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as follows: 13 patients had recurrences or died, 15 were
receiving adjuvant chemotherapy, 3 required an emer-
gency resection because of postoperative bleeding or
necrosis, 8 had severe leakages or strictures of the
anastomosis, and 2 were in the planning phase for the
stoma closure. Questionnaires about postoperative anal
function’ were prospectively collected from 96 of the 109
patients with closure, and these 96 patients were enrolled
in the present study.

Our indications for ISR were tumor edge 5 cm above
the anal verge or 3 cm above the dentate line, histolog-
ically confirmed adenocarcinoma, and age less than 76
years. Patients in whom invasion of the external sphincter
muscle had occurred or distal spread of the primary
cancer was suspected were excluded from this study.
Digital examination, anoscopy, and fiber colonoscopy
were performed preoperatively to measure the distance
between the tumor edge and the anal verge, dentate line,
or anal ring. Invasion of the external sphincter muscle
was diagnosed by pelvic magnetic resonance imaging, and
distant metastasis was diagnosed by chest, abdominal, and
pelvic CT scans. We determined preoperative stage
according to the UICC classification.’

Surgical Procedure

ISR was performed according to the method described
previously.” The surgical procedure included both an
abdominal and a perineal approach. First, dissection was
performed by the abdominal approach until total meso-
rectal excision was complete. The puborectal muscle
surrounding the lateral and posterior wall of the rectum
was exposed at the pelvic diaphragm. The outside layer of
the internal sphincter muscle was then exposed and
circumferentially divided from the puborectal muscle and
the external sphincter. Lateral lymph node dissection was
generally performed for stage T3 and T4 disease.'’

(3)-Partial ISR
(®):Subtotal ISR

ES Superficial part
Subcutaneous part

{Siinternal sphincter
ES:External sphincter

DL:Dentate line
AV:Anal verge
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After the part of the operation performed via the
abdominal approach was completed, perianal resection
was performed. The mucosa and the internal sphincter
muscle were incised 1 cm to 2 cm distal to the tumor.
The anal orifice was closed with pursestring sutures to
avoid tumor cell dissemination during the perianal
operation. Once the intersphincteric space was entered,
careful dissection was continued upward between the
smooth and striated sphincters under constant guidance
by an assistant from the abdominal side.

Total ISR involved complete excision of the internal
sphincter muscle for tumors that had spread to or beyond
the dentate line. The distal line of resection was at the
intersphincteric groove. Total ISR was unnecessary when
the tumor was located >2 cm from the dentate line. In
such cases, subtotal ISR was performed instead. In
subtotal ISR, the distal line of resection was between the
dentate line and the intersphincteric groove, and the
dentate line was included in the resection. Partial ISR was
performed when the tumor was located 2 cm to 3 cm
from the dentate line, with the distal line of resection on
or above the dentate line. Partial ISR sometimes includes
a conventional coloanal anastomosis procedure.” The
definitions of each type of ISR are shown in Figure 1. If
the tumor had invaded the external sphincter, ISR plus
partial resection of the external sphincter was performed,
but at least the subcutaneous part of the external
sphincter was preserved. The distal margin was patho-
logically evaluated during surgery; if cancer cells were
found at the distal margin, additional resection was
performed. The decision whether to create a pouch—
either a J-pouch or a transverse coloplasty pouch (TCP)—
was left to the discretion of the surgeon.

Preoperative Therapy
Forty patients, most with T3 tumors, agreed to preoper-
ative chemoradiotherapy (CRT). During a five-week

LAM:Levator ani muscle
1SGintersphincteric groove

FIGURE 1. Classification of intersphincteric resection (ISR) based on extent of excision of the internal sphincter.
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period, a dose of 45 Gy was administered, along with
continuous intravenous infusion of 5-fluorouracil (250
mg/m?®/day) to increase the efficacy of radiotherapy.
Resection was performed two weeks after the preoperative
CRT was completed.'!

Assessment of Function

Functional outcome was assessed with our function
questionnaire,” which asked about stool frequency (num-
ber of bowel movements per 24 hours), ability to
distinguish between feces and flatus, urgency (inability
to defer stool evacuation for >15 minutes), fragmentation
(more than two evacuations in one hour), soiling during
the day or during the night, use of pads, use of
medications, and alimentary restriction. Incontinence
was assessed by using the continence score of Jorge and
Wexner'? (Wexner score) and the classification proposed
by Kirwan et al.'> Questionnaires were obtained from the
patients during consultation in the doctor’s office, but the
patients had filled out the questionnaires by themselves at
their homes. To evaluate the Wexner score, we obtained
questionnaires from 88 of 96 patients at 3 months after
stoma closure, 84 of 96 at 6 months, 73 of 96 at 12
months, and 60 of 96 at 24 months. In this study,
evaluation of risk factors for poor anal function after
ISR was performed on the basis of the Wexner score at
12 months after stoma closure. We defined poor anal
function as a Wexner score of 16 points or more. Because
18 of the 19 patients with a Wexner score of 16 points or
more were classified as Kirwan grade 4, this suggested
that a Wexner score of 16 points or more represented
frequent major soiling. The cutoff value in this study
was similar to the value in Chamlow’s report,'* in
which the mean Wexner score of the incontinent group
was 15 points.

Statistical Analysis

Student’s t-test and Fisher’s exact test were used to
evaluate changes over time in symptoms related to anal
dysfunction, Wexner score and Kirwan classification after
stoma closure following ISR. Clinical factors that might
negatively affect anal function, i.e., sex, age, type of
reconstruction, anastomotic leakage, extent of excision of
the internal sphincter, partial resection of the external
sphincter, lateral lymph node dissection, and preoperative
CRT, were evaluated as potential confounding factors in
univariate and multivariate analyses. The differences in
the distribution of these factors between patients with
Wexner scores <16 and those with Wexner scores >16 at
12 months were analyzed for significance with the chi-
squared test. The effect of these variables on poor anal
function was evaluated by calculating odds ratios. The
patients were divided into two groups according to the
extent of excision of the internal sphincter: a total ISR
group and a nontotal ISR group. Nontotal ISR included
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partial ISR and subtotal ISR. All of the analyses were
conducted with adjustment for all of the potential con-
founding factors by logistic regression. Next, we evaluated
the effect of preoperative CRT separately in the total ISR
group, subtotal ISR group, and partial ISR group.

All statistical analyses were performed with the
STATISTICA data analysis software system, version 6
(StatSoft, Inc. [2003]; www.statsoft.com.). P values less
than 0.05 were considered statistically significant.

RESULTS

Table 1 shows the clinical characteristics of the 96
patients analyzed, including mean tumor distance from
the anal verge, dentate line, and anal ring; preoperative
CRT; extent of excision of the internal sphincter muscle;
resection of the external sphincter; type of reconstruction,
and lateral lymph node dissection. Postoperative anasto-
motic leakage occurred in 15 (16 percent) of the 96
patients. Perioperative mortality was 0 percent.

