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Figure 1.

Abdominal ultrasound. A large cystic lesion is located in the right hepatic lobe. The

content is homogeneous, without a septum or calcifications, and the intrahepatic bile ducts are

dilated.

Figure 2, Upper abdominal computed tomography. a: Pla-
in computed tomography shows a large 12 ¢m cystic lesion.
b: Contrast computed tomography shows no internal en-

hancement and no enhancement of the cyst wall.

patients for whom detailed medical records of surgery were
available, 1] underwent cystectomy, 9 cyst fenestration, and
5 hepatic resection. Of those who were treated non-
surgically, 6 received only drainage and 16 received drain-
age followed by drug injection {sclerotherapy), using abso-
lute ethanol and minocycline for 7 patients each, and
monoethanolamine oleate for 2 patients.

The prognosis of solitary nonparasitic cysts of the liver
with obstructive jaundice is relatively good. Irrespective of
whether treatment is surgical or nom-surgical, the patient
should have a good clinical course. In the present case, we
selected non-surgical treatment for the initial management in
consideration of the patient’s quality of life.

Selection of the appropriate sclerotherapy type after cyst
drainage is also important. Ethanol can cause abdominal
pain (15), and in some cases overdosage may lead to alco-
holic intoxication (16), while adverse reactions including
eosinophilia have been reported for minocycline (17). Great
care must thus be taken when using these drugs. Monoetha-
nolamine oleate is commonly used for sclerotherapy of
esophageal varices. Iwasaki et al (6) have treated at least 20
patients with symptomatic hepatic cysts using monoethano-
lamine oleate as “cyst sclerotherapy” and reported resolution
or reduced size of the cyst in all cases withont any adverse
reactions or recurrence. As the cyst showed regrowth follow-
ing initial treatment with monoethanolamine oleate, a second
drainage was needed. This regrowth was thought to be
caused by insufficiency of monoethanolamine oleate injec-
tion. However, thereafter, treatment with monoethanolamine
oleate was cffective for our patient. As monoethanolamine
oleate sclerotherapy for hepatic cysts has been reported in
only refatively few cases, further studies with a larger num-
ber of patients are necessary.

In the present case, the dose of injected monoethanola-
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Figure 3. Abdominal magnetic resonance fmaging. a; Tl-
weighted imaging shows a cystic lesion with homogeneous
high signal intensity. b: T2-weighted imaging also shows ho-
mogeneous high signal intensity. ¢ Magnetic resonance
cholangio-pancreatography indicates the presence of a large
spherical lesion near the confluence of the right and left he-
patic ducts that is compressing the intrahepatic bile ducts

and keeping them separate from the common bile duct.

mine oleate was about 0.9 mlkg (60 ml/67 kg; body
weight). Xobashi et al (18) injected monoethanclamine
oleate into rat liver via the portal vein to evaluate liver dam-
age by serum transaminase and histological examination. At
a dose of 0.8 ml/kg, transaminase markedly increased and
the liver demonstrated extensive necrosis histologicatly.
Seven days postinjection, transaminase levels fell within

10.2169/intemalmedicine.45.1408

Figure 4. Endoscopic retrograde pancreatocholangiogra-
phy. Downward compression of the common bile duct, gall
bladder, and cystic duct. No contrast medium is seen in the
intrahepatic bile ducts.

Fisure 5. Upper abdominal computed tomography. The
cystic lesion disappeared after drainage and monoethanola-

mine oleate treatment.

normal limits and the necrotic area had almost disappeared.
Koide (19) injected monoethanolamine oleate into dog liver
via the portal vein and evaluated the damage to the liver,
lung and kidney by blood chemistry and histological exami-
nation, Repeated administration of monoethanolamine oleate
of a total amount of 6 mikg injected on 12, 6 or 3 occa-
sions over a 3-week period produced liver damage. In con-
trast, there was little damage to the lung or kidney. In the
present case, if most of the injected monoethanolamine
oleate volume (0.9 ml/kg) had been absorbed into blood
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Figure 6. Upper abdominal contrast computed tomogra-
phy. Regrowth of the cyst was noted 28 days after the initial

drainage, for which a second drainage was performed.

vessels, liver damage would likely have continued for sev-
eral days. As there was no serious liver damage in the pre-
sent patient, most of the monoethanolamine oleate must
have been aspirated. Watanabe et al (20) reported that retro-
grade infusion of monoethanolamine oleate into the common
bile duct of the guinea pig resulted in extensive hepatic ne-
crosis and hyperammonemia. In the present case, no contrast
medium was detected in the cystic lesion on endoscopic ret-
rograde pancreatocholangiography, indicating that there was
no communication between the cyst and the common bile
duct. This negative finding is very important, because
monoethanolamine oleate injection into the liver cyst would
present serious risk if it did in fact communicate with the
bile duct.

Our patient was diagnosed with a simple cyst based on
the basis of imaging and cytology findings. Since neoplastc
changes of hepatic cysts have occasionally been reported
(21, 22), careful follow-up will be uecessary.
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Endoscopic Submucosal Dissection for Rectal Epithelial

Neoplasia

Background and Study Aims: The technique of endoscopic sub-
mucosal dissection (ESD) has recently been developed for en-
blac resection of gastric tumors. For oncological reasons and in
order to improve the patients’ quality of life, it may be desirable
to use the same technique for rectal neoplasia.

Patients and Methods: Thirty-five consecutive patients with
rectal neoplasia who had a preoperative diagnosis of large in-
traepithelial neoplasias with submucosal fibrosis or located on
the rectal folds were enrolled. ESD was carried out with the
same technique previously described for the stomach, with
some modifications. The efficacy, complications, and follow-up
results of the treatment were assessed.

Results: The rates of en-bloc resection and en-bloc plus RO resec-
tion were 88.6% {31 of 35) and 62.9% {22 of 35), respectively. He-
moglobin levels did not drop by more than 2 g/d! in any of the pa-

tients after ESD. None of the patients had to receive blood trans-
fusions or undergo emergency colonoscopy due to bleeding dur-
ing ESD or hematochezia after ESD. Perforation during ESD oc-
curred in two patients (5.7 %), who were managed with conser-
vative medical treatment after endoscopic closure of the perfora-
tion. Excluding three patients in whom additional surgery was
carried out, all but one of 32 patients were free of recurrence dur-
ing a mean follow-up period of 36 months (range 12-60
months), The exception was a patient in whom a multiple-piece
resection was required; the recurrent (residual) tumor, found 2
months after ESD, was a small adenoma that was again treated
endoscopicaily.

Conclusions: ESD is applicable in the rectum with promising re-
sults, but the technique is still at a developmental stage and pa-
tients should be informed of the potential risks.

Introduction

The standard techniques for endoscopic resection of tumors in
the lower gastrointestinal tract involve injection and cutting;
these methods of endoscopic mucosal resection (EMR) are used
not only in Japan [1] but also in Western countries [2]. However,
the specimens obtained with this technique have size limita-
tions. En-bloc resection is particularly desirable in larger and
complicated lesions such as laterally spreading tumors, as it al-
lows histological evaluation to be carried out easily and accu-
rately. In addition, higher recurrence rates have been reported
after multiple-piece resection in comparison with en-bloc resec-

tion [3.4]. To overcome these problems, the tumors are some-
times resected surgically even if they are limited to the mucosa.

