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Abstract

Background This study evaluates the clinical characteristics of rectal cancer involving the anal canal.

Methods A total of 346 consecutive patients with primary low rectal cancer located below the peritoneal reflection were
reviewed in this study. Patients were divided into two groups according to whether the lower edge of the tumor came in
contact with the anal canal (P group, n=78) or not (Rb group, n=268). Clinical and pathological parameters, recurrence
rates, and survival rates were compared between the two groups.

Results The occurrence of uncommon histological types of tumor was significantly higher in the P group than in the Rb
group. P group patients also had a significantly higher lateral pelvic node metastasis rate (p<0.001), lower 5-year overall
survival rate (p=0.0491), and higher 5-year local recurrence rate (p=0.0171) than Rb group patients. Multivariate analysis
revealed that tumor location was a significant risk factor for local recurrence. In the P group, multivariate analysis showed
that uncommon histological tumor types were a significant prognostic factor.

Conclusion Rectal cancer involving the anal canal should be treated with special care, considering the particularly high

lateral pelvic lymph node metastasis rate and high local recurrence rate.

Keywords Rectal cancer- Local recurrence - Lateral pelvic
node - Anal canal

Introduction

The high incidence of local recurrence after curative
operation leading to poor prognosis is the biggest problem
when treating rectal cancer. Many studies have been
conducted to reveal the risk factors of local recurrence in
rectal cancer, such as positive circumferential resection
margin, nodal positivity, and advanced T stage.'™

Total mesorectal excision has played a major role in
reducing the rates of local recurrence and improving
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survival in rectal cancer.*” One reason for this is the
higher frequency of complete resection of the tumor
together with its lymphatic and venous drainage that is
achieved by complete removal of the mesorectum.’ This
procedure also increased the rate of sphincter-preserving
surgery for low rectal cancer’; moreover, the recently
developed surgical technique of intersphincteric resection
has been proposed to offer sphincter preservation in
patients with very low rectal carcinomas such as those
involving the rectal canal.’

However, there still remains the question whether very
low rectal cancer which involves the anal canal has the
same clinical and pathological characteristics as cancer
situated higher in the rectum. Whereas several studies have
revealed that the distance from the anal verge was one of
the risk factors for local recurrence, none of these reports
addressed the clinical differences between very low rectal
cancer involving the rectal canal and low rectal cancer
which does not. In this study, we discuss the clinical
characteristics of rectal cancer involving the anal canal in
comparison to those with other types of low rectal cancer,
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Table 1 Clinical characteristics
Characteristic P group (n=78) Rb group (n=268) p value
Gender Male 52 185

Female 26 83 N.S.
Age (range) 63 (39-85) 61 (28-87) N.S.
CEA (ng/ml) 7.1 9 N.S.
Tumor size (mm) 49 44 N.S.
Tumor differentiation Well/Mod 62 257

Others 16 11 <0.001
Lateral pelvic node metastasis Negative 60 249

Positive 18 19 0.015
TNM T T1 6 59

T2 18 77

T3 44 123

T4 10 9 N.S.
TNM N NO 45 156

N1 18 81

N2 15 31 N.S.
TNM stage Stage I 20 100

Stage I1A 23 52

Stage IIB 4

Stage IIIA 3 23

Stage IIB 15 58

Stage IIC 15 31 N.S.
Surgical procedure Sphincter-preserving surgery 5 173

Others 73 95 <0.001

N.S. not significant

our goal being to define the optimum treatment strategy for
this particular kind of rectal cancer.

Materials and Methods

Patients

A total of 346 consecutive patients with primary low rectal

cancer located below the peritoneal reflection and who
underwent curative resection at the Yokohama City Uni-

versity Hospital, Japan, between 1993 and 2003 were
reviewed in this study. Tumor location was determined
before surgery by digital rectal examination, endoscopy,
barium enema, computed axial tomography (CAT scan),
and magnetic resonance imaging. All rectal cancers were
adenocarcinomas. Those carcinomas originating from squa-
mous or transitional epithelium were excluded from study.
The patients were seen at the outpatient clinic at 3-month
intervals for 5 years and at 12-month intervals thereafter.
Tumor markers were examined at every patient visit. CAT
scan of the liver and lung or abdominal ultrasonography

Table 2 Recurrence pattern

P group (n=78) Rb group (n=268) p value
Liver 5 15 . N.S.
Lung 6 16 N.S.
Local 9 11 <0.001
Inguinal lymph node 7 1 <0.001
miscellaneous 2 4 N.S.
@ Springer
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Fig. 1 Five-year local recurrence rate was 5.9% in the Rb group and
11.9% in the P group (p=0.0171)

with chest X-rays was performed at least every 6 months.
Colonoscopy was performed every 12 months. Recurrences
were clinically determined by colonoscopy or radiological
images. Pathological stage III patients were given adjuvant
chemotherapy with oral fluorinated pyrimidine.

