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Abstract

Neuroendocrine neoplasms (NENs) of the stomach, duo-
denum, appendix or rectum that are small (< 1 cm) and
well differentiated can be considered “early” tumors, sin-
ce they generally have a (very) good prognosis. In the
new WHO classification of 2010, these neoplasms are
called neuroendocrine tumors/ carcinoids (NETs), grade
(G) 1 or 2, and distinguished from poorly differentiated
neuroendocrine carcinomas (NECs), G3. NETs are in-
creasing, with a rise in the age-adjusted incidence in
the U.S.A. by about 700 % in the last 35 years. Im-
proved early detection seems to be the main reason for
these epidemiological changes. Both the better general
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availability of endoscopy, and imaging techniques, have
led to a shift in the discovery of smaller-sized (< 10-20
mm) intestinal NETs/carcinoids and earlier tumor stages
at diagnosis. Endoscopic screening is therefore effective
in the early diagnosis, not only of colorectal adenocar-
cinomas, but also of NETs/carcinoids. Endoscopic re-
moval, followed up with endoscopic surveillance is the
treatment of choice in NETs/carcinoids of the stomach,
duodenum and rectum that are < 10 mm in size, have
a low proliferative activity (G1), do not infiltrate the mus-
cular layer and show no angioinvasion. In all the other
intestinal NENs, optimal treatment generally needs sur-
gery and/or medical therapy depending on type, biology
and stage of the tumor, as well as the individual situa-
tion of the patient.

© 2011 Baishideng. All rights reserved.

Key words: Neuroendocrine tumor; Carcinoid; Stomach;
Duodenum; Gut; Appendix; Rectum; Small size; Progno-
sis; Treatment

Peer reviewers: Varut Lohsiriwat, MD, Department of Sur-
gery, Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Bangkok 10700, Thailand

Scheriibl H, Jensen RT, Cadiot G, Stolzel U, Kloppel G. Manage-
ment of early gastrointestinal neuroendocrine neoplasms. World J
Gastrointest Endosc 2011; 3(7): 133-139 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v3/i7/133.htm DOI:
http://dx.doi.org/10.4253/wjge.v3.i7.133

INTRODUCTION

Gastrointestinal neuroendocrine neoplasms (NENs) have
received much attention in recent years with regard to their
diagnosis, classification, incidence, prognosis and treat-
ment'. The most recent achievement is the new WHO
classification, which appeared in the second half of 2010.

July 16,2011 | Volume 3 | Issue 7 |
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Table 1 Comparison of the WHO classification 2010 for

gastroenteropancreatic neuroendocrine neoplasms with
previous WHO classifications

WHO 1980 WHO 2000 WHO 2010
I Carcinoid WDET* NET
G1 (carcinoid)
G2°
WDEC"
PDEC NEC
G3
Large cell or small
cell type
MEEC MANEC
II Pseudotumour lesions TLL Hyperplastic

and preneoplastic
lesions

G: Grade (for definition, see text and table 2); “In case that the Ki67
proliferation rate exceeds 20%, this NET may be graded G3. WHO: World
Health Organization; WDET: Well-differentiated endocrine tumor; WDEC:
Well-differentiated endocrine carcinoma; MEEC: Mixed exocrineendocrine
carcinoma; TLL: Tumour-like lesions; NET: Neuroendocrine tumor;
NEC: Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine
carcinoma.

In essence, this classification stratifies the pure gastroen-
teropancreatic (GEP)-NENs into three groups (Table 1):
neuroendoctine tumors (NETS, equivalent to carcinoids)
that are well differentiated and graded according to their
proliferative activity into G1 or G2 (Table 2), and neuroen-
docrine carcinomas (NECs) that are pootly differentiated
and graded as G3. The poorly differentiated NECs are divi-
ded into small cell and large cell neoplasms. Staging of tu-
mor extension according to the available TNM classifica-
tions of ENETS™ and AJCC/UICC" leads to a further
stratification of NETs and NECs. The neoplasms that
show non-endocrine components (usually adenocarcinoma
structures) in addition to a considerable number of neuro-
endocrine cells (exceeding at least 30% of all tumor cells),
are distinguished from the pure neuroendocrine neopla-
sms, and called mixed adeno-neuroendoctine carcinomas
MANECQC).

Gastrointestinal NETs/carcinoids are on the rise™. In
the US.A., the prevalence and the incidence of gastroin-
testinal NETs/carcinoids has recently been calculated to
be 35/100 000 and 5/100 000, respectively”, revealing a
7-fold increase in the last 35 years. Similar observations
have been reported from England™ and Norway”. The
most obvious reason for this phenomenon is a better awa-
reness of, and improved diagnostic strategies, for NENs,
and an increased and more widespread use of gastrointes-
tinal endoscopy™ ™.

The overall 5-year-survival rate for patients with gas-
trointestinal NETs/carcinoids has improved by almost
20% in the last 35 years""™. This achievement is largely due
to eatly detection, as gastrointestinal NETs/carcinoids ate
nowadays more frequently diagnosed at an eatly asympto-
matic stagem, notably tumors with a size below 10 mm and
a G1 differentiation. Due to a lack of controlled prospec-

5>

tive studies the management of these “eatly” gastrointesti-
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Table 2 Grading of gastrointestinal neuroendocrine

neoplasms according to proliferative activity®

Grade Ki-67 index (%)"°
Gl <2
G2 3-20
G3 >20

*Modified according to reference>"; "MIB1 antibody, % of 100 tumor cells
in areas of highest nuclear labeling.

nal NETs/carcinoids has been a matter of debate. Here we
review the retrospective data from large national registries
and large hospital series, mainly from Japan, the US.A.
and Korea.

RISK STRATIFICATION AND PROGNOSIS
OF GASTROINTESTINAL NEN DISEASE

The risk of metastatic disease of gastrointestinal NENs
correlates with histological differentiation (well or poortly
differentiated), proliferative activity (G1-3, Table 2), tumor
size, depth of tumor infiltration and angioinvasion. The re-
cently introduced and generally accepted histological grad-
ing of gastrointestinal NENs (G1-G3) by the WHO is of

major prognostic and therapeutic relevance (Table 2).

Prognosis of gastric NETs/carcinoids

At present, the most common of the gastric NENs, the
type 1 (Table 3), is mostly diagnosed at an eatly stage, with
80%-90% of them being < 1 cm in diameter"”. These
small tumors only rarely cause specific symptoms; in most
instances they are found incidentally during a gastroscopy
being performed for another reason, such as anemia, reflux
symptoms or other non-specific abdominal symptoms. Ty-
pe 2 gastric NENS, similar to type 1 (Table 3) are usually
detected at an early stage, and thus have an excellent long
term prognosis. For all gastric carcinoids the prognosis has
much improved™*** with the proportion with advan-
ced tumor stages at diagnosis decreasing from 23.8% in
the 1950s and 1960s to 6.5%-7.9% in the 1990s, suggesting
that carly diagnosis is contributing to patients’ improved
survival. In Japan, the rate of advanced stages at diagnosis
today is as low as 5.1%"". The 5-year-survival rate of pa-
tients with gastric NENs has improved from 51% in the
1970s and 1980s to 63% in the 1990s°*"*. According to a
recent analysis of the SEER data by Landry ¢ a”" the 5-
year-survival is now up to 71%.

Small (< 1cm), well-differentiated (G1) carcinoids/
NETs of the stomach that do not infiltrate the musculatis
propria and do not show angioinvasion have been shown
to have a very low risk of distant metastatic spread or car-
cinoid-related death; they are considered eatly NETs/ car-
cinoids of the stomach.

Prognosis of NETs/carcinoids of the small bowel

In the small bowel, ileal NETSs/carcinoids are most fre-
quently found (> 70%), but recent data show that the NE-

July 16,2011 | Volume 3 | Issue 7 |
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Table 3 Clinicopathological characteristics of gastric neuroendocrine neoplasms

[4,23-26]

Gastric NETs/carcinoids

Gastric NECs (poorly

differentiated NENs)
Type 1 Type 2 Type 3 Type 4
Relative frequency 70%-80% 5%-6% 14%-25% 6%-8%
Features Mostly small (< 1-2 cm) Mostly small (< 1-2 cm) Solitary Solitary mostly exulcerated,
and multiple and multiple often > 2 cm >2cm
Associated conditions CAG MEN1/ZES No No
Histology Well differentiated Well differentiated Well/moderate differentiated* Poorly differentiated
G1 G1 G2 G3
Serum gastrin (Very) high (Very) high Normal (Mostly) normal
Gastric pH Anacidic Hyperacidic Normal (Mostly) normal
Metastases <10% 10%-30% 50%-100% 80%-100%
Tumor-related deaths no < 10% 25%-30% = 50%

NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma; CAG: Chronic atrophic gastritis, due to pernicious anemia or Helicobacter pylori infection;
MENT1: Multiple endocrine neoplasia typel; ZES: Zollinger-Ellison syndrome; MEN1/ZES: ZES associated with MEN1; G1-3 histological differentiation: see
Table 2; ENETS and NANETS nomenclature are identical for G1 and G3 grading: G1: Well differentiated; G3: Poorly differentiated. For G2 grading ENETS and
NANETS nomenclature differ: *ENETS-nomenclature: G2: Well-differentiated; "NANETS-nomenclature: G2: Moderate differentiated (modified from Schertibl

et al™)

Ts of the duodenum are nowadays more common (22%o)
than previously noted””. Regarding prognosis, the 5-year
survival rate has risen from 51.9% in the 1970s and 1980s
to 60.5% in the 1990s"". In an analysis of the years 1999-
2004, Strosberg ez a/ reported a 5-year survival rate of about
75% in patients with metastatic NET/ carcinoid disease of
the small intestine, receiving multimodal therapym. An ear-
lier detection of all NETS of the small bowel may have led
to improved prognosis[w’ls], since the proportion of advan-
ced disease of small intestine NETS (at the time of diagno-
sis) has decreased from 31.3% in the 1970s and 1980s, to
22.4% in the 1990s and finally to < 18.9% in the years be-
tween 2002-20047"%"1 \Yith duodenal NETs/ carcinoids,
distant metastases are nowadays observed in less than 6%-
10% of the cases"””"***" If duodenal NETs/carcinoids
are < 10 mm in size, are G1, show neither angioinvasion
nor infiltration of the muscular layer, and have no associ-
ated hormonal syndrome, they have a very low metastatic
potential and can be considered “early” duodenal NETs/
carcinoids. In contrast, duodenal gastrinomas (i.e. duode-
nal NETs/catrcinoids associated with a Zollinger-Ellison
syndrome (ZES), with or without multiple endocrine neo-
plasia 1) as well as jejunal/ileal NETs/ carcinoids of only a
few millimeters in size, may already have spread to locore-
gional lymph nodes and/or distant organs such as the liv-
et. Thus, neither for jejunal/ileal NETs/carcinoids nor for
duodenal ZES/gastrinomas, is the term “eatly” appropri-
ate, and should not be used.