The method of endoscopic submucosal dissection {(ESD) was de-
veloped for en-bloc resection of large or ulcerative tumors in the
stomach. Recent case reports have also described the use of this
technique in the colorectum, with an insulated-tip diathermic
knife (IT knife) [5] or a needle-knife with sodium hyaluronate
[6.7]. However, there have been no reports to date evaluating
outcomes with ESD treatment for rectal neoplasia. The present
study assessed the outcomes of ESD with a specially developed
technique for rectal neoplasias.
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Figure T Endoscopic submucosal dissection for rectal neoplasia. a
Chremoendoscopic view with indigo carmine dye, showing demarca-
tion of the margin of the lesion, which is a type 0-l1a, laterally spread-
ing, intramucosal adenocarcinoma in adenoma, 5 cm in size, located
in the middle rectum. b Submucosal injection at the oral margin of
the lesion, with the endoscope in a retroflexed position. cinitial muco-
sal incision at the oral margin of the lesion, with the endoscope in a
retroflexed position. d Submucosal injection at the anal margin, with
the endoscope in a straight position. e Mucosal incision at the anal

Patients and Methods

Between February 2001 and February 2005, 35 consecutive pa-
tients with rectal neoplasia were treated with ESD at the Univer-
sity of Tokyo Hospital. The patients provided written informed
consent to the ESD treatment. The indication for ESD was estab-
lished on the basis of the endoscopic features of the lesions, as-
sessed using chromoendoscopy with or without magnifying en-
doscopy. For an ESD procedure to be indicated, the lesions had to
meet one of the following criteria:

— Intraepithelial neoplasias > 2 ¢m in size or on the rectal folds
that might have required a multiple-piece resection with the
inject-and-cut technigue.

~ Intraepithelial neopiasias with scarring due to previous endo-
scopic treatment or biopsies, showing the nonlifting sign.

The endoscopic characteristics of the tumors were classified in
accordance with the Paris endoscopic classification (8], and the
tumor locations were grouped into the lower rectum (from the
anal verge to the middle fold of Houston) and upper rectum
(from the middle fold of Houston to the rectosigmeoid junction).

The ESD Procedure

ESD was carried out using a single-channel upper gastrointesti-
nal endoscope with a water-jet system (Olympus XGIF-Q240M,
Olympus Corporation, Tokyo, Japan or Pentax EG-2931, Pentax
Corporation, Tokyo, Japan) and a high-frequency generator with
an automatically controlled system (Endocut mode; Erbotom ICC
200, Erbe Elektromedizin Ltd., Tiibingen, Germany). A trans-

margin and extension of the incision in a circumferential manner
around the fesion, with the endoscope in a straight position. f Repeti-
tion of submucosal injections from the exposed submucosal layer and
dissection of the submucosal connective tissue until the lesion de-
taches. g The artificial ulcer after removal. The vessels on the ulcer
base are treated with hemostatic forceps to prevent delayed bleeding,
and the ulcer base is sprayed with liquid sucralfate. h Complete resec-
tion of the lesion in one piece.

parent cap was attached to the tip of the endoscope to provide a
constant endoscopic view and to apply tension to the connective
tissue for submucosal dissection. An example of the procedure is
shown in Figure 1.

1. Creating a submucosal fluid cushion. A mixture of a 1% 1900
kDa hyaluronic acid preparation (Suvenyl, Chugai Pharmaceuti-
cal Co., Tokyo, Japan) plus normal saline (from January 2001 to
October 2003} or 10% glycerin plus 5% fructose and 0.9% saline
preparation (Glyceol, Chugai Pharmaceutical Co., Tokyo, Japan;
from November 2003 to February 2005) was used as a submuco-
sal injection solution. The hyaluronic acid preparation was re-
placed due to new information obtained about submucosal in-
jection solutions [9,10]. The mixing ratio of the earlier and later
solutions was also changed from 1:3 {from January 2001 to
March 2004) to 1:7 (from April 2004 to February 2005} due to
technical advances. To clarify the area for submucosal injection
and to distinguish clearly between the muscle layer and the sub-
mucesal layer and allow better hemostasis, indigo carmine and
epinephrine were added to produce concentrations of 0.005%
and 0.0005%, respectively. About 2 mj of the solution was injec-
ted into the submucosal layer just cutside the tumor in each in-
jection, and the injection was repeated a few times until the tar-
get mucosa was sufficiently raised.

2. Incising the mucosa outside the tumor. After lifting of the tu-
mor, a mucosal incision was made with a tip of an electrosurgical
snare (thin type) (Olympus SD-7P-1, Olympus, Tokyo, Japan;
from January 2001 to October 2002) or FlexKnife (Olympus KD~
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630L; from November 2002 to February 2005), as previously re-
ported [11,12]. The knife was fixed at a length of 1-2 mm and
gently pressed onto the mucosa to produce a cutting effect, using
the endocutting mode with effect 2 (output 60 W). The distal
(oral) half of the mucosal incision was completed first, followed
by the proximal (anal) haif, A retroflexed scope position was used
to make the distal incision, if possible, and a straight scope posi-
tion was used for the proximal incision.

3. Dissecting the submucosal layer beneath the tumeor. Before
the incision was made all round the tumor, dissection of the sub-
mucosa was started from the area in which the mucosal incision
was completed, to prevent the lifted area from flattening over
time. The principal knife used for submucosal dissection was
the same knife with the same length as for the mucosal incision,
using forced ceagulation mode (output 40 W). In situations in
which dissection was difficult, a hook knife (Olympus KD-
620LR) [13] was also used. The exfoliated fragment tended to
hang down due to gravity, and the patient's position was there-
fore changed - e.g., from supine to prone - to facilitate visuali-
zation of the tissue plane until the tumor was detached from the
rectal wall. To control bleeding, hemostatic forceps (Pentax
SDB2422 or an Olympus FD-410LR Coagrasper} were used in
soft coagulation mode (output 50 W),

4. Treatment of the artificial ulcer after ESD. After resection of
the tumor, visible vessels in the artificial ulcer were treated with
hemaostatic devices in soft coagulation mode {output 50 W) to
prevent delayed bleeding. Finally, sucralfate was sprayed onto
the ulcer base both to confirm hernostasis and to coat the surface
of the ulcer [14].

Immediately after the ESD procedure, the patients were allowed
to take a small amount of water. On the next day, if the patients’
symptoms, laboratory findings, and abdominal radiography were
unremarkable, a light meal was permitted and the patients were
discharged within 1 week. If complications occurred, the sche-
dules were changed in accordance with the patient’s condition.

Histological classification was carried out microscopically in

accordance with the revised Vienna classification of gastrointes-

tinal epithelial neoplasias [15,16]. If there was massive submu-

cosal invasion (sm2 or deeper, > 1000 wm below the muscularis

mucosae), poorly differentiated adenocarcinoma, and/or vascu-

lar infiltration - regarded as indicating a high risk of positive

lymph nodes ~ surgical intervention was recommended [8,17].

The extension of tumor cells into the resection margin was eval-

uated as previously reported [18]:

- Complete resection (R0): the lateral and basal resection mar-
gins are free of tumor (en-bloc resection essential).

~ Incomplete resection (R1): the tumor extends into the lateral
or basal margin.

- Resection not evaluable (Rx): the margins are not evaluable
due to the artificial effects of coagulation necrosis or multi-
ple-piece resection.

Resectability in the lower and upper recturn was compared using
the chi-squared test, with a P value <0.05 being regarded as sig-
nificant.

Fujishiro M et al. Endoscopic Submucosal Dissection in the Rectum -

All of the patients were followed up with colonoscopic examina-
tions 2 months after ESD, to confirm healing of the artificial ulcer
and assess any residual tumor; 1 year after ESD; and then an-
nually to check for recurrence or other tumors throughout the
colorectum. In cases of R1 or Rx resection, at least one biopsy
was necessary to confirm that there was no residual tumor at
the colonoscopy 2 months after ESD, even if the artificial scar
did not appear to show any residual tumor. At the subsequent
follow-up colonoscopies, it was left to the colonoscopist's discre-
tion whether or not to take a biopsy. Abdominal and pelvic com-
puted tomography (CT) examinations were also carried out an-
nually for assessment of malignant neoplasias and in patients in
whom there was submucosal invasion without additional sur-
gery. In addition, CT findings and tumor markers were assessed
every 6 months.

Resuits

Table 1 summarizes the clinicopathological features of the rectal
neoplasias treated with ESD. Histological assessment showed
that five of the tumors had invasion into the submucosa. Three
were sm2 tumors with or without vessel infiltration. An addi-
tional rectal resection with lymphadenectomy was carried out
in these three patients in whom no residual tumor or nodal me-
tastases were found, The other two tumors with minute invasion
into the submucosa (sm1, < 1000 um below the muscularis mu-
cosae) were closely followed up without additional surgery, as a
recent study showed that the rate of lymph-node metastases in
such tumors is almost zero [17].

