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FIGURE 3 Disease-free survival curves of patients with and those without
lateral lymph node dissection in stage 1l and stage ill disease.

LLD: lateral lymph node dissection. There was no significant difference
between the two groups for stage Il (0=0.1815) or stage lil (0 =0.0896)
by the log-rank test.
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FIGURE 4 Disease-free survival curves of three groups with stage Il
disease: lateral lymph node metastasis group, without lateral lymph node
metastasis group, and without fateral lymph node dissection group.

LLD: lateral lymph node dissection. LLN: lateral lymph node. There was a
significant difference between the LLD+LLN- and LLD- groups
(p=0.0449) and no significant difference between the LLD+LLN- and
LLD+LLN+ groups (p=0.1252) by the log-rank test.
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FIGURE 5 Disease-free survival curves of three groups with stage (il
disease: only one lateral lymph node metastasis group, two or more
lateral lymph node metastases group and no latera! lymph node
metastasis group.

LLN: lateral lymph node. There was no significant difference among the
three groups. The survival of patients with even ane lateral ymph node
metastasis tended to be poorer than that of patients without lateral lymph
node metastasis. '

DISCUSSION

In Japan, extended operation with en bloc excision
of both the primary tumor and superior regional
lymph nodes, including the lateral nodes, was previ-
ously recommended to prevent local recurrence and
improve survival in patients with advanced rectal can-
cer (7-9). However, this procedure disturbed urinary
and sexual functions (7,10). Techniques for LLD with

auto-nerve preservation were thus developed to pre-
vent such complications-(4,11-15). Surgeons at leading
hospitals have introduced these techniques to Japan.
We have performed LLD with auto-nerve preservation
since 1990.

Many patients with advanced lower rectal cancer
prophylactically undergo LLD, but the contribution of
LLD to the prevention of local recurrence and
improvement of survival remains unclear. The rate of
lateral lymph node metastasis in advanced lower rec-
tal cancer ranges from 13 percent to 24 percent
(2,3,5,14,18). The internal iliac nodes and obturator
nodes are most likely to have metastasis (6). Lateral
lymph node metastasis is most often associated with 1)
cancer below the peritoneal reflection, 2) mesorectal
node metastasis, 3) deeply penetrating tumors, and 4)
poorly differentiated adenocarcinoma (2). Patients
with one or more of these conditions are thus most
likely to benefit from LLD.

We studied patients who had T2 or more advanced
disease because T'1 tumors are usually free of lateral
lymph node metastasis {18). Our analyses showed that
T stage (TNM classification), N stage (TNM classifica-
tion), and LLD were independently related to disease-
free survival. Because LLD was one of the factors iden-
tified, we compared disease-free survival rates
between patients who underwent LLD and those who
did not undergo LLD. We found that LLD was associ-
ated with a better outcome than no LLD. However,
this finding might have been biased by the fact that
LLD was not done in patients who were elderly or had
severe cardiovascular or respiratory disease. As for
disease stage, there was no significant difference in
the prevalence of stage II or stage III disease between
patients who underwent LLD and those who did not.
When we compared outcomes in stage III disease
among patients without lateral lymph node metasta-
sis, those with only one lateral lymph node metastasis,
and those with two or more lateral lymph node metas-
tases, we found that outcome was negatively affected
by the presence of even one positive lateral node. Fuji-
ta et al. (17) reported that LLD did not improve sur-
vival in patients with stage II or III disease. However,
among patients with pathological N1 (TNM classifica-
tion) lymph node metastasis, those who underwent
LLD had a better outcome than those who did not
undergo LLD.

What is the value of LLD? The rate of local recur-
rence after LLD ranges from 4.8 percent to 12.5 per-
cent (5,14,15,18,19). The difference in the rate of local
recurrence rate between LLD and total mesorectal
excision (TME) is minimal (16,20), and LLD has not

" TABLE 6 Local recurrence Rate * -
Patients with local

All patients recurrence
LLD- 26 6 (23.1%) :]P=0.498
LLD+ 143 25 (17.5%)

154



Hepato-Gastroenterology 54 (2007)

M Shiozawa, M Akaike, B Yamada, et al.

been shown to be superior to TME. Enker et al. (16)
reported that the local recurrence rate after TME was
only 7.3 percent.