Prognosis of rectal NETs/carcinoids

Because of the introduction of colorectal cancer screening,
the vast majority (85%-100%) of rectal NETSs/carcinoids
are nowadays detected at an carly stage (Table 4). This
has improved patients’ 5-yeat-survival rate by more than
20%",

The 5-year-survival rate of rectal NETs/carcinoid pati-
ents with distant metastases ranges between 15%-30%"""",
For nodal-positive rectal carcinoid disease (without distant
metastases detected at the time of diagnosis) the 5-year-
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Table 4 Impact of endoscopic screening on the size of

detected rectal NENs/carcinoids""*!

Size of the primary  Without screening (%) Endoscopic screening (%)

<10 mm 65-80 93.3-100
11-20 mm 10-22 0-6.7
>20 mm 10-15 0

survival rate is 54%-73%""*Y, In contrast, histologically
nodal-negative rectal NETs/carcinoids that are < 1 c¢m
in size and do not show angioinvasion or infiltration of
the muscular layer have an excellent 5-yeat-survival rate of
98.9%-100%""""", These rectal NETs/ carcinoids may
be regarded as “eatly” tumors.

The tisk of lymph node metastases of rectal NETs/cat-
cinoids is not lower than the metastatic risk of rectal adeno-
carcinoma of the same size”*”. Interestingly, neither is
the prognosis of patients with metastatic rectal NET/car-
cinoid disease better than that of patients suffering from
metastastic rectal adenocarcinoma of the same size 'Y,

The clinical significance of histological lymph node in-
volvement in G1-G2 differentiated rectal NETs/carci-
noids of 1-2 cm in size is not well studied and therefore not
known, at least not in Western countries. Current guide-
lines published by NANETS do not recommend follow-up
of patients with well-differentiated rectal carcinoids/NETs
of 1-2 cm in size that have been completely resected and
that had not invaded the muscular layer”™. Yet ENETS re-
commends further surveillance of these patients when an-
gioinvasion or invasion of the muscular layer or G2 grading

have been reported””.

DIAGNOSIS OF EARLY NETS/
CARCINOIDS OF THE STOMACH,
DUODENUM OR RECTUM

Endoscopic screening and the increasingly widespread

July 16,2011 | Volume 3 | Issue 7 |
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availability of gastrointestinal endoscopy have led to a
shift in the discovery of smaller-sized (< 10-20 mm) gas-
trointestinal carcinoids/NETs at the time of diagnosis.
Most of these tumors are asymptomatic, but occasionally
they may present with abdominal discomfort, gastrointe-
stinal bleeding, altered bowel habits or in the case of an am-
pullary NET with jaundice. If they present with hormonal
hypersecretion syndromes, as for instance as duodenal gas-
trinomas associated with ZES (see above), they have often
already spread to the regional lymph nodes, despite their
small size. These functional intestinal NETs that almost ne-
ver represent “early” tumors, will not be discussed here in
detail (see recent reviews).

Endoscopy is the only method of choice to detect (asy-
mptomatic) gastric, duodenal or rectal NETs/carcinoids
at an carly stage. So far there are no data available con-
cerning the sensitivity and specificity of radiological and
scintigraphic imaging techniques to visualize eatly gastric,
duodenal or rectal NETs/ carcinoids (Figure 1).
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Figure 1 Endoscopic images of early gas-
trointestinal NETs/carcinoids. A: Multiple
small (< 1 cm), well differentiated (G1) type 2
gastric NETs/carcinoids associated with Zollin-
ger-Ellison-syndrome (ZES) and multiple
endocrine neoplasia type 1 (MEN1); B: Multi-
ple small (< 1 cm), well differentiated (G1) type
1 gastric NETs/carcinoids associated with auto-
immune chronic atrophic gastritis and perni-
cious anemia; C: 8 mm measuring NET/car-
cinoid in the duodenal bulb (C1). Endoscopic
ultrasound shows the infiltration of mucosa and
submucosa (C2). The duodenal NET/carcinoid
exhibits a low echogenic pattern on EUS; D:
10 mm measuring NET/carcinoid of the rectum
(D1). 7 mm measuring NET/carcinoid of the
rectum (D2). Modified from reference"".
NETs: neuroendocrine tumors; EUS: Endosco-
pic ultrasound.

THERAPY OF EARLY
GASTROINTESTINAL NETS/CARCINOIDS

For eatly NETs/carcinoids of the stomach, duodenum or
rectum, the treatment of choice is endoscopic resection.
For the treatment and management of more advanced
NETs/carcinoids, all the prognostically relevant parame-
ters (see below) have to be taken into account. Best pallia-
tive therapy is required for far advanced tumor disease.

Stomach, duodenum and rectum

Small (< 1 cm), well-differentiated (G1) NETSs/ carcinoids
of the stomach, duodenum or rectum that do not infil-
trate the muscularis propria and do not show angio-inva-
sion have a very low risk of metastatic spread, i.e. they are
considered early NETSs/carcinoids of the stomach, duo-
denum or rectum. Endoscopic ultrasound is excellent for
determining exact tumor size and to exclude infiltration
of the NETs/carcinoids into the muscular wall (muscularis

July 16,2011 | Volume 3 | Issue 7 |



Table 5 Therapy of gastric NENs Table 7 Therapy of rectal NENs

No risk factors (for metastatic disease) risk factors’

No risk factors (for metastatic disease) Risk factors®

Size <lcm 1-2cm

Typel Surveillance” EMR followed by surveillance Surgery*
optionally EMR

Type?2 Surveillance” EMR followed by surveillance Surgery*

Type3 EMR Surgery® Surgery®

Typed - = Surgery*

“risk factors for metastatic disease are angioinvasion or G2-G3 histological
grading or infiltration of the muscularis propria or tumor size > 2cm;
"somatostatin analogs are being tested in ongoing clinical trials, they
should not be used except in clinical trials; “followed by endoscopic
surveillance of the gastric remnant. Adjuvant (medical) therapy is not
established in NET/ carcinoid disease; ‘surgery in localized type 4 gastric/
d NEC disease (or systemic cytoreductive chemotherapy in advanced type
4 gastric NEC disease). Type 4 gastric NECs are never benign, they are
neuroendocrine carcinomas. EMR: Endoscopic mucosal resection; NENs:
Neuroendocrine neoplasms.

Table 6 Therapy of duodenal NENs

Type <1cm 1-2 em’ Any size but
risk factors
Sporadic EMR Surgery (in case Surgery
NET (no of surgical risk:
gastrinoma, EMR followed by
no MENT1 ) surveillance)
Sporadic Surgery® Surgery® Surgery*
gastrinoma
Gastrinoma PPI therapy and  Surgery (particularly  Surgery (or
and MEN1 surveillance (or if the gastrinoma PPI therapy
surgery) is growing) or PPI  combined with
therapy combined  surveillance
with surveillance in G1
gastrinomas
and/or
surgical risk)
NEC (G3) - - Surgery or
cytoreductive
chemotherapy

*without risk factors (for metastatic disease) such as G2-G3, angioinvasion,
infiltration of the muscularis propria or tumor size > 2 cm; “in the presence
of risk factors for metastatic disease, surgery is generally indicated,
regardless of tumor size; ‘Surgery is the therapy of choice for sporadic
gastrinoma (without distant metastases). In (very) elderly patients
conservative management may, however, be preferred to surgery. Adjuvant
(medical) therapy is not established in NET/carcinoid disease. NET: Well
differentiated neuroendocrine tumor; EMR: Endoscopic mucosal resection;
PPI: Proton pump inhibitor; MEN1: Multiple endocrine neoplasia type 1.

propria). Endoscopic ultrasound is not mandatory for NE-
Ts/carcinoids measuring less than 1 c¢m, because those do
generally not infiltrate the muscular layer. Early, G1-dif-
ferentiated NETs/carcinoids of the stomach, duodenum
ot rectum should be removed by endoscopic polypectomy
ot by endoscopic mucosal resection (EMR). In eatly rectal
NETS/ catcinoids endoscopic submucosal dissection (ES-
D) may be considered, too. The resected specimen has to
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Grade/Size <1.0cm 11-2cm Any size
Gl EMR or polypectomy Surgery” (EMR or ESD  Surgery”
or ESD in case of surgical risk
or for carcinoids of
11-14 mm in diameter)
G2 EMR, ESD, surgery” Surgery” Surgery”
G3 - - Surgery”

‘risk factors for metastatic disease are angioinvasion or infiltration of the
muscularis propria, or tumor size of > 2cm; *surgery only in localized NET/
NEC disease and systemic medical therapy in advanced tumor/cancer
disease. Adjuvant medical therapy is not established for curatively resected,
well-differentiated NETs/carcinoids of the rectum. G3 neuroendocrine
neoplasms of the rectum are always neuroendocrine carcinomas. EMR:
Endoscopic mucosal resection; ESD: endoscopic submucosal dissection;
NENSs: Neuroendocrine neoplasms.

be carefully evaluated for grade, angioinvasion, and infil-
tration of the deep resection margin. In case of angio-
invasion, histological infiltration of the muscular wall or
grade G2/G3, surgery is the first line therapy. The manage-
ment of G1 NETs/carcinoids of 1-2 cm in size is a mat-
ter of debate!""", Unfortunately, there are no controlled
prospective studies available that have compared the endo-
scopic to the surgical approach for these 1-2 cm sized cat-
cinoids/NETs. Due to the patticulat tumor biology of G1
NETs/carcinoids (of 1-2 cm in size) the endoscopic ap-
proach should be preferred to surgery in patients with sig-
nificant comorbidities and, in eldetly patients, a (high) sur-
gical risk. No adjuvant therapy has been established for
curatively resected, G1-G2 gastrointestinal NETSs/ carci-
noids. Analogous to the situation of small cell or large
cell neuroendocrine cancer disease of the lungs, cytoredu-
ctive chemotherapy is generally recommended for gastroin-
testinal NECs (G3 neuroendoctine carcinomas). G3 NE-
N are never “early” and almost always metastatic at diag-
nosis. The specific therapeutic strategies for eatly NETs/
carcinoids of the rectum, duodenum and stomach atre

outlined in Table 5-7.