The rate of en-bloc resection and details of the histological mar-
gins of the resected specimens are shown in Table 2, Among 35
rumors, 31 (88.6 %) were resected in an en-bloc fashion, but his-
tological evaluation showed that the resections were Rx (lateral}
in four tumors (11.4%) and R1 (lateral} in nine tumors (25.7 %). All
of the tumors were resected with tumor-free basal margins, The
RO resection rate was lower in the lower rectum than in the up-
per rectum, with a significant difference (P<0.05),

Minor bleeding occurred in all of the tumors, but hemostasis was
achieved during the procedures. The mean change in hemo-
globin levels before and after the ESD procedures was - 0.5 gfdl
(range -14 to *1.4g/dl). The hemoglobin level dropped by
more than 1gfdl in 10 patients (28.6%). None of the patients
had massive hemorrhage requiring blooed transfusion or emer-
gency cofonoscopy due to hematochezia after ESD.

Perforations occurred with two tumors (5.7 %). One was a O-lla+f
lesion of the laterally spreading type, a submucosal adenocarci-
noma (sm1) in high-grade adenoma, 5 cm in size, located in the
upper rectum. During dissection of the submucosal layer under
the tumor, tearing of the muscle layer occurred, and this devel-
oped into a perforation, The perforation was small, less than
2 mm, and immediate suturing of the perforation by endoscopic
clipping was carried out. Abdominal and chest radiography after
completion of the en-bloc resection revealed pneumoperito-
neum, pneumoretroperitoneum, and pneumomediastinum. The
patient did not report abdominal pain except for abdominal dis-
tention, and conservative treatment with fasting and antibiotics

Endoscopy 2006; 38: 493 -497
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Table1 Clinicopathological features of rectal neoplasias {for ter-
minology, see refs. {8, 16])

Mean size (range) 32.8mm (9-91)

Location
Lower 14
Upper : 21
Macroscopic type
Is 7
la+|, 15T* 14
lla, LST 13
lla+llc i

Histological depth
Low-grade adenoma
High-grade adenoma 0
Noninvasive carcinoma 13
smi 2
sm2 or deeper 3
Vascular infiltration
Present 1
Absent 34

LST, laterally spreading tumar.

Table2 En-bloc resection rate and histological margin of the re-
sected specimens

Upper rectum Lewer rectum Whole rectum

fn=21) (n=14) (n=35)

n % n % n 4
En-bloc resection 18 85.7 13 92.9 n 88.6
RG resection 16 76.1 6 429 22 62.9
R1 (lateral)’ 2 9.5 7 50.0 9 257
R1 (basal) 2 0 - 0 - 0 -
Rx (lateral) * 3 14.3 i 7.1 4 1.4
Rx {basal) 3 0 - 0 - 0 -

1. Tumor extending to laterzl margins.
2. FTumor extending to basal margins.
3. Margins not evaluable,

resulted in an uneventful recovery. The maximum C-reactive
protein (CRP) level was 4.1 mg/fdl; oral intake was started 7 days
after ESD and the patient was discharged from the hospital 14
days after ESD. The other perforation was with a type 0-lla lesion
of the laterally spreading type, a noninvasive carcinoma in a
high-grade adenoma, 2.5 cm in size, located in the upper rectum.,
During treatment of a visible vessel, the hemostatic forceps
passed through the muscle layer by accident. The perforation
was immediately sutured with endoscopic clipping and the ESD
procedure was completed in an en-bloc fashion. Abdominal
radiography after ESD did not show any air accurnulation. Fasting
for 2 days and antibiotic treatment led to an uneventful recov-
ery; oral intake was started 3 days after the ESD procedure, and
the patient was discharged from the hospital 6 days after ESD.

The follow-up colonoscopies 2 months after ESD identified only
one tumor (2.8 %), in which a multiple-piece resection had been
carried out - type 0-lla, laterally spreading type, 5 cm in size, a
noninvasive carcinoma in high-grade adenoma located in the
lower rectumn - with a persistent small adenoma on the ESD
scar. This was treated by argon plasma coagulation, and no fur-

ther recurrence was observed. In all 32 tumors (excluding the
three cases in which additional surgery was carried out), except
for the above case, the patients remained free of recurrences dur-
ing a mean follow-up period of 36 months (range 12-60
mornths).

Discussion

Endoscopic submucosal dissection in the stomach is a new form
of endoscopic treatment |11,13,19-21] that has developed from
the endoscopic mucosal resection method, involving focal injec-
tion of a solution of hypertonic saline and epinephrine [22]. The
technique is also theoretically applicable with colorectal tumors,
but the procedure is associated with a relatively high frequency
of perforation [19,21,23]. In the case of the stomach, some re-
ports have described nonsurgical treatment for perforation with
endoscopic clipping, nasogastric tube placement, antibiotic
treatment, and prohibiting oral intake for a few days [24]. How-
ever, considerable caution is required when ESD is carried out in
the colorectum, due to the risk of bacteria and feces entering the
intra-abdominal space and causing severe peritonitis if perfora-
tion occurs.

The use of ESD in the treatment of rectal neoplasia was investiga-
ted in the present study firstly because the rectum is fixed in the
retroperitoneum, so that the endoscope is more easily maneu-
vered than in other organs in the gastrointestinal tract, and sec-
ondly because panperitonitis may be less likely even if the mus-
cle layer tears. Two patients in the present study suffered per-
foratien, but in both cases it was possible to manage the condi-
tion without surgical treatment. Perforation during colonoscopy
can be managed non-surgically in many cases if the perforation
is noticed immediately and closed during the procedure in con-
ditions of clean bowel preparation {25,26]. When there is per-
foration into the retroperitoneal space, it has been reported that
the pressurized air from the tip of the endoscope can cause pneu-
moretroperitoneurm, pneumomesenterium, pneumomediasti-
num, pneumothorax, pneumoscrotum, and subcutaneous em-
physema [27,28]. It must also be borne in mind that symptoms
of perforation may not be noticed due to pneumoperitoneum or
abdominal pain, but only in the form of chest pain or dyspnea
after a delay.

In comparison with the high en-bloc resection rate, the RO resec-
tion rate was quite low in the present study, particularly in the
lower rectum. It is of course important to attempt complete re-
section and confirm it histologically as far as possible. On the
other hand, however, postoperative disorders such as stenosis
and the increasing complication risks that may occur after wide
mucosal resection also have to be taken into account. In the case
of tumors in the lower rectum, the anal margin also has to be to
cut minimally in order to prevent anal pain after ESD. The muco-
sal incision was therefore made very close to the tumors, and this
may have led to resections histologically assessed as being in-
complete or not evaluable. The fragile nature of the mucosa also
led to the resected specimens being partly torn in some cases
during collection and stretching. The lateral margins of rectal tu-
mors are clearly identified endoscopically, so it is rare to mistake
them. With this approach, careful follow-up is necessary to de-
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In Brief

This series of 35 patients with adenomas (low-grade and high-
grade intraepithelial neoplasia) and also early cancers shows an
89% rate of en-bloc RO resection; perforation occurred in 6%
(managed conservatively). Three patients with cancer underwent
surgery due to more than minimal submucosal infiltration, and 31
of the remaining 32 patients remained recurrence-free during a
3-year follow-up period despite a somewhat low RO resection
rate en bloc (63 %).

tect any evidence of local recurrence, as complete removal may
be possible in repeat procedures. Even if local recurrence should
develop from positive lateral tumor margins, the recurrent le-
sions can usually be controlled with further endoscopic treat-
ments, as they are likely to be intramucosal tumors, as in the
present study. Positive vertical tumor margins are of course a dif-
ferent issuie, and an additional rectal resection should be con-
sidered immediately in such cases.

In summary, this study shows that ESD is a promising technique
that can be used in the resection of rectal neoplasias. However,
ESD in the rectum is still in a developmental stage at present; pa-
tients need to have the risks explained to them, and further re-
finement of the techniques used are necessary.