The outcomes of patients with lateral lymph node
metastasis are poor owing to a high rate of relapse
caused by remote metastasis. This factor may be
responsible for an unbridgeable gap between potential
benefits of LLD and an improvement in survival. In
our study, the rate of local recurrence did not differ
significantly between patients who underwent LLD
(175 percent) and those who did not (23.1 percent).
However, the rate of local recurrence among patients
with lateral lymph node metastasis was 38.1 percent,
implying that local recurrence was controlled in the
remaining 61.9 percent. Moreover, 33.3 percent of the
patients with lateral lymph node metastasis remained
disease free. These patients most likely had local
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Abstract

Tissue inhibitor of metalloproteinase-1 (TIMP-1) not only in-
hibits matrix metalloproteinases but also stimulates tumor
growth. In this study, long-term follow-up results were ana-
lyzed to clarify the prognostic value of plasma TIMP-1. Pre-
operative plasma TIMP-1 was measured from peripheral
blood samples of 87 Japanese patients with colorectal carci-
noma. All the patients underwent surgical resection and
were followed for 5 years prospectively. The median follow-
up period was 70 months (60-79 months). The cutoff value
of plasma TIMP-1 was set at 170 ng/ml based on the ROC
curve. Sensitivity and specificity to predict 5-year survival
was 66.7 and 55.0% with this cutoff value. In univariate anal-
yses for overall survival, lymph node metastasis, serosal in-
vasion, peritoneal metastasis, liver metastasis, metastasis to
other distant organs and TIMP-1 were significant. In multi-
variate analyses, lymph node and liver metastases, metasta-
sis to other distant organs and plasma TIMP-1 were indepen-
dent prognosticators, but p values of TIMP-1 did not reach
statistical significance. Our results suggested that the pre-
operative plasma TIMP-1 concentration could be a useful
prognosticator of long-term survival in patients with colorec-
tal carcinoma. Copyright ® 2007 S. Karger AG, Basel

Introduction

Every year, more than 945,000 people develop colorec-
tal cancer in the world, and around 492,000 patients die
[1). Further, despite intended curative surgery, 50% of
these patients experience relapse, which is invariably fatal
(2]. In Japan, the westernization of lifestyle, especially di-
etary habits, has progressed remarkably since 1950 and is
presumably directly related to the increasing incidence of
colorectal cancer [3]. Colorectal cancer is the third lead-
ing cause of death due to cancer in Japan [4]. The Study
Group of the Japanese Society for Cancer of the Colon and
Rectum on Postsurgical Surveillance of Colorectal Can-
cer reported that the recurrence rates of stage I, Il and III
cancers were 3.7, 13.3 and 30.8%, respectively (p <0.0001)
(5, 6). They reported that the curves of the cumulative ap-
pearance rate of recurrence in stage II and III patients
showed a rapid increase for the first 3 years. Recurrence
after 5 years was less than 1% in each stage [5].

A variety of new biomarkers including oncogenes, tu-
mor suppressor genes, angiogenic factors and proteinases
have been examined and discussed in relation to tumor
progression and patient survival. However, none of them
have proven superior to the conventional pathologic
markers in determining prognosis.

Tissue inhibitor of metalloproteinase-1 (TIMP-1) not
only inhibits matrix metalloproteinases but also stimu-
lates tumor growth [7, 8). TIMP-1 expression has been
reported to correlate with disease progression in patients
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Fig. 1. ROC curve for survival obtained from plasma TIMP-1.

with colorectal carcinoma [9]. Zeng et al. [10] indicated
that there was a correlation between TIMP-1 mRNA lev-
el and advanced stage. TIMP-1 has been examined not
only in tumor tissues but also in blood samples. Serum
TIMP-1 levels have not shown any correlation with tu-
mor progression [11]. Previously, we reported that plasma
TIMP-1 could be a marker for tumor progression {12} and
a prognosticator for short-term survival [13] in patients
with colorectal cancer. We reported that plasma TIMP-1
could predict serosal invasion, lymph node and liver me-
tastases, and Dukes’ C with an accuracy of 68.5, 66.7, 70.4
and 68.5%, respectively, and would be a significant prog-
nostic factor 1 year after surgery.

Generally, most recurrence has been reported to occur
within 2-3 years after surgical resection for colorectal
cancer [2]. To assess the prognostic value, a follow-up pe-
riod of more than 5 years is recommended. However, the
clinical significance of TIMP-1 for long-term survival
has not been fully clarified. In this study, the results of
long-term survival were analyzed to clarify the prognos-
tic value of plasma TIMP-1.