APPENDIX

Appendiceal NENs are usually NETSs/carcinoids that are
found incidentally in (young) patients undergoing appen-
dectomy for suspected acute appendicitis. The term “eatly
appendiceal NET/carcinoid” may be considered for the
tumors that are G1, measure < 10 mm, show no angioin-
vasion, are confined both to the tip of the appendix and
to the wall (without invasion of the mesoappendix) and
have been completely (R0) removed. Such eatly appendi-
ceal carcinoids have a very low risk of distant metastatic
spread. Neither ENETS nor NANETS recommend fur-
ther surveillance of patients with these carly appendiceal
tumors”*”, The management of other appendiceal carci-
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noids/NETs is not discussed here; we refer to recent revi-

ew and guideline papersm’”].

CONCLUSION

New diagnostic techniques have led to increasingly eatly
recognition of eatly gastrointestinal NETs/ carcinoids. The

general widespread use and availability of gastrointestinal
endoscopy has led to a shift in the discovery of smaller-
sized (< 10-20 mm) gastrointestinal NETs/carcinoids at
the time of diagnosis. In the last 35 years, the overall 5-yeat-
survival rate of patients with gastrointestinal carcinoid/
NEN disease has increased by almost 20%. Most patients
with early, well differentiated (G1) NETSs/carcinoids of
the stomach, duodenum and rectum can be treated conser-
vatively, and be followed-up by endoscopic surveillance. It
should be noted that patients with (previous) NET/carci-
noid disease have a 15%-25% risk for second malignancies
including breast, prostate, colorectal or gastric cancer.
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Abstract

Endoscopic retrograde cholangiopancreatography (ERCP)
is an important tool for the diagnosis and treatment
of the hepatobiliary system. The use of fluoroscopy to
aid ERCP places both the patient and the endoscopy
staff at risk of radiation-induced injury. Radiation dose
to patients during ERCP depends on many factors, and
the endoscopist cannot control some variables, such as
patient size, procedure type, or fluoroscopic equipment
used. Previous reports have demonstrated a linear rela-
tionship between radiation dose and fluoroscopy dura-
tion. When fluoroscopy is used to assist ERCP, the shor-
test fluoroscopy time possible is recommended. Pulsed
fluoroscopy and monitoring the length of fluoroscopy
have been suggested for an overall reduction in both
radiation exposure and fluoroscopy times. Fluoroscopy
time is shorter when ERCP is performed by an endo-
scopist who has many years experience of performing
ERCP and carried out a large number of ERCPs in the
preceding year. In general, radiation exposure is greater
during therapeutic ERCP than during diagnostic ERCP.
Factors associated with prolonged fluoroscopy have been
delineated recently, but these have not been validated.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
1s an important tool for the diagnosis and treatment of the
hepatobiliary system. Recent data indicate that ERCP is
becoming a major therapeutic strategy for biliary disease in
developed and developing countries. In the diagnosis pro-
cess, MRCP is generally preferred to ERCP. Duting the per-
formance of ERCP, a large number of X-ray fluoroscopy
and digital radiographs are performed, making it an inter-
ventional radiological (IR) procedure. ERCP is highly tech-
nical and depends on endoscopist’s experience. High quali-
ty ERCP outcomes and limitation of ERCP-related com-
plications depend on good training, The use of fluorosco-
py to aid ERCP, places both the patient and the endoscopy
staff at risk of radiation-induced injury“’zl. It is essential
to establish the appropriate conditions for radiography in
all circumstances, in order to avoid unnecessary exposure
of patients and staff to potentially harmful radiation. This
means that precautions should be taken to keep the radia-
tion dose to both the personnel participating in ERCP pro-
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cedures and to patients as low as reasonably achievable
(ALARA principle).

The identification of predictive factors of fluoroscopy
time and radiation exposure to patients undergoing ERCP
are beyond the scope of this guideline.

DEFINING RADIATION QUANTITIES

X-rays consist of ionizing radiation, such as gamma rays,
emitted by radioactive substances. They cause ionization in
the medium through which they pass. The ionization pro-
duced can lead to DNA damage or cell death. Radiation ef-
fects are broadly divided into two categories: deferministic ef-
Jects (e.g. cataract formation, infertility, skin injury, and hair
loss); and stochastic effects (cancer and genetic effects). The
harm depends on the amount of radiation absorbed by the
body, known as the radiation dose ot, simply -dose.

There are two types of expression for quantities of
radiation, those that express the concentration of radiation
at some point, or to a specific tissue or organ, and those
that express the total radiation delivered to a body.

Exposure indicators usually measured in ERCP are
absotrbed dose, as a measute of radiation concentration,
two measures of total radiation (effective dose and dose-
area product) and fluoroscopy time.

Absorbed dose is the measure used to quantify the
concentration of radiation energy actually absorbed in a
specific tissue. This is the measure that is most directly rela-
ted to biological effects. Dose values can be in the tradi-
tional unit of the rad or the SI unit of the gray (Gy).

Effective dose is a very useful radiation quantity for
expressing relative risk to humans, both patients and other
personnel. It is actually a simple and very logical concept,
and is expressed as joules per kilogram (] kg-1), expressed
in the SI unit of the sievert (Sv). For the purpose of de-
termining effective dose, the different areas and organs
have been assigned tissue weighting factor (wr) values. It
is generally assumed that the exposure to natural back-
ground radiation is somewhat uniformly distributed over
the body. Since the tissue Wr for the total body has the
value of one (1), the effective dose is equal to the ab-
sorbed dose.

Effective dose (Sv)= Absorbed dose (Gy) X Wr (1)

Dose-area product (DAP) provides a good estimation
of the total radiation energy delivered to a patient during
a procedure and is strongly correlated to the fluoroscopy
time. It is the most practical measure for monitoring the
radiation delivered to patients. DAP is just the product of
the air kerma ,in Gy or mGy, and the exposed area in cm”
(Gy-cm”)(Figure 1).

RADIATION DOSE MONITORING IN ERCP

Radiation dose monitoring in patients undergoing diagno-
stic or IR procedures has been widely adopted in clinical
practice, but data on patient doses during ERCP ate very
scarce””,

Gastroenterologists who are involved in ERCP proce-
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‘ Fluoroscopic and/or x-ray equipment ‘

Radiation quantities ﬁ
Concentration Total radiation

Fluoroscopy time Efective dose (Sv)
Absorbed dose (Gy) ‘ Dose-area product (Gy-cm?) ‘

Figure 1 Radiation quantities used in endoscopic retrograde cholangiopan-
creatography

dures may work at specialized centres and may perform
multiple procedures daily. In all circumstances in which
fluoroscopic and/or x-ray equipment is used, gastroen-
terologists should minimize the risks to patients, them-
selves, and other members of the staff™*". The amount
of radiation currently being used by endoscopist is rela-
tively small, effective doses of 0-3 mSv/yeat, in compati-
son with interventional radiologists and interventional cat-
diologists". When physician doses were serially measured,
endoscopists was found to be exposed to larger amounts of
radiation than their assistants because the endoscopist was
typically closer to the x-ray sources’). The dose limit that
is recommended by the International Commission on Ra-
diological Protection (ICRP) and adopted by most coun-
tries is 20 mSv/ yearm. For situations where the annual
dose limit exceeds 20 mSy, it is recommended that the
dose should not exceed 50 mSv in any particular year or
100 mSv over 5 years. This dose limit is based on the cal-
culation of radiation risk over a full working life from the
age of 18 years to 65 years (47 years) at the rate of 20 mSv
per year, amounting to 20 X 47 = 940 mSv (approximately
1 Sv). Epidemiologic research has estimated a 10% increase
in cancer risk with a lifetime occupational exposure of 1
SV An occupational exposure of 1 Sv of radiation is pro-
bably significantly greater than the true effective dose that
would be accumulated by an endoscopist with radiation
exposure solely from ERCP. Despite the relatively low risk
of radiation-induced injury, endoscopists should be aware
that all exposure carries a cumulative risk"". Additionally,
tracking the radiation dose can be difficult because almost
50% of endoscopist performing ERCPs never wear a do-
simeter!”. For the patient, the soutrce of exposure is the
direct beam from the x-ray tube. It is estimated that patients
receive about 2-16 min of fluoroscopy during ERCP, with
therapeutic procedures taking significantly longerm]. Stu-
dies have found that DAP values of approximately 13-66
Gy/cm” are used during ERCP, with effective doses ran-
ging from 2 to 6 mSv per procedure "

FACTORS ASSOCIATED WITH
RADIATION

Radiation dose to patients during ERCP depends on many
factors'", and the endoscopist cannot control some varia-
bles, such as patient size, procedure type, or fluoroscopic
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equipment used.

