be useful for obtaining
tissue samples of gastric SMTs regardless of growth pat-
terns. Other possible disadvantages are procedure-related
complications including bleeding and perforation. MIAB
may have a higher rate of procedure-related bleeding
than EUS-FNA, but all bleeding was easily controlled by
endoscopic hemostatic procedures in our cases. No per-
foration occurred in our cases, but extra care should be
taken to prevent perforation in cases with an extralumi-
nal growth pattern. It is not known whether procedure-
related dissemination will be a possible late complication,
but this has not been reported to date. It is important to
close the mucosal incisions appropriately with endoclips
after tissue sampling to prevent post-procedure compli-
cations.

In conclusion, although it is generally accepted that
BEUS-FNA is the gold standard for obtaining biopsies for
histological and cytological analysis of suspected gastric
GIST, MIAB may be chosen as an alternative diagnostic
modality only when the lesion has an intraluminal growth
pattern. Further studies will be required to further assess
MIAB, including randomized controlled trials to compare
MIAB with EUS-FNA.
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Abstract

Duodenal carcinoids are a rare form of neuroendocrine
tumors, and tend to invade the submucosa during the
early stage. Endoscopic treatment is generally recom-
mended for duodenal carcinoids less than 10 mm in di-
ameter. Although a few reports have described the use
of endoscopic resection of duodenal carcinoids, there
are no published studies on endoscopic mucosal resec-
tion with circumferential mucosal incision (EMR-CMI).
We performed EMR-CMI for 5 cases of duodenal carci-
noids in the duodenal bulb. The mean tumor diameter
was 4.6 £ 1.8 mm. Although all of the tumors were
located in the submucosa, RO resection was performed
without complication in each case. EMR-CMI may thus
be a safe and effective treatment for duodenal carci-
noids less than 10 mm in diameter.

© 2013 Baishideng. All rights reserved.
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Core tip: Endoscopic treatment for duodenal carcinoids
is generally recommended less than 10 mm in diameter.
Although a few reports have described endoscopic re-
section of duodenal carcinoids, there are no published
studies on endoscopic mucosal resection with circum-
ferential mucosal incision (EMR-CMI). We performed
EMR-CMI for 5 cases of duodenal carcinoids in the
duodenal bulb. The mean tumor diameter was 4.6 mm.
Although all of the tumors were located in the submu-
cosa, RO resection was performed without complication
in each case. EMR-CMI may thus be a safe and effec-
tive treatment for duodenal carcinoids less than 10 mm
in diameter.

Otaki Y, Homma K, Nawata Y, Imaizumi K, Arai S. Endo-
scopic mucosal resection with circumferential mucosal inci-
sion of duodenal carcinoid tumors. World J Gastrointest En-
dosc 2013; 5(4): 197-200 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v5/i4/197.htm DOI: http://dx.doi.
org/10.4253/wjge.v5.i4.197

INTRODUCTION

Carcinoid tumors are a rare neuroendocrine malignan-
cies that are most frequently found in the gastrointestinal
(GI) tract'”. Duodenal carcinoids account for 2%-5%
of GI carcinoid tumors, and usually present as solitary
small lesions confined to the duodenal submucosa™.
Endoscopic treatment is generally recommended for
duodenal carcinoids less than 10 mm as it is associated
with a low frequency of lymph node invasion and dis-
tant metastases” . A few reports have described the use
of endoscopic resection for the treatment of duodenal
carcinoids. However, to our knowledge, no studies have
been published to date on endoscopic mucosal resection
with circumferential mucosal incision (EMR-CMI) for
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these tumors. In this study, we described our experience
of EMR-CMI for the treatment of 5 cases of duodenal
carcinoids.