Patients and Methods

Peripheral blood samples were collected from87 Japanese pa-
tients with colorectal carcinoma at the Kanagawa Cancer Center,
Yokohama, Japan, between June 1999 and July 2000. Concentra-
tions of TIMP-1 protein were measured by enzyme-linked immu-

206 Oncology 2007;72:205-208
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Fig.2. Survival curves in patients with negative or positive plasma
TIMP-1.

nosorbent assay in plasma samples. Clinical and pathologic clas-
sifications followed previously established rules [6}. The depth of
invasion was categorized into two groups: tumors confined to the
proper muscle layer and those invading the subserosal layer or
deeper tissue in pathological findings. Metastases to the lymph
nodes, liver, peritoneum and other distant organs were also di-
vided into two groups: tumors with and without metastases. Sub-
sequently, all the patients underwent surgical resection and were
followed for 5 years prospectively.

Statistical Analysis

Overall survival was evaluated by univariate and multivariate
analyses. Survival curves were calculated by the Kaplan-Meier
method and compared by the log-rank test. Multivariate survival
analyses were performed by Cox’s proportional hazard model.
p < 0.05 was considered statistically significant, and data were
expressed as means £ SD.

Results

The median follow-up period was 70 months (60-79
months). TIMP-1 was elevated in 45 patients (51.7%)
when the cutoff value was set at 170 ng/ml based on the
ROC curve (fig. 1).

Sensitivity and specificity to predict 5-year survival
was 66.7 and 55.0%, respectively, with this cutoff value.
The TIMP-1 level discriminated significantly the pres-
ence or absence of lymph node metastasis, serosal inva-
sion and stage (table 1).

Yukawa/Yoshikawa/Akaike/Sugimasa/
Rino/Masuda/Imada



Table 1. Patient characteristics

Table 2. Univariate analysis of clinicopathological factors

Characteristics TIMP:1 TIMP-1  p
- negative: . positive  value
M=42) (=45 .
Sex, male/female 25/17 29/16 0.636
Age, years 63.17+2.02 654%144 0.365
Macroscopic type? .
Type 0 (early cancer) 4 0 0.214
Type 1 8 6
Type 2 26 32
Type 3
Type 5 1 l
Histologic type
Well differentiated 20 16 0.254
Moderately and poorly
differentiated 22 29
Lymph node metastasis
Negative 23 13 0.014
Positive 19 32
Serosal invasion (ss and more)
Negative 11 3 0.013
Positive 31 42
Peritoneal metastasis
Negative 41 43 0.598
Positive 1 2
Liver metastasis
Negative 38 36 0.171
Positive 4 9
Metastases to distant organs
Negative 2 4 -0.448
Positive 40 41
Remaining
RO 40 34 0.010
R2 2 11
Stage
I 9 2 0.20
I 13 9
1A 11 11
1IIB 3 1l
v 6 12

Statistical comparisons between the two groups were per-
formed by unpaired Student’s t and x? tests.

@ Pathological measures according to the general rules of the
Japanese Research Society for Cancer of the Colon and Rectum

(6).

Univariate analyses for overall survival showed sig-
nificant differences in serosal invasion, lymph node,
peritoneal and liver metastasis, metastases to other dis-
tant organs and TIMP-1 (table 2). Five-year survival was
64.4% in patients with positive TIMP-1 and 78.6% in
those with negative TIMP-1 (fig. 2).

Prognostic Value of Plasma TIMP-1 in
Colorectal Cancer

Factors p value Hazard ratio
Sex

Male vs. female 0.9995 0.00
Age

<59 vs. >60 years 0.2904 1.12
Histologic type

Well vs. moderately and .

poorly differentiated 0.1157 247
Depth of invasion

Mp vs. ss 0.0443 4.04
Lymph node metastasis® 0.0025 9.13
Peritoneal metastasis® 0.0218 5.26
Liver metastasis® 0.0000 47.91
Metastasis of distant organs? 0.0000 21.80
Plasma TIMP-1? 0.0465 3.96

 Negative versus positive.

Table 3. Multivariate analysis of clinicopathological factors

Factors p value Hazard ratio
Lymph node metastasis® 0.022 3.244
Liver metastasis® 0.000 9.555
Metastasis of distant organs? 0.003 4.483
Plasma TIMP-1* 0.075 2.131

# Negative versus positive.

In multivariate analyses for clinicopathological fac-
tors, lymph node and liver metastases, and metastases to
other distant organs were significant independent prog-
nosticators, but TIMP-1 did not reach statistical signifi-
cance (table 3).