During ERCP, the positioning of catheters and guide
wires is verified fluoroscopically. Once contrast injections
have been given, fluoroscopy is used to evaluate the ana-
tomy of the ductal systems of both the biliary tree and pan-
creas and to help assess whether disease is present. Photo-
graphic documentation is usually obtained to record the fin-
dings by capturing the last fluoroscopic image, spot image,
or image sequence, depending on the available features of
the equipment used. Finally, fluoroscopy is also needed to
assist with therapy in, for example, sphincterotomy, stone
extraction, biopsy or cytology, and stent placement. Addi-
tional devices that allow direct visualization of the ductal
anatomy may ultimately reduce the need for fluoroscopy.

Previous reports have demonstrated a linear relation-
ship between radiation dose and fluoroscopy duration>*"7,
When fluoroscopy is used to assist ERCP, the shortest
fluoroscopy time possible is recommended'" .

Monitoring the length of fluoroscopy has been recom-
mended as part of an overall reduction in both radiation
exposure and fluoroscopy times'"”, Factors associated with
prolonged fluoroscopy duration have been delineated re-
cently"", but have not been validated.

In order to determine what factors influence fluoro-
scopy time, several aspects should be considered.

Pulsed fluoroscopy

Some factors, such as the type of equipment (fixed units
vs portable C-arm units) have been shown to reduce radia-
tion dose but are unfortunately not easily implementedm.
The radiation beam can be adjusted to use the lowest effe-
ctive voltage required to a produce clinically useful image,
and shielding of patients and staff with either permanent
(walls or barriers) or portable (drapes, aprons) mechanisms
has also been shown to reduce exposure effectively”.

A specific intervention directed at decreasing radiation
exposure involves the use of intermittent or pulsed fluo-
roscopy that substantially reduces the radiation dose with-
out sacrificing image qualitym. Time-limited fluoroscopy,
in which x-ray exposure was limited to a set period each
time that the foot- operated switch is depressed, led to de-
creased fluoroscopy duration in a prospective study". In
addition, alarms that indicate prolonged fluoroscopy time
could potentially reduce radiation by increased awareness
during the procedure.

More modern equipment incorporates features such
as pulsed fluoroscopy, whereby the x-ray beam is turned
on and off at a fixed rate (eg, at 4, 8, or 15 pulses per se-
cond), significantly reducing exposure compared with an

. 18
x-ray beam used continuously™"”.

Patient positions: supine and prone

ERCP is traditionally performed with the patient in the
prone position as this is considered optimal for cannulation
of the papilla, for obtaining high-quality radiographic
images and for the prevention of pulmonary aspiration.
Patients who cannot tolerate the prone position for ERCP
are often placed in the left lateral decubitus or supine posi-
tions. However, the supine position allows improved fluo-
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roscopic visualization, especially when rotatable fluorosco-
pic equipment (eg, C-Arm) is not available"”. Tn addition,
the supine position sometimes allows superior visualiza-
tion of hilar anatomy[zm. Nonetheless, little data exist regar-
ding performance of ERCP with the patient in the supine
position. In one randomized trial of patients undergoing
ERCP in the prone and supine positions, there were signi-
ficantly more failures and a significantly higher number of
adverse cardio-respiratory events in the supine group when
they were not endotracheally intubated”'. In another
retrospective study of 649 patients undergoing ERCP by
a single endoscopist, success and complication rates were
similar for supine and prone patients (90.2% and 11.2%
for supine and 92.5% and 9.1%for prone, respectively),
although the degree of procedural difficulty was signifi-
cantly higher in the supine group™”.

Endoscopist experience

Both cumulative years of performing ERCP and ERCP
volume in the preceding year have been independently
associated with shorter fluoroscopy exposure.Currently,
there are insufficient data to support the use of fluoro-
scopy time as a surrogate end point for competency, even
though this is an easily measureable and comparable varia-
ble. Fluoroscopy time is shorter when ERCP is performed
by endoscopist with many years of performing ERCP and
a large number of ERCPs in the preceding year' ! In inter-
ventional radiology, increased levels of physician training
have been found to correlate with decreases in patient
radiation exposure during fluoroscopic procedures™. Ura-
domo ¢t a* showed that radiation exposure during ERCP
was directly related to the experience of trainees. Further-
more, as GI fellows accumulate ERCP experience, the
amount of time that patients are exposed to fluoroscopy,
and thus radiation exposure, is decreased. Jowell ef al™
assessed the ability of GI fellows to competently complete
specific technical component of ERCP. They found that
between 180 and 200 ERCPs were required for the trainees
to consistently complete these procedures. The median
fluoroscopy duration decreased by almost 3 min during
cases performed by GI fellows with experience of more
than 50 previous ERCPs'"". The lack of correlation of
fluoroscopy time and endoscopist experience, reported in
another study, may actually reflect case complexity because
the more difficult and refractory cases were clearly refer-

. . 1
red to the more senior endoscopist" .

Technical considerations

In general, radiation exposure is greater during therapeutic
ERCP than during diagnostic ERCP™"?! 1n a recent pro-
spective study"", the procedure variables that significantly
increased fluoroscopy duration were stent insertion, litho-
tripsy, use of a needle-knife, biopsies, the use of a guide
wite or additional wites other than the standard, and use
of a balloon catheter.

The factors found to extend the length of the pro-
cedure and increase fluoroscopy duration probably relate
to differences in case complexity. Stent insertion may pro-
long fluoroscopy duration because this procedure requires
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fluoroscopy to confirm proper placement”. The use of a
lithotripter is associated with a significant increase in fluo-
roscopy duration because this device is often used for dif-
ficult stone extractions. A needle-knife is usually used for
second-line access techniques when conventional methods
have failed and is often associated with long procedures.
Guide wires used during ERCP are associated with longer
fluoroscopy. The use of an “other wire” is associated with
one of the greatest increases in fluoroscopy duration and is
probably associated with difficult access/cannulation dut-
ing procedures where there have been multiple previous
attempts using more conventional guide wires. Finally, the
use of the balloon catheter is often followed by a balloon
cholangiogram, requiring more fluoroscopy time.

PERSONAL PROTECTION AND
RADIATION SAFETY

A person’s biological risk is measured by using the con-
ventional unit rem (radiation equivalents in man) or the
SI unit equivalent called the sievert, where 1 Sv = 100
rem. Estimates of radiation exposure to endoscopy staff
vary, but it should be noted that radiation exposure is
cumulative over time. In a recent study, the estimated an-
nual whole-body effective dose equivalent received by the
endoscopist ranged between 3.35 and 5.87 mSv™. The
ICRP has classified radiation exposure as low (< 3 mSv
per year), moderate (3-20 mSv per year), or high (> 20-50
mSv per year).

The primary source of radiation to endoscopy per-
sonnel is radiation scattered from the patient, not the
primary x-ray beam. Positioning staff as far away from
the patient as possible is essential in limiting exposure.
If an endoscopy staff member is standing 1 m from
the patient, the radiation exposure for that individual is
1/1000 the patient’s exposure.

Shielding is required for all staff in the fluoroscopy
unit. Aprons containing lead shielding 0.5 mm thick ate
standard in most fluoroscopy units and block more than
90% of scattered radiation”, Average effective doses
of about 0.07 mSv per procedure have been observed
for endoscopists wearing a lead apron. Although the
endoscopist’s body is well protected by a lead apron,
there can also be substantial doses to unshielded parts.
Average doses to the eyes in the range of 0.1-1.7 mGy
pet procedure and doses of about 0.5 mGy to the hands
have been reportedm. Optically clear lead glasses can
reduce the operator’s eye exposure by 85% to 90%. There
are no mandatory requirements for either thyroid shields
or leaded glasses, although many have recommend that
thyroid shields should be used routinely and leaded glasses
should be used by individuals with high case loads'".

SPECIAL CIRCUMSTANCIES:
PREGNANCY

During pregnancy, the most common indication for ERCP
is treatment of choledocholitiasis. The incidence of gall-
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stone disease during pregnancy has been estimated to be
between 4.5% and 12%"". Patients usually require imme-
diate intervention because of potentially life-threatening
cholangitis or gallstone pancreatitis.

When a pregnant patient requires ERCP for therapy,
the procedure should be optimized by strict adherence to
good technique. In addition, if there is a possibility that the
primary x-ray beam may intercept the fetus, placing a lead
apron between the x-ray source and the fetus is effective.
However, a lead apron placed externally is ineffective for
protection of the fetus from exposure to radiation that is
scattered inside the patient’s body. The patient’s position
(supine, prone, or lateral) should be adjusted to minimize
fetal exposure. A poster anterior projection of the x-ray
beam is recommended, as this results in a fetal dose that is
20%-30% lower than in the anteroposterior projection due
to increased shielding from the mother’s tissues™. The
lateral projection also provides increased fetal shielding,
but the patient’s entrance dose rate may be three to seven
times higher in comparison with a frontal projection. As a
result, the lateral projection results in a higher fetal dose™.

Intraductal ultrasound can be used instead of fluoro-
scopy to check for bile duct stones and to place guide a wire
for a biliary stent. An alternative technique, avoiding radia-
tion exposure completely, involves conducting ERCP with-
out fluoroscopy, using wire-guided cannulation. Chole-
dochoscopy can be used to confirm stone clearance. How-
ever, this approach is technically challenging and has only
been used by very experienced biliary endoscopists. Fur-
ther studies are required to prove that the clinical efficien-
cy of radiation-free ERCP remains at the same level as
that of conventional fluoroscopically guided ERCP™.

CONCLUSION

The use of fluoroscopy to aid ERCP, places both the pa-
tient and the endoscopy staff at risk of radiation-induced
injury. ERCP is highly technical and depends on the endos-
copist’s experience. Radiation dose to patients during ER-
CP depends on many factors, and the endoscopist cannot
control some variables, such as patient size, procedute type,

ot fluoroscopic equipment used. Previous reports have
demonstrated a linear relationship between radiation dose
and fluoroscopy duration. When fluoroscopy is used to
assist ERCP, the shortest fluoroscopy time possible is
recommended. Factors associated with prolonged fluoro-
scopy duration have been delineated recently, but these
have not been validated.