Overall, cancer was classified as stage I in 29 (30
percent)of the 96 patients, stage II in 18 (19 percent),
stage I in 37 (39 percent), and stage IV in 4 (4 percent).
Of the 40 patients with preoperative CRT, 8 patients had
clinical (¢) T2 tumors, 31 had ¢T3 tumors, and 1 had a
¢T4 tumor. Of 56 patients without preoperative CRT, 4
had cT1 tumors, 11 had ¢T2 tumors, 37 had ¢T3 tumors,

TABLE 1. Clinical background of patients treated by

intersphincteric resection (n = 96}

Characteristic Value
Age (yr) 58 (27-81)
Sex

Male 72

Female 24
Tumor distance (cm) from

Anal verge 38

Dentate line 20

Anal ring 1.0
Preoperative CRT

+ 40

- 56
Extent of excision of the internal sphincter

Total ISR 26

Subtotal ISR 43

Partial ISR 27
Partial resection of the external sphincter

+ 21

- 75
Reconstruction

Straight anastomosis 84

J pouch 4

TCP 8
Lateral lymph node dissection

+ 64

- 32

CRT = chemoradiotherapy; ISR = intersphincteric resection; TCP = transverse
coloplasty pouch. * Age is given as mean with range in parentheses. Other data are
number of patients.
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TABLE 2. Clinical course of anal dysfunction in patients who underwent ISR followed by stoma closure

Symptoms related to anal function 3 months 6 months 12 months 24 months
Bowel movements >5 per day 53/90 (59) 41/85 (48) 27/76 (36)** 15/58 (26)**
Incontinence of gas 20/84 (24) 23/80 (29) 17/71 (24) 14/56 (25)
Incontinence of loose stools 34/88 (39) 22/84 (26) 20/74 (27) 14/60 (23)*
Incontinence of solid stools 24/88 (27) 18/84 (21) 17/74 (23) 10/60 (17)
Soiling during the day 35/90 (39) 22/85 (26)* 20/74 (27) 14/60 (23)*
Soiling during the night 21/90 (23) 13/85 (15) 13/74 (18) 11/60 (18)
Pad wearing 67/87 (77) 54/85 (64) 42/74 (57)** 37/59 (63)*
Cannot discriminate between feces or flatus 19/88 (22) 10/85 (12} 8/74 (11) 3/58 (5)**
Urgency 16/87 (18) 11/85 (13) 9/74 (12) 10/58 (17)
Stool fragmentation 45/87 (52) 35/85 (35) 34/74 (46) 30/58 (52)
Very low satisfaction 21/85 (25) 10/85 (12)* 10/72 (14) 10/58 (17)

ISR = intersphincteric resection. * Data are proportion of patients reporting daily problems via questionnaire, with percentages in parentheses.
Percentages with each anal dysfunctions in 6, 12 and 24 months were statistically compared with those in 3 months using Fisher’s exact test.

* P <0.05* P <001

and 4 had cT4 tumors. There were no significant
differences in clinical stage between patients with and
those without preoperative CRT. In the group with
preoperative CRT, 8 patients (20 percent) had histolog-
ically complete remission after CRT, according to the
UICC TNM classification; 4 patients (10 percent) had a
pT1 tumor; 10 (25 percent) had a pT2 tumor; 17 (43
percent) had a pT3 tumor; and 1 (3 percent) had a pT4
tumor. In the group without preoperative CRT, 6 patients
(11 percent) had a pT1 tumor, 17 (30 percent) had a pT2
tumor, 31 (55 percent) had a pT3 tumor, and 2 (4
percent) had a pT4 tumor.

Pathologic examination showed that the mean distal
margin of all patients was 1.5 cm (range, 0.2-5.5 cm). We
routinely performed pathologic examination of the distal
margin during the operation, and positive margins were
diagnosed in three patients. In such cases, additional
resections of distal margins were performed during the
operation, and we made sure that the distal margins in all
patients were free from cancer cells. Of all 96 patients
who underwent ISR, 3 patients were found to be positive
for circumferential margins, and an RO operation was
achieved in 93 patients (97 percent).

Median follow-up was 37 months (range, 1-90
months). The three-year disease-free survival rate was
67 percent and three-year overall survival rate was 81
percent. The three-year local disease-free survival rate was

87 percent. Three patients underwent abdominoperineal
resection or Hartman’s operation and were converted to
permanent stomas within one month after ISR because of
early complications, which included two episodes of post-
operative bleeding and one necrosis of the anastomosis.

Table 2 shows the clinical course of anal dysfunction
based on the patients” answers to the questionnaires 3, 6,
12, and 24 months after the diverting stoma was closed.
At 24 months after the stoma was closed, 26 percent of
patients reported more than five bowel movements a
day; 25 percent reported daily incontinence of gas; 23
percent reported incontinence of loose stools; 17 percent
reported incontinence of solid stools; and 52 percent
reported stool fragmentation. The percentage of patients
who could not discriminate between feces and flatus
decreased gradually from 22 percent at 3 months to 5
percent at 24 months. A very low level of satisfaction
with anal function was reported by 25 percent of patients
at 3 months, but by only 14 percent at 12 months, and
17 percent at 24 months.

Table 3 shows the Wexner scores and Kirwan classi-
fication over time for all patients for whom data were
available. Gradual improvement in the Wexner score was
seen from 3 to 6 months, and slight further improvement
was observed between 6 and 24 months. In the Kirwan
classification, the percentage of patients with frequent
major soiling decreased over 24 months (particularly

TABLE 3. Incontinence scores after stoma closure in patients who underwent ISR

3 months (n=88)

6 months (n=84)

12 months (n=73} 24 months (n=60)}

Wexner score 11.7 (53)
Kirwan classification
Perfect 8(9)
Incontinence of flatus 9 (10)
Occasional minor soiling 36 (41)
Frequent major soiling 35 (40)
Incontinent (required colostomy) 0 (0)

10.3 (5.8) 10.0 (6.0) 9.6 (53)*
15 (18} 18 (25)= 13 (22)*
8(10) 8(11) 11 (18)
39 (46) 27 (37) 22 (37)
22 (26)* 20 (27) 14 (23
0(0) 0 (0) 0 (0)

Data are means with standard deviation in parentheses for Wexner score and numbers of patients with percentages in parentheses for Kirwan classification.
Wexner score and Kirwan classification in 6, 12 and 24 months were statistically compared with those in 3 months.

* P <005 *™ P <001
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TABLE 4. Analysis of variables associated with poor Wexner scores after ISR

Wexner score Univariate analysis Multivariate analysis

Variable <16 >16 QOdds ratio (95% Cl) P value Odds ratio (95% Cl) P value
Sex

F 15 2(12)

M 39 17 (30) 3.3 (0.7-16.3) 0.1 2.1 (04-12.9) 04
Age (yr)

<70 49 18 (27)

>70 5 1(17) 0.5 (0.06-5.2) 0.5
Reconstruction

Straight 46 17 (27)

Pouch 8 2 (20) 0.7 (0.1-3.6) 0.6
Anastomotic leakage

- 44 16 (27)

+ 10 3 (23) 0.8 (0.2-3.5) 0.7
Extent of excision of the internal sphincter

Subtotal ISR or partial ISR 42 10 (19)

Total ISR 12 9 (43) 3.2 (1.0-9.7) 0.04 1.2 (0.3-4.5) 0.8
Partial resection of the external sphincter

- 43 13 (23)

+ 1" 6 (35) 1.8 (0.5-5.9) 03
Lateral lymph node dissection

- 22 3(12)

+ 32 16 (33) 3.7 (0.9-14.4) 0.06 3.8 (0.8-18.8) 0.1
Preoperative CRT

- 35 3(9)

+ 19 16 (46) 9.8 (2.5-38.9) <0.01 10.3 (2.3-46.3) <0.01

CRT = chemoradiotherapy; 95% Cl = 95 percent confidence interval. » Data for Wexner score are number of patients, with percentage in parentheses for the category =16
points. Data for odds ratios are relative likelihood of having a Wexner score 216 (poor anal function), with 95% Cl in parentheses.

from 40 percent at 3 months to 26 percent at 6 months),
and the percentage with perfect function increased during
the first year (from 9 percent at 3 months to 18 percent at
6 months, and to 25 percent at 12 months).

As shown in Table 4, in the univariate analysis, poor
anal function assessed by the Wexner score at 12 months
was significantly associated with greater extent of excision
of the internal sphincter (total ISR) (P = 0.04) and with
preoperative CRT (P < 0.01). Sex, age, type of recon-
struction, presence of anastomotic leakage, partial resec-
tion of the external sphincter, and lateral lymph node
dissection were not associated with poor anal function
after ISR. In the multivariate analysis, preoperative CRT
was the only independent factor associated with poor anal
function after ISR (P < 0.01).