Discussion

A variety of new biomarkers, including oncogenes, tu-
mor suppressor genes, angiogenic factors and proteinases
have been examined and discussed in relation to tumor
progression and patient survival. Recently, TIMP-1 ex-
pression has been reported to correlate with disease pro-
gression in patients with colorectal carcinoma (9]. More-
over, plasma TIMP-1 levels were significantly higher in
patients with far-advanced colorectal cancer than in
healthy controls [14]. Previously, we reported that plasma

Oncology 2007;72:205-208 207
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TIMP-1 could be a marker of tumor progression [12] and
a prognosticator of short-term survival in patients with
colorectal cancer [13]. To further clarify the clinical role
of plasma TIMP-1 in long-term survival of patients with
colorectal cancer, we classified patients into higher and
lower TIMP-1 groups and attempted to follow them for
>5 years prospectively, examining the prognostic value
of TIMP-1 by both univariate and multivariate analyses.
A cutoff value for plasma TIMP-1 was determined based
on the ROC curve. Sensitivity and specificity to predict
5-year survival was 66.7 and 55.0%, respectively, with
this cutoff value. In univariate analyses for overall sur-
vival, there were significant differences in preoperative
plasma TIMP-1 together with other conventional clinico-
pathological factors. Thus, plasma TIMP-1 was a signifi-
cant prognosticator not only for short-term survival but
also for long-term survival in patients with colorectal
cancer. Recently, Holten-Andersen et al. {15, 16] stratified
patients into four groups according to pre- and postop-
erative plasma TIMP-1 and demonstrated a significant
association between plasma TIMP-1 and long-term sur-
vival. Moreover, they described that the combination of

postoperative plasma TIMP-1 and carcinoembryonic an-
tigen was a significant marker for survival [16]. Our re-
sults confirm these reports in Japanese patients.

It has been generally accepted that the most important
factors affecting survival are depth of tumor invasion, ex-
tent of lymph node metastasis and presence of distant me-
tastases [17). In our study, univariate analyses for overall
survival showed significant differences in serosal inva-
sion, lymph node, peritoneal and liver metastases, metas-
tases to other distant organs and TIMP-1, and in multi-
varia te analyses, lymph node and liver metastases, metas-
tasis to distant organs and TIMP-1 were independent
prognosticators. Although the p value of TIMP-1 did not
reach statistical significance, its prognostic value was su-
perior to serosal invasion and peritoneal metastasis.

Plasma measurement of TIMP-1 is simpler, easier and
more reproducible than the other molecular markers ex-
amined in the tumor. Information on TIMP-1 could be
available before computed tomography is performed, and
the pathological findings could be examined only in the
resected specimen. Thus, plasma TIMP-1 could be a use-
ful prognosticator in patients with colorectal carcinoma.
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Functional Outcome After Sphincter Excision
for Ultralow Rectal Cancer

Y. Kishimoto, Y. Araki, Y. Sato, Y. Ogata, K. Shirouzu

Department of Surgery, Kurume University Faculty of Medicine, Kurume, Japan

This drticle shows a prospective study invéstigating bowel function after transanal rectal
iéséction with internal aid éxternal sphincteréctotny for low rectal cancer. Eight patients
uiidérweiit standatd low anterior resectiont with colonic J-pouch anal anastomosis (LAR]),
atid éight patients underwent transarial réctal resection with internal and external sphinc-
tet resection (IESR). Manomietry, manovolumetty, trarisit time study, and a questionnaire
were performed before and after thé operation. Six and 12 months after the operation,
maximum resting pressure and squeezing pressure were significantly lower in IESR
group than in LAR]J group, whereas there was ho significant difference between the two
grotips in terms of constant sensatioii, maximum tolerable volume, or neorectal compli-
ance. Although the functional score of the IESR group remained low at 6 months after the
operation in comparison with the LAR] group, it iihproved at 12 months after the
operation. Transanal tectal resection with interrial and external sphincterectomy showed
usefulness in preserving bowel fiinctiori and avoiding permanent colostomy.