REFERENCES

1 Amis ES, Butler PF, Applegate KE, Birnbaum SB, Brateman
LF, Hevezi JM, Mettler FA, Morin RL, Pentecost M]J, Smith
GG, Strauss KJ, Zeman RK. American College of Radiology
white paper on radiation dose in medicine. ] Am Coll Radiol
2007; 4: 272-284

2 Campbell N, Sparrow K, Fortier M, Ponich T. Practical
radiation safety and protection for the endoscopist during
ERCP. Gastrointest Endosc 2002; 55: 552-557

3 Buls N, Pages ], Mana F, Osteaux M. Patient and staff exposure

July 16,2011 | Volume 3 | Issue 7 |



10

11

12

13

14

15

16

Boix J et a/. Radiation dose in ERCP

during endoscopic retrograde cholangiopancreatography. Br
J Radiol 2002; 75: 435-443

Larkin CJ, Workman A, Wright RE, Tham TC. Radiation doses
to patients during ERCP. Gastrointest Endosc 2001; 53: 161-164
Cohen G, Brodmerkel GJ, Lynn S. Absorbed doses to patients
and personnel from endoscopic retrograde cholangiopancrea
tographic (ERCP) examinations. Radiology 1979; 130: 773-775
Heyd RL, Kopecky KK, Sherman S, Lehman GA, Stockberger
SM. Radiation exposure to patients and personnel during
interventional ERCP at a teaching institution. Gastrointest
Endosc 1996; 44: 287-292

Chen MY, Van Swearingen FL, Mitchell R, Ott DJ. Radiation
exposure during ERCP: effect of a protective shield. Gastro-
intest Endosc 1996; 43: 1-5

Brambilla M, Marano G, Dominietto M, Cotroneo AR, Car-
riero A. Patient radiation doses and references levels in inter-
ventional radiology. Radiol Med 2004; 107: 408-418

Pedrosa MC, Farraye FA, Shergill AK, Banerjee S, Desilets D,
Diehl DL, Kaul V, Kwon RS, Mamula P, Rodriguez SA, Varada-
rajulu S, Song LM, Tierney WM. Minimizing occupational ha-
zards in endoscopy: personal protective equipment, radiation
safety, and ergonomics. Gastrointest Endosc 2010; 72: 227-235
Hendee WR. Estimation of radiation risks. BEIR V and its
significance for medicine. JAMA 1992; 268: 620-624

Kim E, McLoughlin M, Lam EC, Amar ], Byrne M, Telford J,
Enns R. Prospective analysis of fluoroscopy duration during
ERCP: critical determinants. Gastrointest Endosc 2010; 72:
50-57

Campbell N, John V, Sparrow R, Ponich T. Radiation mo-
nitoring and protection during endoscopic retrograde cho-
liangiopancreatography (ERCP): An ontario survey. Can |
Gastroenterol 2000; 14 (Suppl A): 48 A

Tsalafoutas IA, Paraskeva KD, Yakoumakis EN, Vassilaki
AE, Maniatis PN, Karagiannis JA, Koulentianos ED. Radia-
tion doses to patients from endoscopic retrograde cholangio-
pancreatography examinations and image quality considera-
tions. Radiat Prot Dosimetry 2003; 106: 241-246

Jorgensen JE, Rubenstein JH, Goodsitt MM, Elta GH. Ra-
diation doses to ERCP patients are significantly lower with
experienced endoscopists. Gastrointest Endosc 2010; 72: 58-65
Vehmas T. Hawthorne effect: shortening of fluoroscopy ti-
mes during radiation measurement studies. Br | Radiol 1997;
70: 1053-1055

Johlin FC, Pelsang RE, Greenleaf M. Phantom study to de-
termine radiation exposure to medical personnel involved in

K

Gz
Raishideng®

WJGE | www.wjgnet.com

144

17

18

19

20

21

22

23

24

25

26

27

28

29

ERCP fluoroscopy and its reduction through equipment and
behavior modifications. Am | Gastroenterol 2002; 97: 893-897
Martin CJ. A review of factors affecting patient doses for ba-
rium enemas and meals. Br | Radiol 2004; 77: 864-868
Uradomo LT, Goldberg EM, Darwin PE. Time-limited fluo-
roscopy to reduce radiation exposure during ERCP: a pros-
pective randomized trial. Gastrointest Endosc 2007; 66: 84-89
Cohen MM, Duncan PG, Tate RB. Does anesthesia contribute
to operative mortality? JAMA 1988; 260: 2859-2863

Ferreira LE, Baron TH. Comparison of safety and efficacy of
ERCP performed with the patient in supine and prone posi-
tions. Gastrointest Endosc 2008; 67: 1037-1043

Terruzzi V, Radaelli F, Meucci G, Minoli G. Is the supine
position as safe and effective as the prone position for endos-
copic retrograde cholangiopancreatography? A prospective
randomized study. Endoscopy 2005; 37: 1211-1214

Hoskins PR, Williams JR. Influence of radiologist grade on
fluoroscopic patient dose. Br | Radiol 1992; 65: 1119-1123
Uradomo LT, Lustberg ME, Darwin PE. Effect of physician
training on fluoroscopy time during ERCP. Dig Dis Sci 2006;
51: 909-914 [PMID: 16718536 DOI: 10.1007/s10620-005-
9007-y]

Jowell PS, Baillie ], Branch MS, Affronti ], Browning CL, Bute
BP. Quantitative assessment of procedural competence. A
prospective study of training in endoscopic retrograde cho-
langiopancreatography. Ann Intern Med 1996; 125: 983-989
Lorenzo-Ztiiiga V, Boix J, Oller B, Naves JE, Leal C, Afiafios F,
Moreno de Vega V. Variables predictivas de mayor dosis de
irradiaciéon en CPRE: Estudio prospectivo en 197 pacientes.
Endoscopy 2010; 42: A23

Naidu LS, Singhal S, Preece DE, Vohrah A, Loft DE. Radia-
tion exposure to personnel performing endoscopic retrograde
cholangiopancreatography. Postgrad Med ] 2005; 81: 660-662
Tham TC, Vandervoort ], Wong RC, Montes H, Roston AD,
Slivka A, Ferrari AP, Lichtenstein DR, Van Dam J, Nawfel
RD, Soetikno R, Carr-Locke DL. Safety of ERCP during preg-
nancy. Am | Gastroenterol 2003; 98: 308-311

Samara ET, Stratakis J, Enele Melono JM, Mouzas IA, Peri-
sinakis K, Damilakis J. Therapeutic ERCP and pregnancy: is
the radiation risk for the conceptus trivial? Gastrointest Endosc
2009; 69: 824-831

Shelton J, Linder JD, Rivera-Alsina ME, Tarnasky PR. Com-
mitment, confirmation, and clearance: new techniques for
nonradiation ERCP during pregnancy (with videos). Gastro-
intest Endosc 2008; 67: 364-368

S- Editor Zhang HN L- Editor Hughes D E- Editor Zhang L

July 16,2011 | Volume 3 | Issue 7 |



wdJ ¢

World Journal of
Gastrointestinal Endoscopy

Online Submissions: http:/ /www.wjgnet.com/1948-51900ffice

wjge@wjgnet.com
doi:10.4253 /wjge.v3.i7.145

World | Gastrointest Endosc 2011 July 16; 3(7): 145-150
ISSN 1948-5190 (online)
© 2011 Baishideng. All rights reserved.

BRIEF ARTICLE

Development of a novel endoscopic manipulation system:
The Endoscopic operation robot

Keiichiro Kume, Takeshi Kuroki, Takahiro Sugihara, Masafumi Shinngai

Keiichiro Kume, K’s Device; Laboratory for Endoscopy and Third
Department of Internal Medicine, School of Medicine, University
of Occupational and Environmental Health, Kitakyusyu 807-
8555, Japan

Takeshi Kuroki, Takahiro Sugihara, Masafumi Shinngai, Ky-
ushu Polytechnic College, Kitakyusyu, Japan

Author contributions: Kume K, Kuroki T, Sugihara T and Shin-
gai M developed a novel endoscopic manipulation; Kume K wrote
the paper.

Supported by Kitakyushu Foundation for the Advancement of
Industry Science and Technology

Correspondence to: Keiichiro Kume, MD, PhD, K’s Device;
Laboratory for Endoscopy, School of Medicine, University of Oc-
cupational and Environmental Health, 1-1, Iseigaoka, Yahatani-
shi-ku, Kitakyusyu 807-8555, Japan. k-kume@med.uoeh-u.ac.jp
Telephone: +81-93-603-1611 Fax: +81-93-692-0107

Received: February 28,2010 Revised: June 22, 2011
Accepted: July 1, 2011

Published online: July 16, 2011

Abstract

AIM: To develop and evaluate the endoscopic opera-
tion robot (EOR). The EOR is a robot system designed
specifically for remote manipulation of the scope during
gastrointestinal endoscopy by a seated endoscopist.

METHODS: Total colonoscopy examinations using a
colonoscopy training model were performed compared
conventional insertion by manual manipulation and
remote-controlled insertion, using the EOR. The author
investigated the time taken for each of the 50 examina-
tions.