As shown in Table 5, mean Wexner scores in each
type of ISR were higher in patients who received pre-

TABLE 5. Effect of preoperative CRT on anal function

(Wexner score) in patients who underwent partial ISR,
subtotal ISR, or total ISR

Partial Subtotal Total
ISR (n=17) ISR (n=36) ISR (n=20})
Preoperative CRT
- 6.1 (14) 6.9 (19)* 8.6 (5)
+ 133 (3) 13.6 (17)* 13.1 (15)

CRT = chemoradiotherapy; 95 percent Cl = 95 percent confidence interval; ISR =
intersphincteric resection. * *P < 0.01. » Data are mean Wexner score with number
of patients in parentheses.
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operative CRT than in those who did not. This difference
was significant in the group with subtotal ISR (P < 0.01).

DISCUSSION

Of the factors investigated in our study, preoperative CRT
had the greatest negative impact on anal function after
ISR. Total ISR was more strongly associated with anal
dysfunction than either subtotal or partial ISR. Moreover,
a negative effect of preoperative CRT on anal function
was found regardless of the extent of preservation of the
internal sphincter muscle. This study confirmed the
recent report by Chamlou et al.** that functional results
after ISR are altered by preoperative CRT.

We evaluated postoperative anal function after 1SR
on the basis of prospective data obtained from question-
naires on function that were filled out by the patients
themselves. Self-report data are important in obtaining an
accurate picture regarding anal function.'

Previous reports have mentioned postoperative dys-
function after ISR, mostly regarding incontinence of gas
or stools.”™ Rullier et al.'® found that 10 percent (2/21)
of patients with major soiling after ISR had received
preoperative radiotherapy. A long-term study by Shiessel
et al.'” showed incontinence of gas or liquid stools in 13.7
percent of patients. The rate of incontinence in our study
was similar to that found by Chamlou et al.,'* but worse
than that found by others. Comparison is difficult
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because most reports did not clearly state the time after
stoma closure at which results for function were assessed
or what methods were used for assessment. Moreover, the
effects of preoperative CRT or extent of excision of the
internal sphincter were not investigated. At 12 months
after stoma closure, 25 percent of the patients in our
study were continent (“perfect” according to the Kirwan
classification), and this rate was similar to the 29.6
percent reported by Kohler et al® and the 20 percent
reported by Teramoto et al'® The long-term study by
Bretagnol et al.,® in which anal function was evaluated by
means of a questionnaire similar to the one used in our
own study, yielded a mean Wexner score of 10.8,
comparable to our 2-year mean score of 9.6.

The cause of the negative effects of conventionally
fractionated chemoradiotherapy on anorectal function is
still unclear. Lim et al'® attributed poor anorectal
function after a conventionally fractionated 45-Gy dose
of preoperative CRT to damage to the pudendal nerve.
Other reports®®*' showed that, after radiotherapy, rectal
function was worsened by radiation proctitis and reduced
rectal compliance from fibrosis of the rectal wall.
Moreover, anal sphincter dysfunction after radiation
may be a result of direct radiation injury to the internal
anal sphincter muscle.?”> Incontinence after ISR with
preoperative CRT might be at least partially explained
by these findings. Our results also showed that conven-
tional CRT was associated with anal dysfunction 12
months after stoma closure, and the adverse effects had
occurred at only 3 months. We cannot clearly explain
why this adverse effect of preoperative CRT occurred so
early after irradiation. Moreover, we do not know
whether this anal dysfunction caused by preoperative
CRT will continue permanently or improve in the future.
It will be important to determine whether the anal
dysfunction caused by CRT improves in a long-term
follow-up. The mechanism responsible for the anal
dysfunction caused by preoperative CRT should also be
further investigated.

Despite its potential negative effects on anal function,
preoperative CRT has been shown to increase the
sphincter-saving rate, thus avoiding permanent colosto-
my.?® Guillem et al** reported that after preoperative
combined-modality therapy, a l-cm margin of distal
clearance beyond the mucosal edge should assure a
negative distal margin in the majority of rectal cancer
patients. We agree that some patients could avoid
permanent stoma by ISR if a 1-cm distal clearance is
achieved after preoperative CRT.

Consistent with results reported by Gamagami
et al,”® our study indicated that total resection of the
internal sphincter also had an impact on anal function.
One year after stoma closure, the mean Wexner score in
our patients who underwent total ISR without preoper-
ative CRT was 8.6, which was higher than the mean of
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6.9 found in patients with subtotal ISR group or the 6.1
in patients with partial ISR. However, these scores were
lower than those in patients who received preoperative
CRT, who had mean Wexner scores above 13 points
whether they had undergone partial ISR, subtotal ISR, or
total ISR. These results suggested that, in the absence of
irradiation, anus preservation with tolerable function can
be expected even after total ISR.

Our results did not clearly show superiority of a
J-pouch or a TCP after low anterior resection’®* or
ISR.2%% In our early experience of ISR, anastomosis of a
colonic J-pouch down to the level of the dentate line was
often not technically feasible because of the bulk of
mesocolic fat or inadequate length of preserved colon.
Thus, we had only 12 patients with a J-pouch or TCP.
Fazio et al® also commented that some patients were
ineligible for a J-pouch because of a bulky mesocolon.
However, we agree that creation of a pouch is widely
accepted as a better means of preserving of anal function
and reducing postoperative morbidity,?*>"*? and this
issue should be addressed by other studies of ISR for very
low rectal cancer.

It is also important to decide on the indications for
ISR in elderly patients. We generally excluded patients
who had anal dysfunction before surgery. Old age itself
affects anal function®® and should be considered in the
decision to perform ISR. However, before surgery, most
patients with rectal cancer have poor anal function
because of irritation from a tumor near the anus. Thus,
it is difficult to clearly identify an indication for ISR based
on preoperative anal symptoms in either elderly or
younger patients. In our series, the postoperative anal
function of patients 70 years and older was comparable to
that of patients under 70 years of age, and our results
were similar to those of Dehni et al>* These findings
suggest that ISR may be acceptable in elderly patients who
do not require preoperative CRT or total ISR.

The local recurrence rate of 13 percent in our
patients was higher than the 8.8 percent reported by
Chamlou et al.'* The difference may be due to a higher
proportion of patients with stage III cancer in our study
than in that of Chamlou et al. (39 percent vs. 28 percent).
Moreover, 15 of our 37 patients with stage III had more
than 3 lymph nodes involved and were potentially in a
high risk group for recurrences.

In conclusion, preoperative CRT was found to be the
factor most strongly associated with poor anal function
after ISR, suggesting that patients with rectal cancer who
undergo ISR after preoperative CRT are very likely to
experience incontinence. This information should be
given to patients when they are offered a choice of
treatment. Since postoperative anal function after ISR
with reconstruction by a straight anastomosis can be
predicted based on our results, additional treatment to
rescue poor anal function will be needed for patients who
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are expected to have poor postoperative anal function.
Prospective trials of ISR with preoperative CRT for very
low rectal cancer should be performed to clarify both its
survival benefit and adverse effects on anal function.
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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

The aim of this study was to examine correlations between pressure profile of the anal canal and
postoperative defecatory disorder after sphincter-preserving operation (SPO) for rectal cancer.
Using three-dimensional vector manometry, pressure profile and length of the anal canal were
evaluated more than 1 year after SPO according to operation method and degree of postoper-
ative defecatory function in 53 patients with rectal cancer.

Compared with high anterior resection as a control, the anal canal was shorter in operations
with a pelvic floor maneuver, namely, low anterior resection, ultra-low anterior resection, and
intersphincteric resection. Patients with postoperative defecatory disorder showed significantly
shorter anal canal length than patients with fair function. Length of the circular high-pressure
zone (= 20 mmHg) < 20 mm in the resting state was a strong predictor of severe postoperative
defecatory malfunction, with Wexner score = 10.