CASE REPORT

Between December 2006 and September 2012, 5 patients
(4 men and 1 woman) with a duodenal carcinoid tumor
underwent EMR-CMI at Nihonkai General Hospital.
All patients were asymptomatic, and the tumors were

incidentally detected during a screening esophago-gastro-
duodenoscopy (EGD). All procedures were performed
by a single endoscopist (Homma K), and all patients were
examined by endoscopic ultrasonography (EUS) and ab-
dominal computed tomography (CT) before EMR-CMI.
The diagnosis of carcinoid tumor was confirmed by an
endoscopic forceps biopsy. Indications for treatment
by EMR-CMI were a tumor of diameter 10 mm or less
that was confined to the submucosal layer with a clear
separation between the tumor and the muscularis propria
layer, as assessed by a 20-MHz EUS microprobe (UM2R,
Olympus, Tokyo, Japan), and no lymph node invasion or
distant metastases on abdominal CT.

After obtaining informed consent from the patient,
EMR-CMI was performed under moderate sedation with
a combination of pentazocine and flunitrazepam. A sin-
gle-channel upper GI endoscope with a water-jet system
(GIF-Q260], Olympus) was used. The procedure began
with a submucosal injection of hyaluronic acid solution
(Mucoup, Johnson and Johnson, Japan) with a 0.1 mL
mixture of 0.1% epinephrine and 0.4% indigocarmine
dye in order to maintain prolonged elevation and good
visibility. A circumferential mucosal incision was per-
formed using a SB knife Jr (Sumitomo Bakelite, Tokyo,
Japan) or Mantis Hook (Pentax, Tokyo, Japan), and an ad-
ditional submucosal injection of hyaluronic acid solution
was given beneath the lesion. The adequately raised lesion
was then ensnared using a snare (B wave; Zeon Medical,
Tokyo, Japan or K-snare; Pentax) in the same manner as
the standard polypectomy technique. After EMR-CMI,
the mucosal wound was closed with endoscopic clippings
as much as possible in order to prevent postoperative
bleeding and delayed perforation. To evaluate local recur-
rence at the resection site, periodic follow-up EGD was
performed for all patients. The average age at the time of
diagnosis was 64.2 + 10.2 years (range 47-74 years). The
tumors were located in the submucosa within the duode-
nal bulb in all cases, and the mean tumor size was 4.6 *
1.8 mm (range 3-8 mm). E# bloc resection was performed
for all patients, and no complications were observed. The
average resection time was 19.4 * 3.6 min (Table 1) and
the subsequent postoperative hospitalization period was
5 d in all patients. The median follow-up period was 13 *
8.8 mo (range 2-29 mo).

In this study, we described one of the cases in greater
detail in order to illustrate the typical endoscopic and his-
tological findings associated with these tumors (Case 1).
A 74-year-old woman presented with a carcinoid tumor
located in the anterior wall of the duodenal bulb (Figure

(49

.gu;ﬁ:m,@ WJGE | www.wjgnet.com

198

1A). EUS revealed a hypoechoic mass measuring 3 mm
in diameter, originating from the submucosal layer (Figure
1B). Abdominal CT revealed no lymph-node invasion
or distant metastases. After local injection of hyaluronic
acid solution with epinephrine and an indigocarmine dye
to the submucosa around the lesion, a circumferential
incision was performed using a SB knife Jr (Figure 2A).
En bloc resection was then performed by using a standard
polypectomy technique with K-snare (Figure 2B and C).
The mucosal defect was closed with endoscopic clip-
pings, and the entire procedure was completed in 26 min.
A negative surgical margin was confirmed histologically

(Figure 3).

DISCUSSION

Duodenal carcinoids are generally considered to be indo-

lent tumors, but because of rarity, their natural history has
not been adequately described to date'”. The metastatic
potential of duodenal carcinoids is closely dependent on
the size of the tumot. In a series of 99 duodenal carci-
noids, Burke ¢/ af” reported that the mean tumor diameter
was 18 mm (range 2-50 mm) and that metastasis was
presented in 21% of the cases. None of the patients with
tumors less than 10 mm in diameter developed metastatic
disease during a mean follow-up period of 65 mo. Zy-
romski e a/” also reported that 24 patients with duodenal
carcinoid tumors less than 20 mm remained disease free
after local excision during a mean follow-up of 46 mo. In
another author described 14% of 201 patients with duo-
denal carcinoids less than 10 mm in diameter developed
metastases, whereas this increased to 47% for patients
with tumor diameters between 21 and 50 mm'”.