Competing interests: None declared.
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Safety of Argon Plasma Coagulation for Hemostasis
During Endoscopic Mucosal Resection
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Abstract: Showing the safety of argon plasma coagulation
(APC) over mucosal defects duringfafter endoscopic mucosal
resection {EMR), 2 studies using resected pig (ex vivo) and living
minipig (in vivo) stomachs were performed. As an ex vivo study,
APC was applied over mucosal defects in 2 groups; with prior
submucosal saline injection and without injection. Only subtle
tissue damage was observed in the injection group, whereas
apparent damage was observed in the noninjection group. The
damaged distances in depth significantly increased as the pulse
duration increased and those at the puise duration of 4 seconds,
which might be maximal in clinical practice, were approximately
lmm. As an in vivo study, APC was applied over mucosal
defects immediately after EMR. Only subtle tissue damage was
observed even at the pulse duration of 20 seconds as shown in
the ex vivo study. APC can be performed safely over the
mucosal defects duringfafter EMR.

Key Words: argon plasma coagulation, endoscopic mucosal
resection, tissue damage, hemostasis

(Surg Laparosc Endosc Percutan Tech 2006;16:137-140)

ndoscopic mucosal resection (EMR) is actively per-

formed especially in Japan for the treatment of
esophageal, gastric, and colorectal tumors. One of the
major EMR complications is bleeding' and argon plasma
coagulation (APC) has been applied, as well as hemoclips,
injection therapy or other thermocoagulalion techniques,
to prevent or cope with bleeding.>’ Although APC is
considered to be an innovative, effective and safe
endoscopic tocl for devitalization of tissue and hemo-
stasis in the gastrointestinal tract, the data showing the
safety of APC were obtained from the coagulation over
the mucosal surface.® No study was performed showing
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the safety over the exposed submucosal layer, which
sitnation was clinically experienced in hemostasis during/
after EMR.

MATERIALS AND METHODS

As an ex vivo study, porcine stomachs were used
within 2 hours after resection. Before application of APC,
mucosal defects imitating those during or immediately
after EMR were made on the stomachs as followings: (1)
Five milliliters of normal saline containing 0.0005%
epinephrine and 0.005% indigo carmine was injected into
the submucosal layer at separate sites of the stomachs,
using a disposable syringe and a 23-gauge needle. (2) The
elevated mucosal layer made by injection was resected
roundly using scissors to make mucosal defects contain-
ing the injected fluid with approximately 3 to 5cm in the
maximal diameter. EMR was usually performed by using
a polypectomy snare and a high-frequency current, but
scissors were used in this study because the size of
resected area could be easily controlled and thermocoa-
gulation for resection might influence tissue damage,
which complicated the data analysis. The unit used was
the standard APC equipment consisting of a high-
frequency generator (Erbotom ICC 200), an automati-
cally regulated argon source (APC 300), and a flexible
APC applicator, 2.3mm in diameter. All of them were
products of ERBE Elektromedizin, Tiibingen, Germany.
The power setting was 40 or 60 W and argon gas flow was
1 or 2 L/fmin, which was usually used for hemostasis in the
clinical practice. Although the pulse duration needed for
hemostasis was less than 5 seconds from our clinical
experiences, pulse duration of 2, 4, 8, 20 seconds was
tested to check the safety of APC. As separations of 2 mm
or shorter between a probe and a tissue were necessary to
produce a coagulation arc,® a jet of ionized argon plasma
was radiated on the tissue from a separation distance of
2mm at a 90-degree angle. As the controls, mucosal
defects without submucosal mjection, which were made
by pealing the mucosa away from the remaining muscle
fayer by using a knife, were also examined in the same
settings. After the coagulation was performed, the speci-
mens were cut on the points of coagulation and fixed with
formalin and embedded in paraffin. A histologic section
was made from each block and stained with hematoxylin
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FIGURE 1. Macroscopic appearance of tissue damage by
argon plasma coagulation over the mucosal defect made after
saline injection into the submucosa. Only subtle superficial
coaqulation is observed on the surface of the mucosal defect
(arrow). The setting is pulse duration of 20 seconds, power of
60W and argon gas flow of 2 L/min.

and eosin and examined tissue damage microscopically.
Each condition was tested 5 times and a mean distance of
tissue damage in depth at each condition was compared.
As a statistical analysis, Mann-Whitney U test was
adopted and a P-value of <0.05 was considered as a
significant difference.

Subsequently to the ex vivo study using the resected
porcine stomachs, a similar investigation was carried out

FIGURE 2. Microscopic appearance of tissue damage by
argon plasma coagulation over the mucosal defect made after
saline injection into the submucosa. Only a minute damage of
submucosal connective tissue is observed on the surface of the
mucosal defect. The setting is pulse duration of 20 seconds,
power of 60W and argon gas flow of 2L/min (hematoxylin
and eosin stain, original magnification x 20).
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in 3 living minipig {Sus scrofa; Miniature Swine; Chugai
Research Institute for Medical Science, Inc, Nagano,
Japan) that were fasted overnight and then placed in the
left lateral decubitus position after tracheal intubation
and induction with general anesthesia. The stomachs were
sufficiently inflated with air after the residual food and
mucus on the mucosal surface were washed out with
tapped water which was splashed from the instrumental
channel of an endoscope. After these preparations, EMR
using endoscopic aspiration mucosectomy method® was
carried out on the gastric body to create 3 mucosal defects
per stomach. APC was applied over the mucosal defects
immediately after EMR, at the setting of the power of
60W and the argon gas flow of 2L/min. The pulse
duration was changed as 5, 10, and 20 seconds. Different
pulse duration was used for different mucosal defects of
each stomach. Although it was difficult to apply APC at
the same condition, we tried to keep 2 separation distance
of an applicator and tissue approximately 2 mm and the
angle 10 to 30 degree. After the coagulation was
completed, the minipigs were killed without delay and
the resected stomachs were examined microscopically as
the previous ex vivo study.

RESULTS

In the ex vivo study, coagulation arc was produced
consistently at all the examined conditions. Only subtle
superficial coagulation could be pointed out macroscopi-
cally on the mucosal defects in the injection group
{Fig. 1), even though condition was set at the power of
60W, the argon gas flow of 2L/min and the pulse
duration of 20 seconds. On the other hand, apparent
coagulation necrosis was observed in the noninjection
group even at the condition of the power of 40 W, the
argon gas flow of 1L/min and the pulse duration of
2 seconds. Histologic findings revealed that tissue damage
from the surface of the mucosal defects was too subtle
to measure the distances in depth in the injection group
(Fig. 2), whereas those in the noninjection group were
measured as shown in Table 1. As the pulse duration
increased, the damaged distance in depth increased
significantly at each setting of the power and the argon
gas flow (Fig. 3). When comparing different power and
argon gas flow at the same pulse duration, there was
no significant difference at the pulse duration of 2 or
4 seconds. On the contrary, at the pulse durations of
8 and 20 seconds, the damaged distances in depth at the
power of 60W and the argon gas flow of 2L/min were
significantly deeper than those of the other settings.

The subsequent study using living minipigs sup-
ported the results obtained by the resected stomach.
Tissue damage on the mucosal defects immediately after
EMR was too subtle to measure, even though the pulse
duration was 20 seconds (Figs. 4, 5).

DISCUSSION

APC has been available in flexible endoscopy since
1991 and applied for treatment of various lesions, such as

© 2006 Lippincoit Williams & Wilkins
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Argon Plasma Coagulation and
Fndoscopic Mucosal Resection

TABLE 1. Distances of Tissue Damage in Depth Over the Mucosal Defects Without Saline Injection Into the Submucosa

Settings (mean = 5D} 2s 4s 8s 20s
40'W and 1 L{min (mm) (.32 £ 0.08 1.00 £ 0.07 1.52 £ 0.30 2.52£0.19
40'W and 2 L{min (mm) 0.38 +£0.08 110 £ 0.16 1.74 £ 0.23 242 4+ Q.25
60 W and 1 L/min {mm) 0.40 £ 0.07 094 £ 0.11 1.90 = 0.27 2.38 £ 0.40
60W and 2 Limin {(mm) 0.44 £ 0.11 0.98 £ 0.13 2.36 + 0.26* 2.94 x 027

*The valucs are significantly different from the other values al the same pulse duration (P < 0.05).

hemorrhages, malignant and benign tumors, tissue
ingrowth and overgrowth of stents, angiodysplasias,
dysplasia, and so on.'” One of the advantages of APC is
considered to be a controllable depth of coagulation (0.5
to 3mm),"” and a rate of perforation is reported to be less
than 0.3% in the clinical practice,!® which is extremely
low in comparison with that of laser therapy.'? However,
it is uncertain if the possibility of perforation increases or
not, when APC is applied over the mucosal defect during
or after EMR. This study showed that APC caused only
subtle superficial damage when applied over mucosal
defects during or immediately after EMR. Among
available hemostatic techniques, APC is preferable
especially in case of bleeding from the mucosal defect
especially during EMR, because APC never disturb the
next step of EMR like a hemoclip and tissue damage of
injection therapy or other thermocoagulation techniques
is considered to be no less than that of APC.