Operative maneuvers at the pelvic floor during SPO for rectal cancer may damage anal sphincter
or levator ani muscles. The circular high-pressure zone can be measured only by three-
dimensional manometry and may offer a useful indicator of sphincter damage after SPO for
rectal cancer. (] Am Coll Surg 2009;208:362-367. © 2009 by the American College of

Surgeons)

Sphincter-preserving operation (SPO) has been the surgi-
cal treatment of choice for the majority of rectal cancer
patients. But causes of the postoperative defecatory disor-
der after SPO that is seen in approximately half of patients'
have not been well delineated. Studies using anal manom-
etry have revealed that resting pressure and maximum
squeeze pressure are both degraded after surgery.” Postop-
erative anal sensation® or the physiologic rectoanal inhibi-
tory reflex® may be reduced simultaneously. Such sphincter
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malfunctions may be caused by direct injury during oper-
ation,” or may result from denervation of the anal sphincter
muscles during surgical maneuvers.®

Three-dimensional vector manometry (3D manometry)
has recently been used to evaluate patients with anal incon-
tinence” or postoperative anal damage, as seen in Hirsch-
sprung’s disease.® This study examined the postoperative
pressure profile of the anal sphincter using 3D manometry
in patients who underwent SPO for rectal cancer. Charac-
teristic findings commonly seen in patients with postoper-
ative defecatory disorder were investigated. In addition,
whether the pressure profile in 3D manometry can predict
severe postoperative defecatory disorder was examined.

METHODS
Patients

The study comprised 53 patients (35 men, 18 women;
median age, 63 years; range, 52 to 71 years) who under-
went anal SPO for rectal cancer. Among these, 13 patients

ISSN 1072-7515/09/$36.00
doi:10.1016/}.jamcollsurg.2008.10.035
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Abbreviations and Acronyms

C = length of circular pressure
CHPZ = circular high-pressure zone
HAR = high anterior resection

ISR = intersphincteric resection
LAR = low anterior resection

SPO = sphincter-preserving operation
T = total length of anal canal

3D = three dimensional

received high anterior resections (HAR), in which the anas-
tomotic line was above the peritoneal reflection; 21 pa-
tients received low anterior resections (LAR), in which the
anastomotic line was below the peritoneal reflection; 12
patients had ultra-low anterior resections (ultra-LAR), in
which the anastomotic line was inside the anal canal, and 7
patients had either partial or total intersphincteric resec-
tion (ISR) with transanal coloanal anastomosis as the re-
construction. In this series, seven patients received preop-
erative radiotherapy. The interval between the initial
operation and the time the physiologic study was per-
formed was 1 year in 36 patients (68%), 2 years in 6 pa-
tients (11%), and 3 years or more in 11 patients (21%).

Procedure for three-dimensional manometry

A 5-mm thick perfusion catheter comprising eight inde-
pendent thin lumens was specifically manufactured (Asahi
BioMed). Drainage holes of the lumens were situated radi-
ally at 45-degree intervals, 2 cm from the tip of the catheter.
At the entry, all lumens were connected to pressure trans-
ducers, then to a capillary water perfusion system with a
pressure of 150 mmHg. The transducers were connected to
an amplifier, from which data were transferred to a personal
computer for storage and analysis using Polygram software
(Japan Medtronic).

Measurements were taken with the patient in the left
lateral position. Before taking measurements, water pres-
sure at the height of the anus was set to zero, then 68 cm
above this zero point was adjusted to 50 mmHg. Just before
examination, patients were asked to defecate completely by
applying 110 mL of glycerin enema.

Resting pressure was taken using the pull-through
method, where the catheter inserted inside the neorectum
was manually pulled from 6 cm above the anal verge at 1
cm/ in conjunction with a signal sound from a personal
computer. Using the same method, squeeze pressure was
measured by asking the patient to maximally squeeze for
approximately 10 seconds. All measurements were re-
peated five or more times until stable data were obrained.
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Figure 1. Definition of anal canal lengths according to pressure
profiles in each channel. (A) Pressure distributions in channels 1 to
8 and definitions of anal canal length. (B) Three-dimensional con
struction of an 8-channel pressure profile. C, length of anal canal
with circular pressure; CHPZ, length of anal canal with circular high
pressure = 20 mmHg above baseline, T, total length.
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Table 1. Length of Anal Canal in Resting State Categorized by Different Criteria in Accordance with Operation Methods

Measurement HAR (n = 13) LAR (n = 21) Ultra-LAR (n = 12) ISR(n=17)
T, cm 51.2 = 5.6 440+ 8.8* 45.6 £ 5.2* 36.3 + 5.17
C, cm 402 * 6.6 302 = 9.07 30.5* 6.5 12.0 £ 9,57
CHPZ, cm 31174 225 * 9.0 23.0 = 8.2* 7.6 597

Values are reported as mean * standard deviation. Reported p values are for pairwise comparisons of LAR, Ultra-LAR, or ISR versus HAR.

*p < 0.05 versus HAR.
p < 0.01 versus HAR.

C, length of circular pressure; CHPZ, circular high-pressure zone; HAR, high anterior resection; ISR, intersphincteric resection; LAR, low anterior resection;

T, total length of anal canal.

Evaluation of data

Figure 1 summarizes the definition of anal canal length as
measured by 3D manometry. Under the pull-through
method, total length of the anal canal (T) was defined as
the length from the point at which any one channel is
higher than the baseline to the point at which all channels
drop to baseline. T presumably represents the longest
length of the anal canal measurable by manometry, and
may well reflect the conventional functional anal canal
length measured by a single-channel manometer. Length of
circular pressure (C) was defined as the length from the
point at which all eight channels are higher than baseline to
the point at which any one channel drops to baseline. This
may reflect the length of the anal canal that shows pressure
from 360 degrees. In addition, we defined the length of the
circular high-pressure zone (CHPZ) as the distance from
the point at which all eight channels are = 20 mmHg
above rectal baseline pressure to the point at which any one
channel drops to <20 mmHg. The reason we set
20 mmHg as the cut-off value was that pressure inside the
neorectum has not fluctuated = 20 mmHg at rest in most
of the patients tested to date.

Evaluation of defecatory dysfunction

Patients were interviewed using a self-administered ques-
tionnaire about recent defecatory status within 1 month
before or after each examination. Fecal soiling was catego-
rized based on previously reported criteria proposed by
Jorge and Wexner,” taking into account the degree and
frequency of incontinence. The Wexner incontinence scale
(Wexner score) measures five types of incontinence: solid,

liquid, gas, wearing a pad, and lifestyle alteration. Each
category was scored from 0 (never) to 4 (>1 episode/d). So
perfect continence is scored as 0; complete incontinence is
scored as 20.

RESULTS

Operation method and pressure profile

Lengths of the anal canal categorized by different defini-
tions compared with operation methods are summarized in
Tables 1 and 2. Compared with HAR, length of the anal
canal in resting state, which may reflect length of the inter-
nal sphincter muscle, was significantly decreased in LAR,
ultra-LAR, and ISR (Table 1). For length of the anal canal
in a squeezing state, which may be determined by external
sphincter and levator ani muscles, significant differences
were seen in patients who received ISR compared with
patients who received HAR. In patients having LAR or
ultra-LAR, significant differences in squeezing state were
seen only in length of the CHPZ in LAR, although all
categories in LAR and ultra-LAR tended to be reduced
compared with HAR (Table 2).

Defecatory disorder and pressure profile

Table 3 summarizes comparisons of length of the anal canal
between patients with good defecatory function (Wexner
score = 5) and those with poor function (Wexner
score > 5). In all the defined parameters, patients with fair
postoperative defecatory function showed significantly
longer anal canals when compared with those with poor
function. 3D reconstruction of luminal pressure from

Table 2. Length of Anal Canal in Squeeze State Categorized by Different Criteria in Accordance with Operation Methods

Measurement HAR (n = 13) LAR (n = 21) Ultra-LAR (n = 12) ISR(n=17)
T, cm 52.6 = 5.0 488 * 8.7 486 =57 413 £ 4.57
C,cm 43.1 £5.6 38.7 £ 9.9 40473 257 * 377
CHPZ, cm 39.0 * 8.3 31.7 £ 9.2* 33.6 £ 8.2 17.0 * 7.07

Values represent mean = standard deviation. Reported p values are for pairwise comparisons of LAR, Ultra-LAR, or ISR versus HAR.