RESULTS: The median insertion time (in minutes) for
each 10 examinations (EOR vs manual manipulation)
was 73.70 £+ 25.37 vs 3.77 + 1.34 in the first group,
38.40 + 6.24 vs 3.40 £ 0.97 in the second group, 27.6
+4.01 vs 2.70 + 0.95 in the third group, 23.8 = 3.65 vs
3.10 % 0.88 in the fourth group, and 22.9 + 5.02 vs 2.60
+ 1.08 in the fifth group.
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CONCLUSION: The study suggested the possibility of
the clinical application of the EOR.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

With an ever-expanding range of indications requiring
minimally invasive therapy in the form of therapeutic gas-
trointestinal endoscopy, endoscopic targets and procedures
are becoming more complex and broad ranging. Consequ-
ently, the required level of endoscopic precision is rising,
and the duration of endoscopy procedures is lengthening,
Endoscopic submucosal dissection (ESD)""*, natural orifice
transluminal endoscopic surgery (NOTES)", and other
gastrointestinal endoscopic techniques for minimally inva-
sive therapy, lighten the burden on the patient, but increase
the burden on the endoscopist in terms of expertise, dex-
terity, and proficiency. Many ways to reduce the burden on
the endoscopic surgeon through the use of telesurgical units,
such as da Vinci, developed by Intuitive Surgical, and Zeus,
developed by Computer Motion, and other well-known
endoscopic robots™ | have been developed. These robots,
however, are specifically designed for surgeons using rigid
endoscopes. In contrast, there have been no reports on the
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Figure 1 The system of the endoscopic operation robot and colonoscope
training model (f). It consists of the main unit (a), the manipulation unit (b), the
aspiration control unit (c), the light source unit (d) and the aspiration unit (e)

development of true robots which have been specifically
designed for the flexible endoscopes which are required
for oral or anal approaches in gastrointestinal endoscopy,
other than a robot specifically designed for NOTES, pri-
marily for forceps manipulation®. Research and develop-
ment related to gastrointestinal endoscopic therapy has
generally focused on tools attached to the endoscope, and
surgical tools inserted in the channels”. The author has
developed and reported several such tools, including an ir-
rigation hood"""?, an endoscopic aspiration mucosectomy
(EAM) hood"”"™, and various ESD devices'” ",

Further to this, the author has developed a new endo-
scopic operation robot (EOR) for full robotic manipula-
tion of every procedural element of gastrointestinal endo-
scopy, including all the basic elements as well, thus elimina-
ting the need for direct physical contact with the endos-
cope (Figure 1).

In manual endoscopy, the grip of the endoscope is
held in the left hand and the vertical angulation (up-down)
knob and the horizontal (right-left) angulation knob are
manipulated with the fingers of the left hand, thus cur-
ving the endoscope tip vertically and horizontally. The tip
is rotated by oscillation of the left wrist, and tip extension
and retraction are performed by horizontal manipulation in
the long-axis direction using the right arm while gripping
the insertion unit. It is thus a “four-axis” manipulation, per-
formed by the endoscopist while standing. The techni-
que used for this manipulation input varies with the endo-
scopist, in terms of individual postures, habits, and custo-
mary practices, but these differences cancel out in the gas-
trointestinal tract, where they are output as mechanical mo-
vement. In short, manipulation input tends to vary with the
individual endoscopist, but the vatiations mutually cancel in
the output, to obtain relatively simple endoscope move-
ments in the four axial directions. However, these indivi-
dual differences tend to complicate the necessary acquisi-
tion of multifaceted skills by the endoscopist.

The EOR was developed to further the mechanization
of this manipulation, with the aim of simplifying the opera-
tion by the endoscopist, reducing or even eliminating indi-
vidual differences, and to facilitate the standardization of
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endoscope manipulation. This report describes the EOR
concept and configuration, as well as its evaluation in com-
plete colonoscopy examinations using a colonoscopy train-
ing model.

MATERIALS AND METHODS

System configuration

The EOR consists of the main unit (Figure 2A and 2B),
the manipulation unit (Figure 2C), and the aspiration con-
trol unit (Figure 2D), all three of which are newly develo-
ped, together with (Figure 2D) the light source unit and
(Figure 2D) the aspiration unit, both of which are pre-
existing devices. The manipulation unit includes a monitor,
two joysticks, and three foot switches. The right joystick
controls the up-down and right-left angulation knobs, and
the left joystick controls tip rotation, extension, and retra-
ction. The three foot switches control the air supply, air
suction, and water supply. If the endoscopist’s hands are
removed from the joysticks, the endoscope simply remains
in position, without automatically returning to a neutral
position.

The four-axis movement of the endoscope is driven
by the four motors of the main unit, each zia a separate
timing belt and pulley transmission, thus serving the
up-down and right-left angulation knobs, the rotational
oscillation component, and the extension-retraction
component. The endoscope is an Olympus GIF-Q230
(Tokyo, Japan), mounted on the rotational-oscillation
component of the main unit. In accordance with the
properties of the GIF-Q230, tip curvature control by
vertical and horizontal movement of the right-hand
joystick enables an up-down angulation knob range
of 210° up and 90° down and a left-right angulation
knob range of 100°. Rotational oscillation control by
vertical and horizontal movement of the lefthand joystick
enables 150° rotation of the endoscope with an effective
length of 1030 mm. The power for these four-axis mani-
pulations is provided by the four motors actuated by a
specifically designed computer program.

The air supply and air suction button on the endo-
scope is set to ON, and the two interim valves of the aspira-
tion control unit are connected to the suction unit and the
water supply tank for the light source unit, to enable input
of the air supply, air suction, and water supply iz the
three foot switches.

With the EOR, the endoscopist controls the opera-
tion with the two joysticks and the three foot switches in a
seated position while watching the monitor on the mani-
pulation unit, without touching the endoscope at all once
the procedure begins.

Procedures: Insertion in colonoscope training model

The colonoscope training model produced by KYOTO
KAGAKU Co., LTD. (Kyoto, Japan) was used (Figure 2E).
This model has six training patterns (beginner’s grade 1-3,
intermediate grade 1-2, and higher grade). For this study,
beginner’s grade 1 was used. The aims with beginner’s
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Figure 2 The system of the endoscopic operation robot. A: The left part of the main unit of the endoscopic operation robot (EOR) has four motors; the first motor
controls up-down angulation (a), the second motor controls right-left angulation (b), the third motor controls rotation (c) and the fourth motor controls extension and
retraction (d); B: The right part of the main unit of the EOR is the insertion part of the endoscope; C: The manipulation unit of the EOR. It includes a monitor, two joysticks,
and three foot switches (no photos). The joystick on the right controls the up-down and right-left angulation knobs, and the joystick on the left controls tip rotation,
extension, and retraction; D: The aspiration control unit (a), the light source unit (b) and the aspiration unit (d); E: Colonoscope training model produced by KYOTO

KAGAKU Co., LTD. (Kyoto, Japan). EOR: Endoscopic operation robot.

grade 1 are as follows: 1) learn how to insert the colono-
scope deeply into the transverse colon and the ascending
colon, without forming a loop at the sigmoid colon; 2) ac-
quite basic insertion skills required to pass through each
part of the colon; 3) learn the “hooking the fold” method
to pass through the sigmoid colon; and 4) learn “with-
drawal” manipulation to go through the hepatic flexure.

All cases of total colonoscopic examination were per-
formed by the author, who has completed 5000 total colo-
noscopic examinations.

The author investigated the records of 100 total colo-
noscopic examinations and compated 50 conventional in-
sertions by manual manipulation and 50 remote-control-
led insertions using the EOR. The learning curves of
endoscopists using the EOR were also investigated. Leat-

K
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ning curves were assessed as the insertion time for each 10
examinations. Insertion time was measutred from the mo-
del anal region to the cecum.

The tip of the EOR endoscope was manually inserted
3 cm into the model anal region, and the endoscope was
thereafter remotely controlled by the operator using the
manipulator unit.

The EOR was designed by the author, and was pro-
duced by Takeshi KUROKI and Takahiro SUGIHARA at
Kyushu Polytechnic Collage.

Statistical analysis

The results, insertion time for each 10 examinations, were
presented as mean * SD. An analysis of variance (ANO-
VA) was used to compate insertion time for each 10 exa-
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Figure 3 Learning curve assessed based on insertion time. EOR:
Endoscopic operation robot.

minations. Qualitative data were analyzed by the Mann-
Whitney U test with Bonferroni correction. A P value of
less than 0.05 was considered significant.

RESULTS

The overall complete insertion rate was 100% (100/100;
50/50 conventional insertions by manual manipulation
and 50/50 remote-controlled insertions using the EOR).
The median insertion time was 3.6 £ 1.96 min by manual
manipulation and 37.28 £ 22.47 min by remote-controlled
insertion using the EOR. The median insertion time by
EOR insertion for each 10 examinations was 73.70 £ 25.37
in the first group, 38.40 T 6.24 in the second group, 27.6
4.01 in the third group, 23.8 & 3.65 in the fourth group and
22.9 + 5.02 in the fifth group. The median insertion time
by manual manipulation 3.70 = 1.34 in the first group,
3.40 = 0.97 in the second group, 2.70 £ 0.95 in the third
group, 3.10 £ 0.88 in the fourth group and 2.60 £ 1.08 in
the fifth group.

Concerning the EOR learning curve, median insertion
time was significantly shorter with each succeeding group
until the third group of 10 cases, and was less than 30 min
after the third group of 10 cases (Figure 3).

DISCUSSION

In planning, designing, and commissioning the constru-
ction of the EOR, two questions that were considered and
must ultimately be resolved are endoscopist familiarization
and endoscopy standardization. Remote manipulation by
joysticks while seated is conceptually quite different from
the conventional direct manual manipulation of the endo-
scope while standing, and it is unlikely that an endoscopist
well practiced in the manual procedure would find it easy
to adapt to the EOR concept. However, many endosco-
pists are undoubtedly familiar with the control panels and
joystick operations of video games and other such devices,
and this may ameliorate some initial awkwardness, speed
of learning, and heighten proficiency. In regard to the
standardization of endoscopic therapy techniques, further
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investigation on the potential of the EOR for contribution
to this goal will be necessary, but the expectation is that a
robotic manipulation system, such as the EOR, will greatly
facilitate general standardization of endoscopic techniques
by reducing the complexities associated with direct manual
manipulation of the endoscope arising from the differen-
ces among endoscopists in manipulation customs, prac-
tices, and levels of dexterity. Moteovet, such a system will
substantially broaden the range of applications for endo-
scopic therapies.