Key words: Rectal cancer — Anus-preserving operation — Anorectal function — Intersphincteric

resection ~ External sphincter muscle resection

S ince Parks! described sphincter-saving operation
for tectal cancer, low anterior resection hds
gained safety with improved circular staplers and
has consequently decreased the number of patierits
with perrriaiient colostomty. The sphincter-saving op-
eration using a colonic J-pouch to preserve boiwel
function improves postoperative quality of life and has
become a widespread treatment for rectal cancer.2-4

In 1994, Schissel ef al5 reported intersphincteric re-
section (ISR) for a rectal cancer located in the vicinity of
the anal canal. Although anal sphincteric resection pre-
serving the anus has been applied even to those with
low rectal cancer or anal cenal cancer to avoid perma-
neiit colostomy, those studies on postoperative anal
arid bowel functions are still unknown.

Curative treatment of rectal cancer requires not
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only resection of the internal anal sphincter muscle
for carcinoma invading the internal anal sphincter
muscle but also partial resection of the deep-super-
ficial external anal sphincter muscles for carcinoma
invading their muscles. This is the first prospective
study comparing early postoperative bowel function
between standard low anterior resection with co-
lonic J-pouch anal anastomosis (LAR]) and transanal
rectal resection with internal and external sphincter
resection (IESR) in patients with low rectal cancer or
anal canal cancer.

Patients ;amd Methods

From January 2001 to December 2001, LARJ and
- IESR were performed in 16 patients with low rectal
cancer or anal canal cancer. We assessed the patients
by verbal and written information about the objec-
tive, importance, and procedure of the study, and we
obtained their consent to examination and opera-
tions. Before surgery, the distance from the dentate
line to the lower edge of tumor was measured with
a rigid rectoscope. Diagnosis for whether the tumor
infiltrated the internal-external anal sphincter mus-
cles or not was made from computed tomography
(CT) and ultrasonography.

Rectal cancer with its lower edge locating at 2 cm
or more from the dentate line was indicated for
LAR], whereas ISR was applied if the lower edge
was within 2 cm from the dentate line and the tumor
invasion was limited to the internal sphincter mus-
cle. IESR was applied if the tumor invasion was
suspected beyond the internal sphincter muscle.

Operative procedure

According to the transabdominal approach, the in-
ferior mesenteric artery was severed, and the rectum
was resected including total mesorectum. Splenic
flexure was completely mobilized. The anal canal
was resected incliding the dentate line at the intra-
muscular groove by transanal approach. The IESR
group consisted of eight patients.

Figure 1A shows the schema of ISR. The indica-
tion is applied for T1 or T2 cancer invading within
the muscle layer. The dentate line is also excised, and
the anal canal is removed at the intermuscular
groove. The puborectal muscle and external sphinc-
ter muscles are all preserved. Figure 1B shows the
schema of ESR. The indication is applied for T3
cancer invading beyond the muscle layer. The pubo-
rectal muscle is cut off. The dentate line is also ex-
cised, and the anal canal is removed at the intermus-
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cular groove. The subcutaneous external sphincter
muscle is preserved.

Five patients underwent ISR, and three patients
underwent transanal rectal resection with IESR;
however, only the subcutaneous external sphincter
muscle was preserved (Fig. 1). The colonic J-pouch
anoderm anastomosis including subcutaneous exter-
nal sphincter muscle was performed. Temporary il-
eostomy was also performed in all patients. The
stoma was closed 3-10 months after operation.

Physiological examination

Anorectal function test and transit time study were
conducted before operation and 6 and 12 months
after operation. The manometric study was per-
formed by the pull-through procedure with an 8-Fr
water-filled open-tip catheter,*¢ which measured the
maximum resting pressure (MRP), high-pressure
zone (HPZ), and maximum squeezing pressure
(MSP). The manovolumetric study was performed
by an 8-Fr catheter attached a latex dilatation balloon to
be inserted into the rectum, which measured the con-
stant sensation (CS), the maximum tolerable volume
(MTV), and compliance.” Biofeedback with anal ma-
nometry, digital examination, and exercises by instru-
mentation were performed when the patients visited.

The time transit study was performed by the Sitz-
marks (ring type, double D type and Tri-chamber
type; Konsyl Co.). They were orally administered
after breakfast for 3 days, and abdominal radiogra-
phy was taken on the fourth day. During this period,
any medications or treatments that affected bowel
movements were withheld. We measured the whole
transit time and segmental transit time study. The
whole transit time and the segmental transit time in
two areas of the large bowel, i.e., transit time in the
right colon (cecum, ascending colon, and transverse
colon) and transit time in the left colon (descending
colon, sigmoid colon, and neorectum), were calcu-
lated by the method of Arhan ef al and Metcalf et al8?
Ten patients with colon cancer without obstruction
served as preoperative controls, Their preoperative
transit times were compared with the transit times of
the two groups.