*p < 0.05 versus HAR.
*p < 0.01 versus HAR.

C, length of circular pressure; CHPZ, circular high-pressure zone; HAR, high anterior resection; ISR, intersphincreric resection; LAR, low anterior resection;

T, total length of anal canal.

101



Vol. 208, No. 3, March 2009

Koda et al

Anal Sphincter Damage after Rectal Cancer Surgery 365

Table 3. Postoperative Defecatory Function and Length of
Anal Canal

Table 4. Cut-Off Value of Each Parameter as a Predictor of
Patients Showing Major Soiling

Wexner score Wexner score

Measurement = 5(n = 36) >5(n=17) p Value
T, cm
At rest 46.6 + 6.9 40.1 = 8.6 < 0.05
Squeezing 50.6 £ 6.9 445+ 72 < 0.01
C,cm
At rest 343*%73 21.1 £ 12.7 < 0.01
Squeezing 412+73 31.8 £10.2 < 0.01
CHPZ, cm
At rest 275+ 6.7 15.1 £ 10.0 < 0.01
Squeezing 35.1 8.6 249 £ 11.3 < 0.01

Values represent mean % standard deviation.
C, length of circular pressure; CHPZ, circular high-pressure zone; T, toral
length of anal canal.

sphincter muscles, as seen in Figure 2, indicated that pa-
tients with good defecatory function who underwent HAR
showed uniform pressure from 360 degrees, with minimal
differences among lengths of T, C, and CHPZ (Fig. 2A).
Some deformities were detected in the majority of patients
with LAR or ultra-LAR, resulting in discrepancies among
T, C, and CHPZ (Fig. 2B). In patients who underwent
ISR, severe deformity, with decreased pressure and short-
ening of the anal canal, was observed to various degrees
(Fig. 2C-1). But squeeze pressure was often stored when
external sphincter or levator ani muscles were preserved
undamaged (Fig. 2C-2).

Next, we defined cut-off values for each parameter as the
mean value minus 1 SD to examine whether severe defeca-
tory malfunction with major soiling (Wexner score = 10)
can be predicted. Cut-off values in all six categories signif-
icantly discriminated patients with severe defecatory mal-
function in the chi-square test (data not shown), but as
shown in Table 4, some patients with scores below cut-off
levels did not show severe dysfunction in most of the cate-
gories except CHPZ at rest. In CHPZ at rest, all patients
with a score below the cut-off value showed severe defeca-
tory malfunction, with Wexner score = 10. The positive
predictive value for cut-off of CHPZ at rest was 100%. Two
patients suffering from severe defecatory dysfunction with
Wexner score = 10 were included among patients with
CHPZ at rest above the cut-off value, so the true positive
rate was 83% (10 of 12) for the cut-off of CHPZ at rest.

DISCUSSION

3D manometry is a useful tool for evaluating gastrointesti-
nal luminal pressure, as seen from this study. Unlike single-
channel manometry, circular pressure can be evaluated us-
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Scored less With major solling*

Parameter than cut- scorlng less than  Predlctive
(cut-off) off, n cut-off, n value, %
T
At rest (40) 13 8 62
Squeezing (44) 10 5 50
C
At rest (37) 14 10 71
Squeezing (34) 15 9 60
CHPZ
At rest (20) 10 10 100
Squeezing (24) 13 9 69

*Wexner score =10,
C, length of circular pressure; CHPZ, circular high-pressure zone; T, total
length of anal canal.

ing this approach. In addition, whether circular pressure is
uniformly applied from 360 degrees can also be deter-
mined. These merits have been used for evaluation of the
luminal pressure disorder seen postoperatively in esopha-
geal atresia'® or Hirschsprung’s disease® to clarify whether
pressure disequilibrium is present inside the lumen.

This study evaluated pressure profiles in patients after
SPO for rectal cancer. Based on the 3D pressure profile, we
defined three different anal canal lengths: T, C, and CHPZ.
T is regarded as the longest length of the anal canal mea-
sured by manometry, and may well be measured by a
single-lumen catheter. C is an anal length with pressure
from 360 degrees. Cis considered a unique length that only
3D manometry can evaluate, not single-channel manom-
etry. In addition, we defined CHPZ as the length showing
acircular pressure = 20 mmHgabove baseline. CHPZ can
also be measured only by 3D manometry.

By comparing pressure profiles among operation methods,
length of the anal canal in a resting state was seen to be shorter
with LAR, ultra-LAR, and ISR than with HAR. In HAR,
surgical maneuvers do not extend to the pelvic floor; in LAR
and other operations with anastomosis lying distally, the in-
ternal anal sphincter muscles seem to be damaged. In ultra-
LAR or ISR, at least part of the internal sphincter muscles is
mechanically transected during the operative procedure,
which may be one of the major reasons for postoperative de-
teriorations in anal resting pressure. Luminal squeezing pres-
sure was preserved in the majority of patients who underwent
ultra-LAR (Table 2). In patients who underwent ISR, luminal
squeezing pressure was preserved in some patients (Fig. 2C)
despite significant overall damage, suggesting that the external
anal sphincter or levator ani muscles can be preserved undam-
aged even in ISR.

In LAR, the internal sphincter muscles and part of the
rectal wall are supposed to be preserved, but postoperative
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CHPZ CT

Figure 2. Three-dimensional reconstruction of luminal pressure from sphincter muscles. (A) A
patient with good defecatory function with Wexner score O who underwent HAR. Minimal
differences are seen among lengths of T, C, and CHPZ in a resting state. (B) A patient with
moderate defecatory function with Wexner score 5 who underwent LAR. Some deformities are
apparent in shape and thee are also discrepancies among T, C, and CHPZ in a resting state. (C)
A patient with severe defecatory malfunction with Wexner score 16 who underwent ISR, showing
severe deformity with decreased pressure and shortening of the anal canal in a resting state. No
CHPZ was determined. (D) Squeeze pressure in the same patient from C. Despite severe
defecatory disorder, luminal squeezing pressure was preserved. C, length of circular pressure;
CHPZ, circular high-pressure zone; HAR, high anterior resection; ISR, intersphincteric resection;
LAR, low anterior resection; T, total length of anal canal.

resting pressure was still adversely affected in some patients.
This suggests that surgical maneuvers at the bottom of the
pelvic floor may, at least in some patients, be a causative
factor for damage to the internal sphincter muscles, either
mechanically or through injury to the nerve supply. This
issue warrants additional investigation. Scarring near the
sphincter muscle may be an alternative cause of postoper-
ative sphincter damage. Careful surgical maneuvers at the
pelvic floor are warranted when SPO with total mesorectal
excision is applied for treatment of rectal cancer.

Next, we evaluated correlations between length of the
anal canal as defined by several parameters and degree of
postoperative defecatory dysfunction. Data clearly indi-
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cated that patients with defecatory disorder had signifi-
cantly shorter anal canal lengths than patients with fair
function. These findings are consistent with previous eval-
uations using single-channel manometry.'"'? In addition,
we examined whether any length of anal canal defined by
the various pressure profiles could predict severe postoper-
ative defecatory dysfunction with Wexner score = 10. All
defined lengths correlated with manifestations of severe
defecatory dysfunction when analyzed using a chi-square
test. But in most of the lengths defined, some patients
displayed anal canal length below the cut-off, but had fair
function, indicating that these parameters do not represent
a precise predictor of severe postoperative defecatory mal-
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function, despite displaying a correlation with poor function
statistically. Among the parameters, CHPZ at rest seemed to
be the best predictor of poor function; all 10 patients who
scored below the cut-off (20 mm) also suffered from severe
defecatory dysfunction. The positive predictive value for se-
vere postoperative defecatory malfunction was 100%, with a
true positive rate of 83% (10 of 12). For the two patientsin
whom CHPZ was above the cut-off, but who still
showed severe postoperative defecatory malfunction,
other factors such as motility disorder of the neorec-
tum'® may have contributed to the disorder.