In addition to the tumor size, involvement of the
muscularis propria and the presence of mitotic figures
have also been proposed as possible risk factors for me-
tastases in duodenal carcinoids”. Therefore, the accurate
assessment of invasion depth is important for a successful
treatment outcome. EUS has been reported to be an ap-
propriate method for assessing catrcinoid tumors includ-
ing duodenal lesions™ . In a seties of 36 GI carcinoid
tumors including 7 duodenal lesions evaluated by EUS,
Yoshikane ef a/” reported that the tumors were generally
visualized as hypoechoic and homogenous lesions, and the
accuracy of determining the depth of invasion was 75%.
Furthermore, when limiting this assessment to the lesions
detectable on EUS, the accuracy was as high as 90%. In
the present study, all cases were detectable on EUS and
the accuracy of determining the depth of invasion was
100%, despite the relatively small number of cases.

European guidelines recommended that duodenal car-
cinoids less than 10 mm in diameter that are confined to
the submucosa as seen on EUS should be treated by en-
doscopy in the absence of apparent lymph node invasion
and distant metastases’. However, the appropriate treat-
ment for duodenal carcinoids larger than 10 mm is still
controversial. Endoscopic treatment might be considered
in patients with a high risk of perioperative complications
because of old age or advanced comorbidity. If endos-
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Table 1 Characteristics of five patients with a duodenal carcinoid tumor

No. Age (yr) Sex Site Size (mm) Depth Time (min) En bloc resection Complication
1 74 F Bulb, anterior 3 Sm 20 Yes No
2 67 M Bulb, anterior 4 Sm 15 Yes No
& 47 M Bulb, anterior 5 Sm 21 Yes No
4 74 M Bulb, anterior B) Sm 25 Yes No
5 59 M Bulb, anterior 8 Sm 16 Yes No

F: Female; M: Male; Sm: Submucosa.

Figure 1 Endoscopic and endoscopic ultrasonography findings. A: Endoscopic image showing an elevated lesion in the anterior wall of duodenal bulb; B: Endo-
scopic ultrasonography image of the lesion, a 3 mm hypoechoic mass lesion that was located in the submucosal layer.

Figure 2 Endoscopic image showing the endoscopic mucosal resection with circumferential mucosal incision procedures. A-C: The entire lesion was re-
moved en bloc.

Figure 3 Histopathologic assessment of the resected specimen. A: Macroscopic view of the resected specimen; B: Well-differentiated neuroendocrine tumor was
confined to the submucosa (hematoxylin and eosin, original magnification x 20).
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copy is deemed unsuitable, laparoscopic techniques could
be a suitable alternative! .

Several endoscopic approaches have been reported
for the treatment of carcinoid tumors. Endoscopic re-
section of carcinoid tumors with polypectomy or strip
biopsy with grasping forceps is sometimes associated
with margin involvement and crush injury of the resected
specimensmm. EMR with band ligation, which is clinically
accepted for RO resection method for carcinoid tumors in
the rectum, has been scarcely reported in the duodenal le-
sions, and its safety profile for the treatment of duodenal
carcinoids is unknown'"". We believe that duodenal wall
is thin, and band ligation of duodenal wall has a potential
risk of muscular involvement. Endoscopic submucosal
dissection, which is an emerging technique for the treat-
ment of superficial GI lesion, has high perforation rates
for the treatment of duodenal carcinoids (Suzuki ez o',
2/3 petforations, Matsumoto e# a™; 2/5 petforations).
Meanwhile, EMR-CMI was originally introduced as a pre-
ferred technique for large colonic lesions by Moss e/ al™,
They reported that EMR-CMI resulted in deeper submu-
cosal resections histologically compared to conventional
EMR, which would be a preferred feature for the resec-
tion of duodenal carcinoids originating from the submu-
cosa. In the present study, in which the tumors originated
from the submucosa, RO resection was successfully com-
pleted in all of the cases without any complications. We
believe that adequate injection of hyaluronic acid solution
into the submucosa and careful mucosal incision using a
scissor-type knife was key to perform EMR-CMI safely.
The average resection time, of nearly 20 min, was consid-
ered to be a safe even for older patients.