The EOR has been developed primarily for utiliza-
tion in ESD, NOTES, and other orifice-insertion proce-
dures in minimally invasive therapy. In the present study,
however, colonoscopy was considered the most appropria-
te therapy for the initial evaluation of the EOR manipu-
lation capabilities, due to the requirement for maximum
precision in 4-axis manipulation.

The learning curve for EOR manipulation in the colo-
noscopy model was determined from the insertion times
in the series of EOR trials performed by the author, who
had had no previous experience with EOR manipulation,
but who, in clinical practice, has had extensive experience
in conventional manual insertion. Insertion time was used
as an indication of proficiency in EOR insertion. A leat-
ning curve for manual insertion was not determined, due
to the author’s extensive experience. The learning curve for
EOR increased over the first 30 insertions but remained
flat thereafter, giving no indication of the prospect for a
further shortening in insertion time.

The primary reason for the apparently lower limit in
the reduction in EOR insertion time found in these trials
may be attributable to the lack of function for presen-
tation of force and tactile sensation by the EOR in its
present version. In the intestinal tract shortening maneuver,
which is performed to increase insertion efficiency, reliance
is placed in part on the tactile sensation of catching the
intestinal tract on the curved scope tip. With the present
EOR, however, this maneuver is impracticable, due to the
absence of tactile sensation. In the absence of feedback-
induced control in a clinical setting, an unintended applica-
tion of force could increase the risk of pain and possibly
perforation. It will therefore be necessary to consider the
incorporation of kinesthetic and haptic feedback presen-
tation functions into the EOR, together with control sys-
tems providing a slight degree of play in the joystick and
a target tracking or other function providing automated
supplemental control of endoscope tip movement.

The EOR nevertheless has the potential for achieving
modes of manipulation that cannot be achieved by manual
manipulation of conventional scopes, along with other
functional advantages. With the continuing advances in
endoscopic therapy, the length, complexity, and proficiency
of the related procedures are testing the limits of endosco-
pists with regard to maintaining their field of vision, and
the skill requited to coordinate the manipulation of single
general-purpose endoscopes. Through the integration of
all scope and device manipulations in a single control con-
sole, along with breaking down the coordinated manipula-
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tions, and allowing seated operation, the EOR holds the
promise of substantially reducing the burden on the en-
doscopist. The breakdown of coordinated manipulations
refers to capabilities such as being able to fix the field of
vision by the operator, having removedhis or her hand
from the joystick, and, as circumstances require, the capabi-
lity to limit manipulation specifically to the treatment
tools.

The advantage of the EOR relating to maintenance
of the insertion axis was clearly demonstrated. In conven-
tional manual insertion, maintaining the insertion axis re-
quires manipulation of the handle by finger action and ro-
tation by wrist action in a physiologically constrained en-
vironment, and, in some cases, the physiological limits may
prevent successful insertion into deep regions. In this case,
it is difficult to continue conventional insertion whilst
seated. With the EOR, in contrast, the endoscope position
does not change when the hand is removed from the joy-
stick. The axis is thus maintained, and insertion to deeper
regions can be readily resumed from that angle, without
concern for a departure from the axis. The freedom from
both the physiological constraints on the range of motion
in the joints of the endoscopist and the consequent need
to maintain difficult bodily postures is in fact an important
advantage, particularly in therapeutic endoscopy, with the
related need for manipulation of surgical tools.

Adoption of EOR-based systems for colonoscopic
examination could open the way to many new modes of
application. It would facilitate the development of advan-
ced systems for EOR training on colonoscopy models, by
incorporating systems for time measurement in conjunc-
tion with optical sensors appropriately positioned in the
intestinal tract model for calculation of intestinal internal
observation ratios in the circuit, for counting and recor-
ding incidents of simulated pain due to excessive intru-
sion into the model mesentery, together with a scoring
system for each element of the procedure. In clinical imple-
mentations, the incorporation of insertion time mea-
surement and input systems responsive to vital changes
and the experience of pain signaled by the patient using
appropriate buttons could facilitate objective evaluation of
insertions and hospital performance. Ultimately, and with
the provision that every aspect of safety be considered
and assured, it may be possible to achieve completely auto-
mated colonoscope insertion for difficult cases, as well as
for more routine cases, through the incorporation of bal-
loon, image recognition, and other necessary sensors on
the scope tip and effective computerized system control.

Other envisioned developments ultimately include the
automation of ESD, NOTES; and other endoscopic thera-
pies. However, many challenges would have to be met for
these purposes. The requirements for fully automated ES-
D, for example, would include lesion recognition, deter-
mination of resection and peripheral incision extent, al-
ways-on recognition of appropriate resection surfaces, dis-
section of deep submucosal layers at specific depths, and
an effective response to bleeding, breathing changes, peti-
stalsis, and other events.
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With these numerous and complex requirements, fully
automated procedures remain a long-range goal. However,
advances and improvements in individual component sys-
tems and devices may hasten progress. The wiper-knife was
developed by the author, primarily to simplify endoscope
manipulation, but it now appears highly appropriate for the
EOR. The multiDOF forceps being developed for NO-
TES will probably facilitate many aspects of remote mani-
pulation. With effective cooperation between medicine and
engineering, it will be possible to incorporate functions su-
ch as kinesthetic and haptic feedback, presentation, target
tracking, and 3D spatial presentation. With appropriate me-
thods for adopting advances in engineering, higher levels of
precision control and automation may be possible. Robo-
tization of endoscopic manipulation such as that of EOR
thus facilitates the conceptualization of endoscopic auto-
mation. At present, however, the task at hand is the con-
tinuation of research and development directed toward the
identification of those component processes approptiate
for automation by computerized control, and those that
are appropriate for remote manipulation by the endosco-
pist, and their realization for the simplification of endo-
scopic techniques and the enhancement of their safety.

In conclusion, the EOR is a robot system specifically
designed for remote manipulation in oral digestive tract en-
doscopy by a seated endoscopist, without directly touching
the scope. Its operation, which is reminiscent of operating
video-game controllers and other such devices, eliminates
the physiological constraints that apply in the conventional
standing-position necessary for manual endoscopic mani-
pulation, due to the naturally limited range of motion of
body joints, and it reduces the tendency for differences to
arise among operators in their customary techniques and
practices of endoscope manipulation. The EOR is a next-
generation endoscope that is expected to bring fundamen-
tal changes to endoscopic manipulation techniques, and
may ultimately lead to their automation.
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Abstract Hongou H, Fu K, Ueyama H, Takahashi T, Takeda T, Miyazaki A,

A 78-year-old woman was referred to our department for Watana'be S..Mallory-Weiss tear during gastric endoscopic submu-
treatment of an early gastric cancer. Esophagogastrodu- cosa} dissection. World J Gastrointest Endosc 2011; 3(7): 151-153
odenoscopy (EGD) demonstrated a flat elevated lesion AV'c.nlable from: URL: http://WWW.WJgnet.CO@l948-§190/full/
and a polypoid lesion on the greater curvature of the an- v3/i7/151.htm DOIL: http://dx.doi.org/10.4253/wjge.v3.i7.151

trum. Histological analysis of, endoscopic biopsy samples
taken from these lesions revealed an adenocarcinoma
and a hyperplastic polyp, respectively. ESD was conduc-
ted for removal of the lesions. Carbon dioxide (COz) in- INTRODUCTION
stead of room air was used for insufflation, and the pa-
tient was adequately sedated without struggling or vom-
iting during the treatment. No significant bleeding from . . 3
the lesion was observed during ESD, but fresh blood lymph node metastasis, as this technique enables ez bloc re-

Endoscopic submucosal dissection (ESD) has gained ac-
ceptance for the treatment of early gastric cancers without

was identified endoscopically. Surprisingly, a Mallory- section of lesions regardless of their size!', Complications
Weiss tear with active bleeding was detected on the less-  associated with ESD include bleeding, perforation and ste-
er curvature of the gastric corpus. A total of eight hemo- ~ nosis. Perhaps the most frequently encountered complica-
clips were applied for hemostasis. Both lesions were com- tion is immediate bleeding from vessels in the submucosal

pletely removed en bloc, and no bleeding or perforation layer of the lesions during ESD. This can be managed with
developed after ESD. Histologically, the first lesion was a coagulation using an electrocautery knife and/or elec-
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Figure 1 Esophagogastroduodenoscopy findings. Esophagogastroduod
noscopy showed a flat elevated lesion, about 20 mm in size (A), and a polypoid
lesion, about 15 mm in size (B), which were detected on the greater curvature of
the antrum.

Figure 2 Longitudinal mucosal tears (Mallory-Weiss tear) with active
bleeding were detected on the lesser curvature of the gastric corpus.

trocautery forceps”. We herein report on a patient who
developed Mallory-Weiss tears (MWT), an extremely rare
source of active bleeding associated with gastric ESD.

CASE REPORT

A 78-year-old woman was referred to our department for
treatment of an early gastric cancer. She was asymptomat-
ic and received the esophagogastroduodenoscopy at a lo-
cal hospital during a medical checkup. Her medical history
included hypertension and hypetlipidemia, for which she
was receiving medication. No anticoagulant which might
conttibute to a bleeding tendency was prescribed for this
patient. On July 22, 2010, esophagogastroduodenoscopy
(EGD) demonstrated mild hiatal hernia and gastric at-
rophy. Furthermore, a flat elevated lesion about 20 mm
in size, and a polypoid lesion about 15 mm in size were
detected on the greater curvature of the antrum (Figure 1).
Histological analysis of endoscopic biopsy samples taken
from these lesions revealed adenocarcinoma and hyper-
plastic polyp, respectively. No lymph node swelling was
detected by abdominal computed tomography conducted
before endoscopic treatment. On August 11, 2010, ESD
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Figure 3 A total of eight hemoclips were applied for hemostasis.

was carried out for removal of the lesions. Carbon diox-
ide (CO2) instead of room air was used for insufflation,
and the patient was adequately sedated with intravenous
administration of midazolam (5 mg) and pentazocine (15
mg) without struggling or vomiting during the treatment.
CO:2 insufflation was set at a constant rate of 1.2 L/min,
which is a moderate level in the COz2 regulator (UCR,
Olympus Tokyo). Although significant bleeding from the
lesion was not observed during ESD, fresh blood was
identified at endoscopy. After retroflexion of the scope
tip, longitudinal mucosal tears (MWT) (maximal length;
about 50 mm in length) with active bleeding were detected
on the lesser curvature of the gastric corpus (Figure 2). A
total of eight hemoclips were applied for hemostasis (Fig-
ure 3). Both of the lesions were completely removed ez
bloc within an hour, and no bleeding or perforation devel-
oped after ESD. The patient was discharged uneventfully
after staying in the hospital for one week. Histologically,
the first lesion was a papillary carcinoma limited to the
mucosal layer and without lymphovascular invasion or
involvement of the surgical margins, while the second le-
sion was a benign hyperplastic polyp (Figure 4).