In conclusion, this study suggests that 3D manometry is a
useful tool for evaluating postoperative defecatory malfunc-
tion. In particular, CHPZ, which can only be evaluated by 3D
manometry, appears to offer a good prediction of severe post-
operative defecatory malfunction. Operative maneuvers at the
pelvicfloor, including the approach to the anal sphincter, seem
to exert significant influences on circular sphincter tonus, so
may represent a causative factor for severe postoperative def-
ecatory malfunction. In SPO, preservation of a certain length
of anal canal with circular high pressure is essential to avoid
severe postoperative defecatory disorder.

Author Contributions

Study conception and design: Koda, Yasuda, Kosugi, Saito

Acquisition of data: Koda, Hirano, Kosugi, Suzuki, Yamazaki,
Tezuka, Higuchi, Tsuchiya

Analysis and interpretation of data: Koda, Hirano, Kosugi

Drafting of manuscript: Koda, Yasuda

Ccritical revision: Koda, Yasuda, Saito

REFERENCES

1. Hallbook O, Sjodahl R. Surgical approaches to obtaining opti-
mal bowel function. Semin Surg Oncol 2000;18:249-258.

104

10.

1L

12.

13.

. Miller AS, Lewis WG, Willamson MER, et al. Factors that

influence functional outcome after coloanal anastomosis for

carcinoma of the rectum. Br J Surg 1995;82:1327-1330.

. Nakahara S, Itoh H, Mibu R, et al. Clinical and manometric

evaluation of anorectal function following low anterior resection
with low anastomotic line using an EEA stapler for rectal cancer.

Dis Colon Rectum 1988;31:762-766.

. Owo IC, Ito K, Ye C, et al. Causes of rectal incontinence after

sphincter-preserving operations for rectal cancer. Dis Colon

Rectum 1996;39:1423--1427.

. Horgan PG, O’Connel PR, Shinkwin CA, Kirwan WO. Effect

of anterior resection on anal sphincter function. Br ] Surg 1989;

76:783-786.

. Jehle EC, Haehnel T, Starlinger MJ, Becker HD. Level of the

anastomosis does not influence functional outcome after ante-
rior rectal resection for rectal cancer. Am J Surg 1995;169:147
153.

. Damon H, Henry L, Roman S, etal. Influence of rectal prolapse

on the asymmetry of the anal sphincter in patients with anal
incontinence. BMC Gastroenterol 2003;19:23.

. Till H, Heirich M, Schuster T, Schweinitz D. Is the anorectal

sphincter damaged during a transanal entorectal pull-through
(TERPT) for Hirschsprung’s diseases? A 3-dimensional, vector
manometric investigation. Eur ] Pediaur Surg 2006;16:
188-191.

. Jorge JMN, Wexner SD. Etiology and management of fecal

incontinence. Dis Colon Rectum 1993;36:77-97.

Kawahara H, Kubota A, Hasegawa T, et al. Lack of esophageal
contraction is a key determinant of gastroesophageal reflux dis-
ease after repair of esophageal auresia. | Pediatr Surg 2007;42:
2017-2021.

Ho YH, Tan M, Leong A, et al. Anal pressures impaired by
stapler insertion during colorectal anastomosis: a randomized,
controlled trial. Dis Col Rectum 1999;42:89--95.

Gearhart S, Hull T, Floruta C, et al. Anal manometric parame-
ters: predictors of outcome following anal sphincter repair?
] Gastrointest Surg 2005;9:115-120.

Koda K, Saito N, Seike K, et al. Denervation of the neorec-
tum as a potential cause of defecatory disorder following low
anterior resection for rectal cancer. Dis Col Rectum 2005;48:
210-217.



World J Surg (2009) 33:1750-1756
DOI 10.1007/s00268-009-0079-2

Oncologic Outcome of Intersphincteric Resection for Very Low

Rectal Cancer

Norio Saito - Masanori Sugito - Masaaki Ito -

Akihiro Kobayashi + Yusuke Nishizawa « Yasuo Yoneyama -

Yuji Nishizawa - Nozomi Minagawa

Published online: 2 June 2009
© Société Internationale de Chirurgie 2009

Abstract

Background In 2000 we launched a prospective program
of intersphincteric resection (ISR) for very low rectal
cancer. In this study we compared the oncologic outcome
of patients who underwent ISR with the outcome of
patients whe underwent abdominoperineal resection
(APR).

Methods The data of 202 patients with very low rectal
cancer who underwent curative ISR (n = 132) or curative
APR (n = 70) between 1995 and 2006 were analyzed.
Patients were divided into ISR and APR groups. Survival
and local recurrence were investigated in both groups.
Results The median follow-up was 40 months in the ISR
group and 57 months in the APR group. The 5-year local
relapse-free survival rate was 83% in the ISR group and
80% in the APR group (p = 0.364), and the 5-year disease-
free survival rate was 69% in the ISR group and 63% in the
APR group (p = 0.714).

Conclusions For very low rectal cancers, ISR appears to
be oncologically acceptable and can reduce the number of
APRs.
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Introduction

The main goal of rectal cancer surgery is to cure the car-
cinoma and achieve local control. An additional goal is to
preserve anal sphincter function for a better quality of life.
The development of surgical techniques and combined
adjuvant therapy has led to improved local control and
patient survival [1]. The technique of total mesorectal
excision, developed by Heald et al. [2], is now the gold
standard in the operative management of rectal cancer in
the middle and lower thirds. The advent of mechanical
low-stapling and double-stapling techniques, as well as
sutured coloanal anastomosis, has facilitated anastomosis
at the distal rectum. These methods have increased the
incidence of sphincter salvage. Further understanding of
the safe distal resection margin has increased the incidence
of successful sphincter-saving surgery. Distal intramural
spread rarely extends more than 1 cm beyond the edge of
the tumor [3, 4]. Nevertheless, lower rectal cancers located
less than 5 ¢cm from the anal verge or less than 2 cm from
the dentate line are traditionally treated by abdominoperi-
neal resection (APR) [5-7].

In recent years additional efforts have been made to
increase the rate of sphincter preservation. The most
extreme form of rectal resection is abdominoperineal in-
tersphincteric resection with coloanal anastomosis (ISR)
[7-21]. 1t is an alternative to APR for tumors in the su-
prasphincteric part of the rectum and tumors extending into
the anal canal. Since 2000 this procedure has often been
performed at our institute as an alternative to APR for
consenting patients, although APR is still the standard
surgical procedure for patients with very low rectal cancer
in Japan.

The aims of this study were to determine the oncologic
outcome following ISR of very low rectal cancer and to
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compare these results with the outcome following standard
APR.

Patients and methods
Patients

Between 1995 and 2006, a total of 202 consecutive patients
who underwent curative ISR with coloanal anastomosis or
curative APR for low-lying primary rectal cancer located
between 1.0 and 5.0 cm from the anal verge were identified
from the hospital databases, and these patients’ medical
charts were retrospectively reviewed. The inclusion criteria
for this study were histologically proven rectal adenocar-
cinoma without synchronous metastasis, patients with
cancer-free distal and circumferential margins by ISR or
APR, and patients with clinical T1, T2, T3, or part of T4
rectal tumors involving the prostate or the vagina. The
tumor staging was done by digital examination, computed
tomography (CT), magnetic resonance imaging (MRI),
barium enema, or colonoscopic examination. Endorectal
ultrasonography was occasionally performed to rule out
local excision. The exclusion criteria in this study were
tumorous invasion of the intersphincteric groove, definitive
massive invasion into the levator ani muscle and/or the
external anal sphincter by T4 tumors, and synchronous
distant metastasis. Patients with diffusely infiltrating car-
cinoma such as macroscopic type 4 gastric cancer were
also excluded. Thus, patients with tumorous invasion into
the intersphincteric groove, the levator ani muscle, and the
external anal sphincter muscle were candidates for only
APR. Therefore, those patients undergoing APR were
excluded from the APR group in this study. However,
patients with T3 tumors undergoing ISR combined with
partial external anal sphincter resection (PESR) for
obtaining safe surgical margins were included in the ISR
group in this study.