In conclusion, EMR-CMI may be a safe and effective
approach for the treatment of duodenal carcinoids less
than 10 mm in diameter in the absence of lymph node
invasion or distant metastases. We hope that further clini-
cal studies will help to verify these findings.
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Abstract

Our Letter to the Editor, related to the article “Small
bowel capsule endoscopy in patients with cardiac pace-
makers and implantable cardioverter defibrillators:
Outcome analysis using telemetry” by Cuschieri et a/,
comments on some small errors, that slipped into the
authors discussions. The given informations concerning
the pacemaker- and implantable cardioverter defibrilla-
tors modes were inaccurate and differ between the text
and the table. Moreover, as 8 of 20 patient’s pacemak-
ers were programmed to VOO or DOO (“interference
mode”) and one patient was not monitored by telem-
etry during capsule endoscopy, 9 of 20 patients (45%)
lack the informations of possible interference between
capsule endoscopy their implanted device. Another ob-
jection refers to the interpretation of an electrocardio-
gram (figure 1, trace B) presented: in contrast to the
author’s opinion the marked spike should be interpreted
as an artefact and not as “undersensing of a fibrillatory
wave”. Finally, three comments to cited reviews were
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not complete respectively not quoted correctly.

© 2013 Baishideng. All rights reserved.
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TO THE EDITOR

In our petrception, small errors crept in the interesting at-
ticle by Cuschieri e al" “Small bowel capsule endoscopy in
patients with cardiac pacemakers and implantable cardio-
verter defibrillators: Outcome analysis telemetry review”.
Therefore it should be subject to the following comments.

First of all, the informations concerning the pace-
maket-/implantable cardioverter defibrillators (ICD)-
modes, the devices were programmed into during the
small bowel capsule endoscopy (SBCE), given in table 1
differ from the informations in the text: whereas the text
referring to table 1 contents the information, that “three
were set to DDD, six to DDDR, one to DOO, four to
VOO, one to VVIR, and one to AAI—-DDD (table 1),
the presented table 1 shows three set to DOO, no one
was set from AAT to DDD and five were set to VOO
[Pacemaker-Code (North American Society of Pacing
and Electrophysiology-NASPE and British Pacing and
Electrophysiology Group-BPEG: the first letter identi-
fies the chamber paced, the second letter identifies the
chamber sensed: V - ventricular, A - atrial, D - dual; the
third letter identifies the response to sensing: I - inhib-
ited, T - triggered, D - dual; the fourth letter identifies
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the response rate (R)]. The error may partially result from
the fact, that the authors did not clearly understand the
different meaning of the “—” and the “>” arrows. “AAl
<> DDD” does not mean a change in programming, but
describes a novel pacemaker function, allowing to change
from the AAI- to the DDD-mode automatically, if nec-
essary, and it describes the “managed ventricular pacing”
function in Medtronic-pacemakers.

As a second remark, the study included 20 patients, in
8 of whom the pacemaker were programmed to VOO or
DOO. In these modes (“interference mode”), pacemakers
revert to noise-mode function stimulating the ventricle
(VOO) or atrium and ventricle (DOO) without sensing
the native thythm. Additionally, one patient (DDD-Mode,
table 2) was not monitored during capsule endoscopy
(CE). Consecutively, in 9 of 20 patients (45%) the ques-
tion of the study, in how far SBCE would influence pace-
makers, could not be answered, as the pacemakers cannot
be influenced at all. Considering to our study” without
evidence of interference between CE and implantable
cardioverter defibrillators (ICDs) it remains unclear, why
the sensing function of the ICDs was turned off.