On the other hand, the noninjection group showed
that the depth of tissue damage became significantly
deeper as pulse duration increased. In the clinical
practice, pulse duration for APC is usually limited to less
than 5 seconds per bleeding vessel and then, another
hemostatic method such as a hemoclip or injection

FIGURE 3. Microscopic appearance of tissue damage by
argon plasma coagulation over the mucosal defect made
without saline injection into the submucosa. Tissue damage is
extended to the deeper layer of the proper muscle layer. The
setting is pulse duration of 20 seconds, power of 60W and
argon gas flow of ZL/min (hematoxylin and eosin stain,
original magnification x 6).

© 2006 Lippincott Williams & Wilkins

therapy 1s applied, when hemorrhage cannot be con-
trolled by APC. Although a significant difference between
the settings of the power and the argon gas flow was
observed at the pulse duration of over 8 seconds in the
noninjection group of this ex vivo study, these longer
pulse durations are unrealistic in the clinical practice. So
we may consider that the difference between 40 and 60 W
or 1 and 2 L/min was not major concern with respect to
tissue damage. Furthermore, this ex vivo study showed
that the distance of tissue damage in depth was
approximately 1 mm, when APC was applied at the pulse
duration of 4 seconds, which mght also encourage us to
use APC with little fear of perforation over the bared
submucosal layer such as a peptic ulcer base or mucosal
defects long time after EMR, although these findings may
be confirmed in another in vivo study.

Complete different results were obtained in tissue
damage between the injection group and the noninjection
group. No data are available up to date, but the difference
is speculated to be mainly caused by rapid cooling of

FIGURE 4. Endoscopic appearance of tissue damage by argon
plasma coagulation over the mucosal defect immediately
after EMR in a living minipig. Coagulation is slightly observed
on the mucosal defect. The setting is pulse duration of
20 seconds, power of 60W and argon gas flow of 2 L/min.
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FIGURE 5. Microscopic appearance of tissue damage by
argon plasma coagulation the mucosal defect immediately
after EMR in a living minipig. Only subtle tissue damage of the
submucosal layer is observed on the surface of the mucosal
defect. The setting is pulse duration of 20 seconds, power of
60W and argon gas flow of 2L/min (hematoxylin and eosin
stain, original magnification x 20}.

coagulation arc with trapped fluid in the submucosal
layer. So the volume of containing water may be one of
the major dependent factors influencing the extent of
tissue damage. The next promising study to confirm the
above speculation may be the setting of different
thickness of the exposed submucosal layer created by
different volume of saline injection.

In summary, this experimental study showed that
APC on the mucosal defects for hemostasis during and
immediately after EMR was extremely safe even at a
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longer pulse duration and the shorter pulse duration
generally used for hemostasis in the clinical practice might
be safely performed on the bared submucosal layer such
as a peptic ulcer base or mucosal defects long time after
EMR.
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Abstract Risk of knee osteoarthritis (OA) was assessedin a
population-based case-control study of Japanese men. The
study covered three heaith districts in Wakayama and
Osaka prefectures, Japan. Subjects were malc individuals
245 years old diagnosed radivgraphically with knee OA,
and who did not display any established causes of secondary
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OA. Controls selected randomly from the general popula-
tion were individually matched to cases for age. sex, and
residential district. Subjects were interviewed using struc-
tured questionnaires to determine medical history, physical
activity, sacio-economic factors, and occupation, Interviews
were oblained from 37 cases and 37 controls. In univariate
analysis, heaviest weight in the past and physical work such
as factory, construction, agricultural, or fishery work as the
principal occupation significantly raiscd the risk of malc
knee OA (P < 0.05). Odds ratios (OR)} were determined
using conditional logistic regression analysis mutually ad-
justed for potential risk factors using the results of
univariate analysis. Heaviest weight in the past (OR 6.01,
95% confidence interval (CI) 1.18-30.5, P < 0.05}, past knee
injury (OR 6.25, 95% CI 1.13-34.5, P < 0.05). and physical
work as the principal occupation (OR 6.20, 95% CI 1.40-
27.5, P < 0.05) represented independent factors associated
with knee OA after controlling for other risk factors. Physi-
cal work is associated with knee OA, demonstraling the
influence of working activity on the development of OA.
The present study suggests that risk factors for knee OA in
men resemble those in women.

Key words Case control study - Heavy weight - Knee joint -
Osteoarthritis (OA)- Physical work

fntroduction

Since osteoarthritis (OA) is a frequent cause of pain and
disability in elderly individuals, the recent World Health
Organization report on the global burden of disease indi-
cated knee OA as an increasingly important cause of dis-
ability in both men and women, suggesting that strategies
for preventing OA are urgently required.! In Japan,
knee QA seems to represent a frequent cause of pain and
disability, but few epidemiological studies have examined
associated lactors.

Several investigations regarding risk factors for hip
and knee OA performed in Western populations have
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suggested obesity. previous injury, polyarticular joint in-
volvement, and occupational activities as important risk fac-
tors for the disorder.” However, few studies of risk factors
lor OA in Japanese populations have been performed. Our
carlier case-control study of hip OA identilied some varia-
tions in risk factors in Japan.” In the previous case-control
study of hip OA, occupational lifting was identified as a risk
factor and sedentary work as a protective factor for hip OA.
In addition, obesily was not identilied as a risk lactor for
Japanese hip OA. For contrast, an identical case-conlrol
study was performed for knee OA in women in a Japanese
population.” In the female study, risk factors of obesity,
previous knee injury, and peried of total work were
identified, and sedentary work as the inttial occupation
represented a preventive factor." The results from these
two investigations suggest various similarities and differ-
ences in risk factors between hip and knee QA in Japanese
populations.

The present study sought to clarify risk factors for
knee OA among men in Japan, by performing a survey
tdentical to that used in the previous female knee OA study.
Results for men were compared to those from the female
study." Risk factors were then compared between knee OA,
and hip OA to address differences in risk factors for consti-
tutional and mechanical factors between OA at different
sites. Finally, risk [actors for knee and hip OA were com-
parcd to those identificd in a British study’"” that used
identical methods to the Japanese studies, to clarify differ-
ences in risk factors for QA between Japanese and Western
populations.

Patients and methods

Methods of data collection in the present study were basi-
cally identical Lo those of the case-control studies lor [emale
knee OA and hip OA reported previously."" A brief sum-
mary is provided here. Cases were identified from the regis-
tration systems of the six hospitals participating in the study,
which were located in three cities in Japan (Wakayama City
and Arita City in Wakayama Prefecture, and Sennan City in
(Osaka Prefecture).

Cases comprised men 245 years old who suffered knee
pain and walking difficulties, and who were first diagnesed
by an orthopedic surgeon as displaying a libiofemoral joint
with radiographic grade of =3 on the Kellgren and
Lawrence scale’’ within the year preceding the start of the
study. Cases with a history of knee injury in the previous
year, rheumatoid arthritis, or ankylosing spondylitis were
excluded.

For each case, a single control was randomly
selected [rom among men of the same age and district of
residence on city regisiers of the local population, which
are updaled as residents move into or leave the city. Con-
trols who had sullered knee OA were excluded from the
study.

All eligible cases and controls were initially approached
using a letter to determine willingness to participate in the

25

study. After providing informed consent, cases and controls
were interviewed by the same trained interviewer.