In the present study, 132 patients underwent curative
ISR and 70 patients underwent curative APR for very low
rectal cancer. All patients had cancer-free surgical mar-
gins. Intersphincteric resection including PESR was per-
formed between 2000 and 2006 as an alternative to APR.
Of the 132 patients in the ISR group, 27 also underwent
PESR for portions of T3 or T4 tumors. Abdominoperineal
resection was performed mainly between 1995 and 2002.
In fact, only 11 patients underwent APR between 2000
and 2006. In 1999, we started to evaluate the indications
for ISR in patients with advanced lower rectal cancer, and
the basis of a new therapeutic algorithm for very low
rectal cancer was established in 2000 at our institute.
Postoperative mortality and mobility, local control, and
survival were investigated. Detailed documentation of the
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histopathological findings permitted classification of the
patients in accordance with the 6th (2002) edition of the
UICC TNM classification [22]. Postoperative complica-
tions were defined as all events necessitating diagnostic or
therapeutic measures and those prolonging hospital stay.
Postoperative mortality included all patients who died
postoperatively in the hospital, irrespective of the time
interval from the operation.

Follow-up examinations were performed every
3 months for 2 years postoperatively and every 6 months
there after using clinical examination, laboratory tests
(including tumor markers CEA and CA19-9), and radio-
logic examination (liver and pelvic CT, and pulmonary CT
or chest radiography). Local recurrence was defined as the
presence of any anastomotic, pelvic, or perineal tumor and
regional lymph node metastases documented by clinical,
radiologic, and/or pathological examination, even if distant
metastases were present.

The analyzed parameters were compared between the
ISR group and the APR group.

Intersphincteric resection technique

Intersphincteric resection was performed following the
methods previously reported by Schiessel et al. [8] and
others [11-15]. The surgical technique included both
abdominal and peranal approaches. In the abdominal
approach, ligature of inferior mesenteric blood vessels
close to the origin, total mesorectal excision, and pelvic
lateral node dissection with autonomic nerve preservation
were performed, although lateral node dissection is not the
standard of care outside of Japan [23-25]. The rectum was
mobilized carefully, as low as possible to the pelvic floor,
to facilitate the peranal approach. The surgical anal canal
that commences at the anorectal angle and ends at the anal
verge was then divided circumferentially from the pubo-
rectalis muscle and the external sphincter.

If a patient had a clinical T3 tumor in the anal canal
area, the puborectal muscle and/or the external sphincter
were partially resected to obtain sufficient safety margins.
As a result, the fatty tissue of the ischiorectal fossa was
sometimes visualized. This procedure is called ISR plus
PESR and has been reported in our previous studies [15,
18]. In the present study, patients who had PESR were
included in the ISR group. After the abdominal approach,
peranal ISR was performed. Circumferential incision of the
mucosa and ISR was initiated 1-2 cm distal from the lower
edge of the tumor. The anal orifice of the rectum was
immediately closed with purse string suture to avoid the
spread of tumor cells during the peranal procedure. Once
the intersphincteric plane [26] was entered, careful dis-
section continued upward. A frozen-section examination
of the resected specimen was carried out to ensure the
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oncologic safety margins after material removal. Following
that, the sigmoid colon was pulled down and a coloanal
anastomosis with or without colonic pouch was made using
peranal manual suturing. Finally, a diverting stoma using
the ileum or transverse colon was established. This stoma
was closed 3 months or more postoperatively.

Adjuvant therapy

Most patients with a stage III tumor (pTNM pathologic
classification) received postoperative chemotherapy with
5-flucrouracil and folic acid, tegafur uracil, or other drugs
for 6 months or more. Preoperative radiochemotherapy
(45 Gy delivered over a 5-week period with continuous
infusion of S-fluorouracil) was performed in 48 patients in
the ISR group with T3 clinical tumors who agreed to
preoperative adjuvant therapy, although preoperative
radiochemotherapy for resectable rectal cancer was not
standard at that time in Japan.

Statistical analysis

Patients were divided into two groups: the ISR group and
the APR group. Overall survival (OS) and disease-free
survival (DFS) were calculated using the Kaplan-Meier
method. Time to final follow-up evaluation, treatment
failure, or death was measured from the date of proctec-
tomy. Local recurrence was evaluated using a cumulative
local relapse-free survival curve (LFS). Assessment of
recurrence and survival was performed in patients with
microscopically curative surgery. Differences between
curves were evaluated with the log-rank test. All statistical
analyses were performed using SPSS software for Win-
dows, version 13.0 J (SPSS-Japan Inc., Tokyo, Japan). A
value of p < 0.05 was considered statistically significant.

Results

Of the 202 patients with very low rectal cancer treated
radically during the study period, 70 underwent APR and
132 underwent ISR intended to be curative. The charac-
teristics of the patients in each group are given in Table 1.
Age, sex, tumor distance from the anal verge, distribution
of T stage and node involvement, rate of perioperative
complications, and morbidity rate were comparable in the
two groups. The median distance between the lower edge
of the tumor and the anal verge was 3.5 cm (range = 1.5-
5.0 cm) in the ISR group and 3.0 cm (range = 1.0-5.0 cm)
in the APR group. With respect to T-stage distribution, 92
patients (69.7%) had clinical T3 tumors in the ISR group
and 47 patients (67.1%) had clinical T3 tumors in the APR
group. The ISR group included 27 patients who underwent
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ISR plus PESR for T3 or T4 tumors. There were no
significant differences in the tumor characteristics between
these two groups. The median follow-up period was
58 months (range = 5-160 months) in the APR group and
40 months (range = 6-89 months) in the ISR group. No
patient was lost to follow-up.

Local recurrences

During follow-up, 48 of 202 patients developed recurrence:
24 patients in the ISR group and 24 patients in the APR
group (Table 2). A total of 29 local recurrences, including
regional lymph node metastasis, were observed: 14 patients
(10.6%) in the ISR group and 11 patients (15.7%) in
the APR group. Four patients (3.0%) developed margin
recurrence in the ISR group and 8 patients (11.4%)
developed margin recurrence in the APR group. There was
a significant difference in margin recurrence rate between
the two groups (p = 0.017). The S-year local relapse-free
survival (LFS) rates were not significantly different as
shown in Fig. 1 (p = 0.364).

In the 14 patients with local recurrence in the ISR group,
12 (85.7%) had recurrence that was pathologic T3 and 2
had recurrence that was pathologic T2. With respect to the
local recurrence site, lateral nodal recurrence occurred in
eight patients and surgical marginal recurrence occurred in
only four patients. Ten of these 14 patients also had distant
metastases.

Survival

The disease-free S-year survival rate (DFS) was 69.1% in
the ISR group and 63.3% in the APR group. The 5-year
overall survival rate (OS) was 80.0% in the ISR group,
regardless of tumor stage, and 61.5% in the APR group,
as shown in Figs. 2 and 3. Although a significant differ-
ence in OS was observed (p = 0.033), there was no sig-
nificant difference in DFS between the two groups.
= 0.714).