The third objection refers to the spike in figure 1,
trace B, preceding the third (narrow) QRS-complex:
QRS-complexes # 4, 5 and 6 are cleatly stimulated, prov-
ing that ventricular stimulation works well in this patient.
So the stimulus preceding QRS-complex 3 cannot be a
ventricular one, because it should be able to capture the
ventricle. There is no pacemaker-system available with
mode switching to AAI or AOO. So if mode switch was
the reason for this spike, it must stimulate the ventricle.
Moteover: the orientation of this “spike” is exactly an-
tipodal (positive in lead 1, negative in lead 2) compared
with the orientation of the effective ventricular spikes
(negative in lead 1, positive in lead 2), this is most unlikely
in conventional holter/telemetry recordings, usually you
find same polarities for atrial and ventricular spikes in
sutface electrodes. So this “spike” should be interpreted
as an artefact.

In two patients, the authors assumed “inappropriate
pacer spikes due to undersensing of very subtle atrial
fibrillation”, and they mentioned, that similar episodes
were documented before and after CE. In this context,
it would be interesting, if those patients suffered from
paroxysmal, persistent or permanent atrial fibrillation. In
the opinion of the authors “the mostly likely possibility
is that the thresholds for atrial pacing were set too high”.
According to this presumption, further details to the
programming of the pacemakers should have been pre-
sented.

Another concern against the study of Cuschieri ¢z /"
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is that there is only a few number of patients left (11/20)
for the (real) investigation of interference between CE
and devices to be able to derive their conclusions from
their data.

Finally, there are three comments to the cited refer-
ences: (1) The radiated power of CE is mentioned with
50 nW. The reference cited in this connection is wrong,
CE is not mentioned in this article”; and (2) In our study
for interference between CE and ICDY, we “electrically
simulated the situation in a patient®. The pacemakers
and CE were placed in a saline solution (resistivity cor-
responding to that of low frequency range of muscle
tissue), not water, in analogy to a study, in which the
interference behaviour of mobile phones with respect
to pacemakers was investigatedm; and (3) The authors
discuss that “it is conceivable that the site of entry for
the noise signals is the unshielded part of the connector
block which could occur, as the swallowed CE passes
posterior to the heart while descending through the es-
ophagus, consisting with studies on mobile phones”, as a
possibility for interference between CE and devices. Cit-
ed references for this hypothesis are the study of Dubner
et al® and our studym. In none of the cited studies mobile
phones were used.
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Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbteviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: # ime ot temperature, ¢ concentration, A area, /length,
m mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wignet.com/esps/NavigationInfo.aspxrid=15
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RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited. The
revised version, along with the signed copyright transfer agreement,
responses to the reviewers, and English language Grade A certifi-
cate (for non-native speakers of English), should be submitted to
the online system via the link contained in the e-mail sent by the
editor. If you have any questions about the revision, please send
e-mail to esps@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for re-
vision. (1) Grade A: priority publishing; (2) Grade B: minor language
polishing; (3) Grade C: a great deal of language polishing needed;
and (4) Grade D: rejected. Revised articles should reach Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-5190/g_info_20100107134847.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1948-5190/
g info_20100107134601.htm.

Proof of financial support
For papers supported by a foundation, authors should provide a copy
of the approval document and serial number of the foundation.

Links to documents related to the manuscript

IW]GE will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Publication fee

IW]GE is an international, peer-reviewed, OA online journal. Articles
published by this journal are distributed under the terms of the
Creative Commons Attribution Non-commercial License, which
permits use, distribution, and reproduction in any medium and
format, provided the original work is properly cited. The use is
non-commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. Publica-
tion fee: 600 USD per article. All invited articles are published free
of charge.
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