An identical questionnaire to that used in the British
case-control study was used Lo ascertain risk lactors of knee
OA.""" The questionnaire was translated and back-Lrans-
lated from Japanese to English. Subjects completed a struc-
tured questionnaire that requested details of medical
history, socio-economic status and education, cigarette
smoking and alcohol consumption, lunctienal status, and
lifetime history of leisure activities. Lifetime history of
leisure activities included participation in sports such as
soccer, swimming, tennis, cricket, and golf, in addition to
frequency and duration of less physical activilics, such as
gardening. Information about eight types of occupational
physical activity was requested, namely: standing; sitting;
climbing stairs: kneeling; squatting; driving; walking; and
heavy lifting. Information on these activities was obtained
for the initial job, defined as the earliest job reported, and
for the principal job, defined as the job at which the subject
had worked longest. For each job, the questionnaire en-
quired whether work entaled lifting weights (210kg,
225kg, or 250kg) more than once during an average work-
ing week. Tnformation regarding use of (ransport, including
frequency and duration of cycling and motorcycling was
obtained. Information was also requested on the involve-
ment of other joints, including hands, shoulders, and hips.
Furthermore, questions were added about back pain and
stiffness, which were not included in the British study. Once
heaviest reported weight after 25 years old was obtained,
height and weight of each subject was measured at the time
of the interview.

After analysis to clarily risk for male knee QA results
were compared between men and published resuits for
women."" Risk factors for knee OA. and hip OA were also
compared to address differences in constitutional and me-
chanical risk factors between OA at different sites. Finally,
risk [actors for knee and hip OA were compared (o the
findings of the British study, which used identical methods
to the Japanese studies.

Data were calculated using McNemar's Chi-square test
and conditional logistic regression tests for matched scts.
Results were summarized as odds ratios (OR) with 95%
confidence intervals (CI). Odds ratios were calculated for
categories of exposure, and tests of trend were performed
across these categorics. Statistical analyses were performed
using SPSS statistical software (SPSS, Chicago. IL, USA)
and the STATA slatistical package (STATA, College Sta-
tion, TX, USA).

Results

A total of 40 men 245 years old (ulfilled the entry criteria
for the study. Among these eligible cases, 37 men (92.5%)
agreed 1o parlicipate after information was provided.
Unilateral knee OA (n = 21) was more common than bilat-
cral discase {# = 16). Among the 21 men with unilateral
discase, OA tended to be right-sided (n = [3) more often
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than left-sided (n = 8), but no significant difference was
identified.

For controls, we approached age-, sex-, and residence-
malched candidates for each case. To recruit the 37
malched contrels, we approached 70 subjects (overall re-
sponse rate 52.9%).

Table I shows background characteristics for the 37 case-
control pairs in the present study. Mean body weight was
significantly greater for cases than for controls (P < 0.03).
Furthermore, body mass index was significantly higher for
cases than for controls (P <0.05). No differences in personal
habits such as smoking or drinking were noted between
cascs and controls.

The association between knee OA and heaviest reported
body weight was analyzed. Under univariate analysis, mean
heaviest reported body weight for cases was 72.1 kg (stan-
dard deviation {(SD) = 13.0kg), significantly higher than that
{for controls (P < 0.01) in men. Odds ratios for heaviest
reported body weight were 1.07 (95% CI 1.02-1.13), sug-
gesting that a 1-kg increase in heaviest reported body
weight raised the risk of knee OA by 7%.

To more clearly address the influence of hcavicst re-
poried weight on development of knee OA, cases were
categorized into the following three groups according to the

Table 1. Anthropometric and background characteristics of cases and
controls for knee OA in men

Men

Cases Controls
No. of participants 37 37
Age (years) 70.0 £ 6.6 70,1+ 7.0
Weight (kg) 641 £ 107+ 593487
Height {cm) 162.5+6.9 163.0 £ 6,7
Body mass index (kg/m?) 242 + 3.4+ 22438
Heaviest weight in the past (kg) 721 £13.0%* 64.0+92
Age at the heaviest weight {years) 374+ 15,1% 517178
Current smoking (%) 16 (43.2) 15 (40.5)
Current drinking 20 (54.1) 22 (59.5)

(=5 times/week, %)

Mean + SD; percentage in parentheses
*P < .05, ** P < (.01 cases vs controls

Table 2, Occupations reported as initial and principal jobs in men

distribution of heaviest reported weight: high, 272.0kg;
middle, 61.0-72.0kg: and low. <61.0kg. These categories
were defined by dividing total distributions into equal
thirds. Cases in the high group displayed a >4-fold elevation
in risk compared with cases in the low group (OR 4.22,95%
CI 1.13-13.8 for high vs low, P < 0.05: OR 1.60, 95% CI
0.50-5.08 for middle vs low, P = 043} (Fig. 1).

The association between knee OA and history of injury
in other joints was caleulated. Under univariate analysis,
although ORs exceeded a 2-fold increase, no significant
difference was abserved between cases and controls (OR
2.50, 95% CI 0.78-7.97 for yes vs no, P =0.12).

The association between knee OA and methods of trans-
portation was examined by comparing the frequency of
regular bicycle use between cases and controls. Under
univariate analysis, while OR was higher for men (OR 2.67,
95% CI 0.71-10.05}, no significant differences were noted
between cases and conltrols.

Associations between knee OA and occupational history
were analyzed, The most frequent areas of employment for
all subjects were factory/construction, agriculture/fishery,
clericalftechnical, and shop assistant/manager (Table 2).
Distributions of initial and principal occupations dillered

Odds ratio
20

15 4

190 4

olr— 1 .
Middle High
*p<0.05 vy. calegory " low '

Low

Fig. 1. Association of knee osteoarthritis with heaviest weight in the
past. Low, lowest 3rd of the heaviest weight category, <61.0kg; Middle,

middle 3rd, >61.0kg, <72.0kg; High, highest 3rd, 272.0kg, Bar repre-

senls 93% conflidence interval

Initial occupation

Principal ccoupation

Cases % Controls Y% Cases % Controls %

Total 37 100 37 t00 37 100 37 100

Factory/construction workers i8 48.6 14 378 2 39.5 16 43,2
Agricultural/fishery workers 10 27.0 6 16.2 7 189 4 10.8
Clerical workers/technical experts 4 10.8 6 16.2 2 5.4 9 24.3
Shop assistants and managers 2 5.4 9 243 2 5.4 6 19.2
Clinical workers 2 5.4 ] 0.0 1 27 0 4.0
Housekeepers 0 0.0 0 0.0 0 0.0 0 0.0
Hairdressers 0 0.0 ¢ 0.0 0 0.0 0 0.0
Dressmakers 0 0.0 4 0.6 0 0.0 ] 0.0
Teachers 0 0.0 G 0.0 2 34 0 0.0
Ohhers (sotdier, taxi driver, elc.) 1 2.7 2 54 | 279 2 54
No wark, no answer 0 0.0 0 0.0 1 0.0 n 0.0

—171—



27

Table 3. Crude and adjusted odds ratios with risk factors for knee osteoarthritis in men

Men Risk factors

Crude odds ratio (95% CI) Adjusted odds ratio (95% CI)

Middle vs Low

High vs Low

Yes vs No

Physical work" as principal
occupation {vs Others)

Heaviest reporied weight'

Past injury of either knee
Occupational faclors

1.60 (0.50-5.08)
422 (1.13-158)*
2.50 (0.78-7.97)
2,80 (1.01-7.77)*

1.25 (0.29-5.35)

6.01 (1.18-30.5)
6.25 (1.13-34.5)*
6.20 (1.40-27.5)*

Adjusted odds ratio refers to values after mutual adjustment for other potential risk estimates

95% CI, 95% confidenge interval

*Lowest 3rd, <61.0kg: middle 3rd, 261.0kg, <72.0kg; highest 3rd, 272.0kg in men
" Physical work meaning factory, construction, agriculture or fishery work

#P <005

Table 4. Crude and adjusted odds ratios with risk factors for knee osteoarthritis in women (cited from ref. 10)