Discussion

The general consensus is that most rectal cancers less than
S cm from the anal verge or less than 2 cm from the
dentate line are to be treated using APR. In recent years,
progress in rectal cancer surgery, including conventional
coloanal anastomosis (CAA), has led to the preservation of
anal sphincter function. Use of CAA for treating benign
disease without eversion of the rectal stump was first
described by Parks in 1972 [27]; he also performed the first
ISR with CAA for rectal cancer in 1982 [26]. In 1981,
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Table 1 Patients’ characteristics before treatment
Curative ISR £ PESR (n = 132)* Curative APR (n = 70) p value
Age, median (range) (years) 57 (27-80) 59 (34-82) 0.662
Male/female 97/35 45/25 0.187
Tumor
Distance from anal verge, median (range) (cm) 3.5 (1.5-5.0) 3.0 (1.0-5.0) 0.465
Clinical T stage”
Depth of invasion
T1 4 3 0.798
T2 28 11
T3 92 (69.7%) 47 (67.1%)
T4 8 9
Node involvement
N-— 76 (57.6%) 37 (52.9%) 0.521
N+ 56 (42.4%) 33 (47.1%)
Morbidity rate 30.3% (40/132) 28.6% (20/70) 0.307
Mortality rate 0% 0% 1.000
Follow-up, median (months) 40 57
? Forty-eight patients received preoperative chemoradiotherapy (CRT: 45 Gy 5-Fu)
® Determined by CT or MRI or endorectal ultrasound
Table 2 Patterns of recurrence
Recurrence® ISR + PESR (1 = 132)® APR (n = 70)° p value
No. of patients 24 24 0.011
Local recurrence 14 (10.6) 11 (15.7) 0.295
Margin 4 (3.0) 8 (11.4) 0.017
Regional lymph node 10 (7.6) 4 (5.7) 0.621
Lung 18 (13.6) 6 (8.6) 0.291
Liver 8 (6.1) 8 (11.4) 0.180
Inguinal lymph node 5 (3.8) 34.3) 0.863
Ovary 1 0 0.466

?* Including duplicate organs

® Follow-up term (median): ISR = PESR = 40 months, APR = 57 months

Shafik et al, [28] reported the anatomy and physiology of
defecation in this new concept for lower rectal tumors.
Since the beginning of the 1990s, the indication for ISR
has been progressively evaluated and rigorously applied. A
distal margin of 1-2 cm is now considered sufficient in
most instances. However, APR has remained the standard
surgical procedure for lower rectal cancers. The risk of
local recurrence is due more to circumferential margin
involvement than to distal margin involvement because the
mesorectal fat surrounding the tumor is thinner in the
lowest part of the rectum [20]. For this reason, the ISR plus
PESR procedure is sometimes needed. Unless the external
anal sphincter is involved, a safe circumferential margin
can be achieved using our ISR procedure. The present
study was designed to retrospectively compare the onco-
logic results of ISR with or without PESR to those of APR.
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From an oncological point of view, local control is the
most important objective in surgery for lower rectal cancer.
The local recurrence rate for lower-third rectal cancer has
been reported to range between 9 and 35% [12, 19, 29, 30].
In the Schiessel series of ISR [17], a 5.3% local recurrence
rate was reported in 113 patients who underwent ISR,
including 31% of patients with T3 tumors and 37% of those
with stage III lesions who had no radiotherapy. Rullier
et al. [7] reported that 1 (2%) of 58 patients with mostly T3
tumors developed local recurrence during a median follow-
up of 40 months. Hohenberger et al. [19] reported a 25.1%
local recurrence rate following ISR and 14.2% of ISR
patients treated with radiochemotherapy developed local
recurrence. According to the long-term results from a
median follow-up of 56.2 months by Chamlou et al. [21],
an 8.8% local recurrence rate was reported in 90 patients
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who underwent ISR, including 41% of patients who had
preoperative radiotherapy. Portier et al. [20] reported that
the 5-year pelvic recurrence rate, regardless of tumor stage,
was 10.6% in 173 patients who underwent ISR with a mean
follow-up of 66.8 months.

In the present study with a median follow-up of
40 months, the overall local recurrence rate, including
regional lymph node metastasis, was 10.6%, which was
higher than the 6.7% rate that we reported in our previous
series [18]. About 70% of the patients in the present series
had a T3 tumor, and the rate of T1-T2 tumors was only 24%.
The percentage of tumors limited to the rectal wall (T1-T2)
ranges between 50 and 68% in most reported ISR series,
with the exception of the series of Rullier et al. [7]. In the
present study, the decrease in local control was caused
mainly by the high rate of T3 tumors; in fact, 85.7% (12 of
14) of the patients with local recurrence had a pathologic T3
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tumor. With respect to the local recurrence site, margin
recurrence rate was lower in the ISR group than in the APR
group. This might have been caused by short-term follow-
up in the ISR group, preoperative chemoradiotherapy in ISR
group (48 patients), and incomplete total mesorectal exci-
sion in patients who underwent APR between 1995 and
1996. Akasu et al. [31] also reported that both invasion
through the muscularis propria (T3) and a positive micro-
scopic resection margin were significantly associated with
local recurrence after ISR.

Paty et al. [32] analyzed the data of 134 patients with
rectal cancer located 2-11 cm (median = 6.5 cm) from the
anal verge who underwent not only ISR but also low
anterior resection or CAA; they found that mesenteric
implants, a positive microscopic resection margin, T3
tumor, perineural invasion, blood vessel invasion, and
poorly differentiated histology were significantly associ-
ated with pelvic recurrence on univariate analysis. On the
other hand, the local recurrence rate at a mean follow-up of
40 months was 2% in the Rullier series of 92 patients with
mostly T3 tumors (72 patients) [7]. Eighty-one (88%) of
their patients received preoperative radiotherapy (median
dose = 44 Gy to the pelvis and 54 Gy to the tumor bed).
Bonadeo et al. [33] observed a higher recurrence rate for
very low T3 rectal tumors in the absence of radiotherapy.
The results of the Hohenberger study [19] suggested that
preoperative radiochemotherapy might increase local con-
trol. Therefore, preoperative radiochemotherapy or radio-
therapy may be necessary for patients with T3 tumors to
increase local control with ISR.

While locoregional recurrence rates following APR
were as high as 21% in the reports by Enker et al. [30] and
Hohenberger et al. [19], the overall 5-year local recurrence
rate in our own patient population was 15.7% after APR.
The local recurrence rate was similar in the ISR group and
the control APR group, although there was no difference in
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the distribution of clinical and pathologic T stage between
these two groups. On the basis of these data, ISR does not
increase local recurrence in patients with very low rectal
cancer, especially in patients with T1 and T2 tumors.

In the present series involving mostly T3 tumors, the
5-year disease-free survival rate was 69.1% in the ISR
group and 63.3% in the APR group. The 5-year overall rate
was 80% in the ISR group and 64% in the APR group. We
previously reported a local recurrence rate of 10% and a
5-year disease-free survival rate of 65.1% after APR. There
were no differences in survival between the two groups.
Although no randomized study has compared these two
surgical procedures, Gamagami et al. [34] compared the
local recurrence rate and the survival rate in patients with
distal-third rectal cancer treated by either CAA or APR ina
prospective study. According to their report, the local
recurrence rate was 7.9% after sphincter-saving resection
and 12.9% after APR, and the 5-year actuarial survival rate
was 78% after sphincter-saving resection and 74% after
APR. These results suggest that the oncological benefits of
ISR are the same as those of APR in patients with lower
rectal cancer. It can be concluded that when ISR is feasible,
the oncologic prognosis is not compromised.

There are some fears about the long-term functional
outcomes after ISR when ISR is technically feasible and
oncologically safe, because loss of the rectum and internal
anal sphincter may induce anal dysfunction such as changes
in stool frequency, urgency, fragmentation, soiling, and fecal
incontinence. However, most patients who underwent ISR
had acceptable anal function according to the Schissel series
[17], our previous report [18], the other series of Yamada
et al. [35], and other studies [13, 14, 16], although there are
few reports on long-term anal function outcomes after ISR.

In conclusion, acceptable oncologic results were
obtained with ISR in patients with very low rectal cancer
located within 5 ¢cm of the anal verge. The use of ISR can
reduce the number of APRs. Compared with APR, local
recurrence and survival are not compromised with ISR.
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