Questionnaire

Patients were asked to fill out a questionnaire on
defecation frequency, stool consistency, dietary re-
striction, nocturnal defecation, distinction between
stool and gas, soiling, fecal incontinence, sense of
residual stool, fecal urgency, difficulty of defecation,
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Fig. 1 (a) Schema of the internal sphincter resection line. (b) Schema of the external-internal sphincter resection line. SM, tumor

invasion of submucosa; MP, tumor invasion of muscularis propria.

sense of controlling the anus, curtailment of daily
activities, and limitation on outing and traveling.
Bowel functional score were assessed by Komatsu’s
score. Three parameters (bowel frequency; soilirig,
and urgency) were evaluated and scored 0 (poor); 1
(fair), or 2 (good) to obtain the functional score rang-
ing from a total of 0 to 6. Continence grading was
assessed by five parameters of Wexner’s Continence
Grading Score.!

Statistical analysis

The statistical analysis of quantitative variables was

performed using the Mann-Whitney U test and Wil-

48

coxon signed ranks test for comparison between
groups and evaluation of time-related changes. P <
0.05 was considered statistically significant.

Results

As Table 1'shows, there was no significant difference
in male/female ratio or age between the LAR]J (n =
8) and IESR groups (1 = 8). The lower edge of tumor
was located at 4.1 cm on average from the dentate
line in the LAR] group and at 1.3 cm in the IESR
group. The length of internal anal sphincter muscle
removed in the IESR group measured an average of
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Table 1 Patient characteristics

LAR]J group IESR group
(n=8) (n=8)
Sex (male/female) 6/2 5/3
Age 62 (48-84) 61 (45-74)
Dukes stage (A, B, C) 233 4,2,2
Anastomotic length from
the anal verge (cm) 4.1 (3.5-5) 1.3(0.5-2.0)
Operative time (min) 377 361
Morbidity 1(12.5%) 2 (25%)
Postoperative ileus 0 (0%) 2 (25%)
Pouchitis 1(12.5%) 0(0%)
Leakage 0 (0%) 0 (0%)

14.7 * 59 mm in diameter. However, the internal
anal sphincter muscle in the LARJ group was not
removed. Postoperative leakage was not found in
the two groups. Pouchitis was found in one patient
in the LARJ group. Postoperative ileus was found in
two patients in the IESR group.

IESR required an average of 361 minutes in oper-
ating time. On the other hand, LAR] required an
average of 377 minutes. Figure 2 summarizes the
data on functional tests (manometry). MRP values in
the IESR group were significantly decreased 1 month
after surgery and were not significantly improved 12
months after surgery. On the other hand, MRP val-
ues in the LARJ group were improved 12 months
after surgery. (Strong contraction waves in the
pouch were not found in both groups.) The HPZ
values were significantly decreased after IESR be-
cause the value was 1.5 * 0.4 cm and that showed no
significant improvement at 12 months after surgery.
Postoperative MSP values showed a significant de-
crease in the IESR group compared with the value of
the LAR] group. Both groups significantly decreased
the MTV values at 1 month after surgery. Figure 3
shows the data on the manovolumetric study (mano-
volumetry). MTV in the LAR] group showed im-
provement at 12 months after surgery compared
with the preoperative values, but in the IESR group,
there was no improvement. In IESR patients, CS
values were 1.5 * 1.3 ml/ecm H,O at 6 months after
surgery, indicating a significantly lower compliance;
this was maintained at 12 months after surgery, with
a CS value of 2.3 = 0.8 ml/cm H,0.

Figutre 4 shows results of the transit time study.
The difference in transit time through the whole
colon between the two groups was not statistically
significant at 6 months after surgery. The transit time
in the left colon was 14.6 *+ 9.2 hours in the LARJ
group and 11.6 * 5.5 hours in the IESR group at 12
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Fig. 2 Manometric examination in comparison of the IESR group
with the LAR]J group. M, months after surgery.

months after surgery, and this showed a trend to-
ward delayed transit in the left colon compared with
that of preoperative control patients.