Women Risk factors

Crude odds ratio (95% CI} Adjusted odds ratio {95% CI)

Heaviest reported weight® Middle (vs Low)

High (vs Low)

Yes vs No

Cycling almost every day
for 212 months (vs Less)

Physical work® as initial
occupation (vs Others)

Sitting 22 h/day at initial
job (vs Less)

Ne. of jobs {1 job)

Total working period (i year)

Past injury of cither knee
Transportation

QOccupational factors

1.68 (0.79-3.84)

3.10 (1.26-7.98)*
5.00 (244-10.2)*
1.88 (1.02-3.04)=

3.33 (0.95-11.7)
3.92 (1.03-14.8)*
7.51 (2.40-23.5)%*
1.67 (0.61—4.57)

2.54 (1.34—4.82)%+ 2.08 (0.88-5.61)

0.43 {0.23-0.78)%* 0.44 (0.47-1.10)

124 (1.02-1,50)*
1.05 (£.03-1,07) %+

0.91 (0.66-1.25)
1.05 {1.01-1.08y**

Adjusted odds ratio refers to values after mutual adjustment for other potential risk estimates

95% CI, 95% confidence interval

*Lowest 3rd, <55.0kg: middle 3rd, 253.0kg, <62.0kg; highest 3rd, 262.0kg in women
"Physical work meaning factory, construction, agriculture or fishery work

P <005 ¥ P < 0.01; ¥ P < 0.601

significantly between cases and conirols, Physical work (fac-
tory/construction or agriculture/ishery) at the principal job
was significantly more common among cases than controls
(OR 2.80, 95% CI 1.01-7.77 for yes vs no). Mean age al
commencement of the first job was 16.3 years (SD 3.8 years)
compared to 16.6 years (SD 4.1 years) for controls, indicat-
ing no significant dilference belween cases and controls.
Occupational activities including standing, climbing stairs,
kneeling, squatting, driving, walking, sitting, and heavy lift-
ing were not associated with increased risk of knee OA in
men.

Table 3 shows ORs determined using conditional logistic
regression analysis mutually adjusted for potential risk fac-
tors. Various risk factors were entered into the conditional
logistic model, comprising: heaviest reported weight; previ-
ous kncc injury; and physical work at the principal occupa-
Lion in men. Heaviest reported weight in the past (OR 6.01,
95% CI 1.18-30.3, P < 0.05), past injury of the knee (OR
6.25, 95% CI 1.13-34.5, P < 0.05), and physical work at the
principal occupation (OR 6.20, 95% CI 1.40-27.5, P < 0.05)
represented independent [actors associated with knee OA
after controlling {or other risk factors (Table 3).

Discussion

The resuits of the present case-control study indicate that
heavy weight in the past and previous knee injury are asso-

ciated with knee OA in men. Also in men, the proportion
engaged in physical work (factory, construction, agricul-
ture, or fishery work) was significantly higher among cases
than controls. These risk factors for male knee OA are
similar to those seen for fermale OA knees. Although we
havc alrcady reported the results clsewhere,” we briefly
compared results for men and women. Table 4 shows ORs
in women determined using conditional logistic regression
analysis mutually adjusted for potential risk factors. Vari-
ous risk factors were entered into the conditional logistic
model, comprising: heavicst reported weight in the past;
previous knee injury; regular bicycle use; physical work in
initial occupation; sedentary work in initial occupation;
number of jobs; and total working period, summarizing all
years of all jobs that subjecis worked. Heavicst reported
wcight in the past, past injury of the knec, and total working,
period in women represenied independent factors associ-
ated with knee OA after controlling for other risk factors.
The results of the present case-control study indicate that
hecavy weight in the past and previous knee injury arc asso-
ciated with knee QA in both men and women.

Several limitations apply to the present study. Firsily,
this investigation was based on a relatively small number of
male cases and controls. Before the start of the research, we
had calculated the sample size. We accumulated 155 pairs of
cases and controls based on assumed values of a 0.05 level
of significance, 80% statistical power, 2.0 risk ratio, and the
30% prevalence of cases. As a result, we succeeded in
identifying 160 cases (40 men, 120 women) >45 years old
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Table 5. Comparison of risk factors for hip and knee osteoarthritis {OA) in Britain and Japan

(combined results for men and women)

Risk factors Britain Japan
Hip OA Obesity Yes Na
Past joint Yes No
disturbance
Occupational Yes (lifting) Yes (lifting)
factors
Knee OA Obesity Yes Yes
Past joint Yes Yes
disturbance
QOccupational Yes (kneeling/squatling) Yes (physical work,
factors working period})

who fulfilled the entry criteria for the study. Of the eligible
cascs, 138 (86.3%; 37 men, 101 women) agreed to partici-
pale. However, the lack of gender balance for cases resulted
in a small number of male subjects, which might reduce
statistical power, and thus might not have detected other
risk factors among lifestyle variables. This could be due 1o
the usc of identical case definitions for subject selection as
the case-control hip OA and British studies. Cases were
defined as those suffering knee pain and walking difficulties.
who were first diagnosed by an orthopedic surgeon as dis-
playing a tibiofemnoral joint with a radiographic grade of 23
on the Kellgren and Lawrence scale. Our previous com-
parative study of OA in the Jumbar spine indicated that OA
in the general population tends to display lower prevalence
and severity in Japan than in Britain." In addition, the small
number of male cascs refiects gender differences in preva-
fence of knee OA in Japan. As a second limitation in the
present study, the response rate for controls (52.8%} was
lower than that for cases (92.0%). The present results may
thercfore be subject to some degree of overestimation.

Obesity has previously been shown to display strong
associations with risk of knee OA,”" and epidemiological
studies performed in Japan have confirmed associations
between obesity and knee OA.™" In the present study, a
history of hcavy wecight was shown to cxert significant influ-
ences on risk of knee OA among men, resembling the re-
sults of women," and consistent with previous studies.
These findings indicate that the influence of heavy weight
on knee QA is consistent across gender in both Japanese
and Westcrn populations.

The involvement of other joints is believed to play a role
in increased risk of OA. In the British study paralieling the
present study, presence of Heberden's node and previous
knee injury were both strongly and independently associ-
ated with knee OA.'"" Although the present study did not
seek information regarding the presence of Heberden's
node, information was obtained about past history of the
involvement of other joints and areas, as diagnosed by a
medical doctor, indicating an indcpendent association be-
tween previous knee injury and knee OA. In particular, site
of knee OA was basically in accordance with the injured sile
among cases with previous knee injured (right side 91.7%,
left side 100%). These findings were again consistent among
men and women across Japanese and Western populations.

Mechanical stress represents another factor in the patho-
genesis of OA at any joint site. In the present study, al-
though occupational activities of standing, climbing stairs,
kneeling, squatting. driving. walking, and heavy lifting were
not associated with increased risk of knee OA in men,
physical work at the principal occupation raised the risk of
knee OA. Physical work represented by [actory, construe-
tion. agricultural, of fishery work for tong periods involved
mechanical stress on the knee joints. The previous report
utilized conditional logistic regression analysis without
physical work, and identificd scdentary work as a preven-
tive factor in women." These occupational activities influ-
encing the risk of knee OA suggest that excess stress at the
joint raises the risk, while reduced load on the joint de-
creases risk.

The present casc-control study of knee OA paralleled
our previous study of hip OA,” and was identical in format
to some British studies.™” Table 5 summarizes the results
of studies using the same methods, indicating differences in
risk factors between hip OA and knce OA, and between
populations in Britain and Japan. Occupational factors
clearly influence the development of both of hip and knee
OA in Japan, as in Britain, although differences exist in
specific activities exerting influence. Moreover, previous
joint injury represented a risk factor for knee OA in Japan,
as in the British studies. Conversely, obesity did not repre-
sent an independent risk factor for hip OA in Japan, but
was a risk factor for both hip and knee OA in the British
studies. This may be because local mechanical factors such
as acctabular dysplasia might cxert stronger influcnces on
hip OA in Japan than other general mechanical factors such
as adiposity. However, these resulis suggest that the patho-
genesis of knee OA is similar in Japan and Western coun-
trics. Further studics of QA in other sites are required to
characterize the risk profile in Japan.
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Background and study aims: Endoscopic submucosal dissection
(ESD) is a novel technique used for the treatment of gastrointes-
tinal neoplasia. One of its major limitations, however, is the com-
plication of perforation.