DISCUSSION

MWT which is characterized by longitudinal mucosal
lacerations in the distal esophagus and proximal stom-
ach, was first described in 1929 as a syndrome of upper
gastrointestinal bleeding (UGIB) caused by nausea and
vomiting”. The reported incidence of MWT is 5%-15%
of all cases of UGIB, although MWT may also occur iat-
rogenically during endoscopic examination, and its inci-
dence has been estimated to be 0.007%-0.49% of all
such procedures™. MWT usually occurs secondarily to a
sudden increase in intra-abdominal pressure, and several
predisposing factors including hiatal hernia, alcoholism,
gastric atrophy and ageing have been suggested[q. We used
CO: for insufflation during ESD, as it is absorbed faster
in the body than air and then rapidly expelled through
respiration'’. On the basis of a retrospective review of
the video of the procedure in this case, we suspected that
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Figure 4 Macroscopic and microscopic findings of resected specimens.
Both lesions were completely removed en bloc (A). Histologically, the first was a
papillary carcinoma limited to the mucosal layer and without lymphovascular inva-
sion or involvement of the surgical margins (H&E, x 60) (B), whereas the second
lesion was a benign hyperplastic polyp (H&E, % 60) (C).

the upper esophageal sphincter did not relax during ESD
under sedation. This resulted in a high intra-gastric pres-
sure which caused laceration of the vulnerable atrophic
gastric mucosa in this elderly woman, even though CO:
was used instead of room air for insufflation. Adjustment
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of the intra-gastric pressure with suction and insufflation
during ESD may have made it possible to avoid MWT in
this case.

Most patients with iatrogenic MWT can be treated
conservatively, with or without endoscopic hemostasis, us-
ing techniques including injection, electrocautery and me-
chanical therapies. Although serious complications such as
massive bleeding and perforation are rarely encountered,
they are possible”. In order to avoid deeper tissue damage
which could result in perforation, possibly after a delay, we
applied hemoclips instead of thermal or injection thera-
pies to arrest any active bleeding[sl.

In conclusion, we have reported the first case of MWT
which is a rarely encountered but possible complication of
gastric ESD. Iatrogenic MWT should be kept in mind as
another possible source of bleeding duting gastric ESD,
even if CO:z instead of room air is used for insufflation.
Adjustment of the intra-gastric pressure during ESD may
be necessary to avoid this kind of complication.
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Abstract

Hemorrhage from a non-Meckelian jejunoileal diverticu-
lum is rare, and it is generally difficult to diagnose the
source of the bleeding. Here, we report the case of a 59-
year-old male with hemorrhage from an ileal diverticu-
lum. Contrast computed tomography scans demonstra-
ted the ileal diverticulum and extravasation of the contra-
st medium around it. The diagnosis was then made by
computed tomography scans, and endoscopic mechani-
cal hemostasis was performed under colonoscopy with
three metal clips. The management of hemorrhage from
jejunoileal diverticula is discussed.

© 2011 Baishideng. All rights reserved.

Key words: Diverticulum; Gastrointestinal hemorrhage;
Endoscopic hemostasis
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INTRODUCTION

Colonic diverticula are a common cause of gastrointestinal
bleeding, Compared to colonic diverticula, however, the
prevalence of jejunoileal diverticula is quite low, and it is
usually difficult to identify the source of the bleeding if the
hemorrhage stems from a jejunoileal diverticulum!". Here,
we report the case of a small bowel hemorrhage from an
ileal diverticulum diagnosed by computed tomography
(CT) scans. Endoscopic hemostasis was successfully car-
ried out by colonoscopy with metal clips. The manage-
ment of hemorrhaging from small intestinal diverticula is
discussed.

CASE REPORT

A 59-year-old Japanese male presented to Hiroshima City
Hospital with hematochezia that had begun 3 h previously.
The patient had been taking medication for hyperuricemia
and hypertension, but had never taken anticoagulants. He
had a prior history of obscure gastrointestinal bleeding,
which had occurred five years eatlier. At the time, he had
undergone esophagogastroduodenoscopic and colonosco-
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Figure 1 Contrast-enhanced computed tomography scans on admission. A: In the arterial phase, a diverticulum of the terminal ileum was seen and leakage of the
contrast medium into the ileal lumen around the diverticulum was also visualized (arrow); B: In the venous phase, the contrast medium spread to the ileocecal valve (arrow).

Figure 2 Colonoscopic findings. In the terminal ileum, a diverticulum was seen (A) and active hemorrhage from the diverticulum was demonstrated (B). Closure of the

diverticulum was carried out endoscopically with three metal clips (C).

pic examinations at another hospital, but the hemorrhagic
source was not determined, and the bleeding stopped
spontancously. On admission to our hospital, a physical
examination revealed no abnormalities. The patient’s blood
pressure was 132/81 mmHg, and his pulse was 64/min.
Laboratory examinations revealed slight anemia (red blood
cell count, 434 x 10*/mm’; hemoglobin, 13.1 mg/dl),
though he had no symptoms related to anemia. Abdo-
minal CT scans demonstrated colonic diverticula and an
ileal diverticulum, and leakage of the contrast medium into
the ileal lumen around the diverticulum of the terminal
ileum (Figure 1). The diagnosis of a hemorrhage from an

ileal diverticulum was made. Colonoscopic examination,
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instead of double-balloon endoscopy, was then carried
out, because the bleeding point was close to the ileocecal
valve. On colonoscopy, active bleeding from the diverti-
culum in the terminal ileum was demonstrated (Figure 2).
Closure of the diverticulum was successfully performed
with three metal clips, resulting in hemostasis. The patient
remained well and no recurrence of gastrointestinal hemor-
rhaging was reported for the following nine months.

DISCUSSION

Small intestinal non-Meckelian diverticuloses are identified
in 2% to 2.3% of fluoroscopic X-ray studies of the small
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intestine®. Among small intestinal non-Meckelian diver-
ticuloses, those located in the jejunum are considerably
more frequently present than those in the ileum. Their pre-
valence increases with age, peaking in the sixth and seventh
decades™. The pathogenesis of non-Meckelian jejunoileal
diverticula is not yet fully known. It is commonly believed
that an acquired defect of the intestinal smooth muscle or
myenteric plexus causes jejunoileal diverticula. In most
cases, jejunoileal diverticula are asymptomatic and are dis-
covered incidentally during autopsy, laparotomy or fluoro-
scopic X-ray studies. However, they can sometimes cause
severe complications such as hemorraging, inflammation,
perforation or intestinal obstruction, as do colonic diverti-
cula™?.

CT scans, angiography, capsule endoscopy, and double-
balloon endoscopy ate available to identify the source of
the bleeding, such as a hemorrhage from a jejunoileal diver-
ticulum. In contrast to colonic diverticula, non-Meckelian
jejunoileal diverticula are a rare cause of gastrointestinal
bleedingl()]. Due to the low incidence of the condition and
the difficulty of evaluating the small bowel, a pre-operative
diagnosis of bleeding from non-Meckelian jejunoileal di-
verticula is hard to achieve. Thus, this condition often re-
quires laparotomym; few case reports describe a successful
preoperative diagnosis. Zuber-Jerger ¢f a/ report a patient
with hemorrhaging from jejunal diverticula that was dia-
gnosed by capsule endoscopy and double-balloon endo-
scopy'". Jejunoileal diverticula sometimes atise in the ter-
minal ileum, such as in out case, and in such patients, the di-
verticula may sometimes be found by colonoscopic exami-
nation "', AngiographyllSJ and CT scans are also useful
to specify the bleeding focus from a jejunoileal diverticu-
lum. To the best of our knowledge, the present case is only
the second report describing a hemorrhage from a jejunoi-
leal diverticulum which was diagnosed by means of CT
scans'™

In our patient, the bleeding spot was detected in the
distal ileum, approximately 5 cm from the ileocecal valve.
We therefore diagnosed it as a non-Meckelian ileal diver-
ticula rather than Meckel’s diverticulum, which is usually
located within 60-100 cm of the ileocecal valve. Endosco-
pic hemostasis was successfully performed using metal
clips, as in other reported cases' . Generally, for hemor-
rhaging from colonic diverticula, an injection of epine-
phrine, thermocoagulation or mechanical devices such as
metal clips and band ligation"" enables hemostasis'™'. An-
glography and the following embolization are used if colo-
noscopic hemostasis fails, or cannot be performed'"”. This
strategy could be applicable to hemorrhaging from non-
Meckelian jejunoileal diverticula, even though double-
balloon endoscopy must be performed for all jejunoileal
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diverticula except those in the terminal ileum.

In conclusion, in the present case of a hemorrhage
from an ileal diverticulum, contrast CT scans visualized
the diverticulum and extravasation of the contrast media,
allowing accurate diagnosis. A treatment of endoscopic
hemostasis with metal clips was successful.
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acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJGE is an open-access journal, readers around
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quality, peer-reviewed articles from WJ]GE official website, thereby
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the benefits of readers: Readers can read or use, free of charge,
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and (4) Maximization of the benefits of employees: It is an iron law
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that every employee, in an open, fair and transparent environment,
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greatest social and economic benefits.
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