As for the functional score (Table 2), it was 3.0 +
1.3 in the IESR group at 6 months after surgery,
which was significantly lower than 5.2 *+ 1.0 in the
LARJ group. However, the IESR group showed a
trend toward improvement, with a score of 3.8 + 1.8
at 12 months after surgery (Fig. 5). Analysis of each
parameter revealed frequent defecation in the IESR
group at 6 months after surgery. The number of
defecations was 6.0 *+ 2.8 in the IESR group com-
pared with 4.4 + 2.2 in the LAR] group; however,
this decreased with time to 2.7 * 1.2 in the IESR
group and 3.2 * 1.4 in the LAR]J group at 12 months.
Night soiling was observed in six IESR patients
(three ISR patients and all three ESR patients) at 6
months after surgery, but was limited to one LAR]
and two IESR patients (two ESR patients) at 12
months after surgery. Postoperative urgency was not
significantly different between the two groups. Ac-
cording to the questionnaire, all patients felt more
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Fig. 3 Manovolumetric examination in comparison of the IESR
group with the LARJ group. M, months after surgery.

satisfied at 12 months after surgery than before clo-
sure of the stoma.

Table 3 shows five parameters of Wexner’s Con-
tinence Grading Score. One patient in the LAR]J
group had incontinence at 12 months after surgery,
and the IESR group also had two patients. Six of
eight, patients had wearing pads at 6 months after
surgery. All 3 ESR patients needed pads. However,
they did not need wearing pads at 12 months after
surgery. Only one ISR patient needed a pad at 12
months after surgery.

Neither anastomotic recurrence nor mortality was
seen during the mean of 16.1 months of follow-up.
One patient had para-aortic lymph node metastasis
and died of lung metastasis. Another patient had
pelvic recurrence and received abdominoperineal re-
section.

Discussion

Sphincter-saving operations to avoid a permanent
stoma have been adopted as an operative interven-
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Fig. 4 Transit time study in comparison of the IESR group with
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tion for low rectal cancer since the 1940s.1213 Since
safe methods for mechanical anastomosis and
transanal anastomosis were established, the sphinc-
ter-saving operations securing good anal function
have gained increased popularity. ISR, an operative
modality resecting the internal anal sphincter muscle

Table 2 Functional score

Score
0 1 2
Bowel frequency >6 36 =3
(times/day)
Fecal incontinence >2 =2 Never
(times/wk)

Urgency (ability to <10 minutes 10-30 minutes >30 minutes
defer defecation)

Three parameters (bowel frequency, soiling, and urgency) were
evaluated and scored 0 (poor), 1 (fair), or 2 (good) to obtain the
functional score ranging from a total of 0 to 6.
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Fig. 5 Functional score in comparison of the IESR group with
the LAR]J group. M, months after surgery.

p<0. 05
N.S. : no significant

and preserving the anus, was reported to bring good
anal bowel function and cure since 1994.51415 The
new surgical strategy of preserving the anus with
resection of the anal sphincter muscle seems to be
replacing the standard sphincter-saving operation
for the treatment of low rectal cancer or anal canal
cancer extremely close to anus.

We retrospectively studied surgical specimens of

213 patients who underwent abdominoperineal re-

section for rectal cancer. According to our histolog-
ical examination, we found that internal or external
sphincter muscle resection could be a curative ther-
apy for preserving the anus for low rectal cancer or
anal canal cancer.16

In this prospective study, we compared IESR and
statddard low anterior resection concerning early
postoperative anal and bowel function. It is well
known that MRP and HPZ reflect internal anal
sphincter muscle function, whereas MSP reflects ex-
ternal anal sphincter muscle function.” MRP, HPZ,

KISHIMOTO

and MSP were significantly lower after IESR than
those after LAR]. MTV indicating neorectal capaci-
ty'? decreased 12 months after surgery in the IESR
group compared with that of the LARJ group, al-
though there was no significant difference between
the two groups. This suggests that IESR caused
sphincteric insufficiency, leading to precocious de-
tachment of the rectal balloon and making it difficult
to evaluate function of the pouch, in contrast with
normal sphincter muscle function after LAR].