Patients and methods: We included in our study all the cases of
perforation that occurred during ESD procedures for gastrointes-
tinal epithelial neoplasia between February 2000 and February
2005. Clinical outcomes after perforation were investigated.
Results; Perforation was experienced at 27 lestons in 27 patients
(four in the esophagus, fourteen in the stomach, seven in the co-
lon, and two in the rectum). Fibrosis under the lesions was con-
firmed histologically in seven patients (26 %). Immediate closure
using endoclips was performed in all patients except for three
asymptomatic patients in whom a stomach perforation was first
noticed when free air was noticed on a radiograph the morning

Successful nonsurgical management of

perforation complicating endoscopic submucosal
 dissection of gastrointestinal epithelial neoplasms

after the ESD procedure. Air accumulation was detected radio-
graphically in 21 patients (78 %). The mean duration of antibiotic
treatment was 6.7 days and the patients were fasted for a mean
periad of 5.3 days. The mean maximum body temperature was
37.3°C, the mean white blood cell count was 9733/mm?, and the
mean C-reactive protein level was 5.0mg/dl. All the patients
were discharged well from the ward after a mean time of 12.1
days after ESD, and no recurrence caused by tumor spread from
the perforation occurred in any patient after a median follow-up
period of 36 months {range 9 - 52 months).

Conclusion: Successful nensurgical management after ESD com-
plicated by perforation is a highly feasible option if intensive
conservative treatments are used following immediate endo-
scopic closure of the perforation.

traduction

Endoscopic submucosal dissection (ESD} has been developed for
en-bloc resection of node-negative gastrointestinal epithelial
neoplasms that are either large or associated with submucosal fi-
brosis [1 - 3]. However, ESD has not been widely performed, even
in Japan, because of technicat difficulties and the risks accompa-
nying the procedure. Considerable efforts have been made to re-
duce these, resuiting in the development of a number of innova-
tive therapeutic devices [1,4 - 6] and submucosal injection solu-
tions [7-12].

Although these advances have improved the experience with
this technique, the ESD-related complication rate will never fall
to zero, and the most serious complication is probably perfora-
tion. There have been several studies on the management of ia-
trogenic perforation in the gastrointestinal tract using conserva-
tive treatments [ 13 - 16], and one recent study with a large num-
ber of consecutive cases of gastric perforation caused by endo-
scopic resection of early gastric cancer showed that the patients
who were treated by endoscopic closure using endoclips and
other appropriate treatments showed recovery rates similar to
those of patients who had no complications [17]. In the present
study, a series of patients who developed perforation during
ESD for the treatment of gastrointestinal epithelial neoplasia
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were analyzed and the possibility of successful nonsurgical man-
agement was investigated.

Do aiud methods

ESD was performed for 528 gastrointestinal epithelial neoplasms
between February 2000 and February 2005 at the University
Hospital, University of Tokyo, Tokyo, Japan, and perforation oc-
curred during the ESD procedure at 27 lesions in 27 patients
(5.1%).

All the lesions that were considered suitable for ESD were pre-
dicted preoperatively as fulfilling the criteria of node-negative
cancer [18 - 20] or premalignant neoplasia, and were considered
to be technically unsuitable for en-bloc resection by convention-
al endoscopic mucosal resection technigues such as “inject, lift,
and cut” or “inject, suck, and cut” techniques {21]. All the pa-
tients undergoing ESD were fully informed of the necessity of
treatment, the risks and benefits of ESD, and alternative treat-
ments, such as endoscopic mucosal resection, surgical resection,
or ablation. The possibility of perforation, potentially leading to
emergency surgery, subsequent inflammation, and bacteremnia,
was also thoroughly explained to patients. Written informed
consent to perform ESD was obtained from all the patients.

The ESD procedure was performed in three steps: injection of
fluid into the submucosa to elevate the lesion from the muscle
layer; precutting of the mucosa surrounding the lesion; and dis-
section of the connective tissue in the submucosa beneath the le-
sion, as described previously in more detail [1-3,12].

A perforation was defined by cur institution when:

Other organs, extraluminal fat, or extraluminal space were
observed endoscopicaily through the muscle layer during
ESD, irrespective of the presence of air accumulation in the
abdomen, retroperitoneusn, or mediastinum.

Plain chest or abdominal radiographs showed air accumula-
tion in the abdomen, retroperitoneum, or mediastinum.
(These radiographs were routine for all patients the morning
after ESD, even if no muscle tears were neticed during the
procedure.)

When perforation was noticed endoscopically during ESD, it was
closed immediately using endoclips (HX-5QR-1, HX-600-090L;
Olympus, Tokyo, Japan) to minimize deterioration in the pa-
tient's condition. If tension pneumoperitoneum occurred, percu-
taneous transabdominal air deflation was performed using an
18-gauge elastic needle [17]. All perforations were managed by
two skiltful endoscopists who had experience of clip application
for emergency endoscopic hemostasis or the closure of mucosal
defects after the rernoval of large colorectal polyps. When the
perforation was closed and the patient’s condition was stable,
the procedure was continued and the resection completed. In
cases where the procedure had to be stopped because of the pa-
tient's poor condition, the completion of the resection was de-
layed for a few days until their clinical condition had improved.
Other patients were referred immediately to the surgeons for
further management. The decision on whether to refer a patient
for surgical treatment or to treat conservatively was made by the

doctors in charge, the surgeons, the patient, and the patient’s
family.

After completion of ESD, all the patients with a perforation were
intensively managed with a nil-by-mouth regime and peripheral
fluid replacement, bedrest, and intravenous antibiotic therapy
with a second-generation cephalosporin. In cases of stomach
perforation, a nasogastric tube was placed for a few days for suc-
tion. Patients whose perforation was diagnosed by the presence
of air in the plain chest or abdominal radiographs were managed
similarly to the patients whose perforation was diagnosed endo-
scopically.

Perforations that became evident after a greater delay were diag-
nosed on the basis of clinical symptoms and laboratory findings.
These patients were always considered for surgical repair, be-
cause a large amount of gastrointestinal tract contents could ai-
ready have leaked out into the abdomen or mediastinum, which
was considered likely to lead to deterioration in the patient’s
clinical condition. When the patient's symptoms and laboratory
findings suggested only mild abnormality, however, conservative
treatments were continued.

When the white cell count returned to a level within the normal
range and there was no evidence of mediastinitis or peritonitis,
patients were restarted on a liquid orat diet, gradually progres-
sing to solids, and antibiotics were subsequently stopped on the
basis of clinical and laboratery findings. Endoscopy or fluorogra-
phy was not usually performed to confirm complete sealing of
the perforation before restarting oral fluids because all the per-
forations treated conservatively had undergone immediate clo-
sure using endeclips. The algorithm for the management of
ESD-related perforation is shown in Figure 1.

Resulrs

The demographic and clinicopathological features of the patients
who had ESD-related perforations are summarized in Table1.
Perforations occurred in all the organs of the gastrointestinal-
tract except for the small intestine; 14 lesions (52 %) were located
in the stomach, Nine of the resected lesions (33%) were histolo-
gically diagnosed as submucosal invasive carcinoma and seven
lesions (26 %) were accompanied by submucosal fibrosis.

Three patients had stomach perforations without showing any
evidence of perforation during the ESD procedure itself. In these
cases we did not know at which step of the procedure the per-
foration had occurred. Of the other 24 perforations, 21 (88%) oc-
curred during the submucosal dissection. Perforation size was
estimated using the size of the knives, The mean perforation
size was 2.5 mm and the maximum perforation size was 5 mm.
Successful perforation closure was achieved with a median of
three endoclips (range 1-8) immediately after endoscopic ob-
servation of the perforation in all patients. ESD was completed
after closure of the perforation in all cases.

The three patients with stomach perforations that were detected
by the presence of a smali amount of free air on the plain chest
radiograph the morning after ESD were carefully foliowed up by
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