Furst et al'® noted that a short pouch of 5 cm in
length was useful in decreasing defecation frequency
and preventing fecal urgency caused by abolished
peristaltic waves. In our study, intestinal peristalsis
was measured at the oral side anastomotic portion,
but the pouch was found to be devoid of peristaltic
waves. Rullier ef al'4 obtained better bowel function
after ISR with construction of pouch than after ISR
with straight anastomosis. In their ISR patients, the
functional score showed a trend toward improve-
ment despite anorectal function remaining un-
changed during the course of time. Construction of a
pouch may contribute to the inconsistency between
physiological findings and clinical symptoms. _

The postoperative transit time in the left colon
determined by Arhan et al® was significantly in-
creased in both groups over preoperative values of
the preoperative control group. This is explained by
the decrease of blood flow in the left colon after
severing of the inferior mesenteric artery and by the
decrease of motility of the left colon after dissection
of the parasympathetic nerve. The delayed transit in
the left colon seems to be a benefit for bowel function
for IESR. The lack of peristaltic waves caused by
construction of pouch may also contribute to main-
taining good bowel function for IESR. It was re-
ported that ISR was accompanied by frequent defe-
cation, fecal urgency, and fecal incontinence, which
tended to improve with time, and that neither major
incontinence nor serious bowel dysfunction oc-
curred to require reconstruction of the colostomy.!
The incidence of minor incontinence after recon-

Table 3 Continence grading score in comparing the IESR group with the LAR] group

Type of LARJ (n = 8) IESR (n = 8)

incontinence Preoparative 6 months 12 months Preoperative 6 months 12 months
Solid 0/8 1/8 1/8 0/8 1/8 0/8
Liquid 0/8 1/8 1/8 0/8 2/8 2/8
Gas 0/8 3/8 1/8 0/8 5/8 3/8
Wears pad 0/8 2/8 1/8 1/8 6/8 1/8
Life style alternation 0/8 1/8 2/8 0/8 6/8 . 2/8
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struction of the low anterior resection (LAR) with a
colonic J-pouch was estimated to range from 11% to
60%.1°-26 We observed night soiling in two of eight
IESR patients at 12 months after surgery. Daily rem-
nant sphincter muscle training with biofeedback
may be one of the helpful treatment for improving
physiologic, clinical anal function. Post-LAR symp-
toms including frequent defecation, fecal inconti-
nence, fecal urgency, and constipation were attribut-
able to decreased anal sphincteric function and
decreased capacity for feces.?” Some investigators
reported the usefulness of a colonic J-pouch against
these complications.2>-26 Constructing a pouch that
would delay the postoperative transit time in the left
colon was found to be effective, at least for a year
after IESR, in reducing frequent defecation, fecal ur-
gency, fecal incontinence, and other adverse events
observed in the early postoperative phases. How-
ever, a disadvantage was indicated with reconstruc-
tion of a colonic J-pouch; some patients complained
of difficulty of defecation for a long time after sur-
gery.1921.22 According to observation, the transit time
in the left colon was prolonged after operation for
rectal cancer, and this constituted one of causes of
defecation trouble,?® so we prepared a 6-cm short
pouch, and none of our patients complained of dif-
ficulty of defecation. However, the patients in the
IESR group may be suffered from the risk of devel-
oping difficulty of defecation in the future. It is well
known that patients with permanent stoma suffer
from mental stress, depression, and limited social
function more frequently than those with a pre-
served anus.?°-3! Renner et al's compared quality of
life (QOL) of patients receiving transanal anastomo-
sis including ISR and those with stoma and con-
cluded, on the basis of physical signs and objective
evaluation, that the former had poorer QOL. They
recommended that every patient to be subjected to
transanal anastomosis should be fully informed of
postoperative adverse events. In our study, all IESR
patients felt satisfied after closure of ileostomy.
Even patients who underwent partial resection of
the superficial-deep external sphincter muscles had
relatively good bowel function at the time of this
report. The maximum extent of sphincteric resection
that preserves good bowel function is still unknown.
Because sphincter function alone determined by ano-
rectal function test is not predictive for bowel func-
tion after closure of stoma, additional predictable
measures should be established. As to the oncologic

results, long-term follow-up is required. Local recur-

rence including anastomotic site is one of the impor-
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tant problems. However, we have not anastomotic
recurrences.

In conclusion, a new procedure of transanal rectal
resection with internal and external sphincterectomy
showed usefulness in preserving bowel function and
avoiding permanent stoma. Further research and
long-term observation will be necessary to clarify the
extent of resection of the external sphincter muscle
that would secure good anal function and to evalu-
ate the therapeutic effect of this surgical modality.
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