Surgical Treatment

Total mesorectal excision (TME) was performed in all
cases. In patients with T4 tumors, we performed a
combined resection of those tissues and/or organs invaded
by the cancer. At our institution, the diagnosis of stage II or
III cancer is an indication of the need for lateral pelvic node
dissection, which was performed on 231 patients in this
study. In lateral pelvic node dissection, the fatty and
connective tissues outside the pelvic plexus, around the
internal iliac and common iliac vessels, and in the obturator
cavity were removed, resulting in the iliac vessels becom-
ing completely exposed, with or without pelvic autonomic
nerve preservation. The surgical margin including radial
margin was negative in all cases, as confirmed by
histological examination. No patients underwent pre- and/
or post-radiation therapy.

Clinical and Pathological Analysis

Patients were divided into two groups according to whether
the lower edge of the tumor reached the anal canal (P
group, n=78) or not (Rb group, n=268). To determine the
location of the lower edge of the tumor, anoscopy and
digital examination were performed in all cases, and when
the distance between the lower edge of the tumor and the
anal verge was within 3 cm, we defined that the tumor
involved the anal canal. In this study, 73 out of 78 in the P
group underwent abdominoperineal resection or total pelvic
exenteration. In all those cases, it was histologically

@ Springer

confirmed that the lower edge of the tumor exceed the
anorectal ring.

Standard oncological analysis was performed on all the
patients and specimens in accordance with the TNM
classification. Clinical and pathological parameters, recur-
rence rates, and survival rates were then compared between
the two groups of patients.

Statistical Analysis

Local recurrence rates and survival rates were calculated by

- the Kaplan—Meier method and differences were compared

statistically by the log-rank test. Cox’s proportional hazards
model was used for multivariate analysis. Data differences
between groups were considered statistically significant at
p<0.05. *

Results

Clinical characteristics of the two groups are shown in
Table 1. There were no differences in gender, age, serum
CEA level, TNM T, TNM N, or TNM stage between the
two groups. Average tumor size was 5 cm larger in the P
group than in the Rb group; however, there was no
significant difference. In the P group, there were three
poorly differentiated adenocarcinomas, nine mucinous
carcinoma, two endocrine cell carcinomas, and one ana-
plastic carcinoma, whereas in the Rb group, there were one
poorly differentiated adenocarcinoma and ten mucinous
carcinomas. The incidence of mucinous carcinoma and
poorly differentiated carcinoma were 11.5% and 3.8% in
the P group and 3.7% and 0.4% in the Rb group,
respectively. The rate of occurrence of unusual histological
tumor types was significantly higher in the P group than the
Rb group (p<0.001). P group patients also suffered
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Fig. 2 Overall 5-year survival rate was 80% in the Rb group and
72.2% in the P group (p=0.0491)
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Table 3 Uni- and multivariate analysis of local recurrence risk factors
Univariate p value Multivariate p value Odds ratio 95% CI

Age (>60 vs. <60) N.S.
Sex (male vs. female) N.S.
CEA (>5.0 vs. <5.0) N.S.
Histology (well/mod vs. others) N.S.
Tumor size (>45 mm vs. <45 mm) N.S.
Lateral pelvic node metastasis

(Negative vs. Positive) 0.033 N.S.

TNM T (T1/T2 vs. T3/T4) N.S.

TNM N (NO vs. N1/N2) 0.027 N.S.

Group (Rb vs. P) 0.017 0.028 2.793 1.156-6.757

CI confidence interval

significantly more lateral pelvic node metastasis than Rb
group patients (23.0% vs. 7.1%, p<0.001).

The recurrence pattern of the two groups is shown in
Table 2. The rate of liver and lung metastases did not differ
significantly between the two groups; however, local
recurrence was significantly higher in P group compared
with Rb group patients. Moreover, most inguinal lymph
node metastases were observed in P group patients, with the
exception of one Rb group case.

The 5-year local recurrence rate was significantly higher
in P group compared with Rb group patients (11.9% vs.
5.9%, p=0.0171; Fig. 1), while the 5-year overall survival
rate was significantly higher in Rb group compared with P
group patients (80% vs. 72.2%, p=0.0491; Fig. 2).

Uni- and multivariate analyses of the risk factor for local
recurrence were conducted to examine clinical factors. The
presence of lateral pelvic node metastasis, TNM N, and
tumor location were shown to be statistically significant
risk factors for local recurrence by univariate analysis,
while multivariate analysis found tumor location to be the
only significant risk factor for local recurrence (Table 3).

The risk factor for local recurrence and prognostic
factor in the P group were examined. No significant risk
factor for local recurrence was detected in this study,
while the histological types of the tumor (well/mod vs.
others, p=0.237, odds ratio=2.330) seemed to most affect
the outcome. ‘

Of these factors, univariate analysis found that histology,
lateral pelvic node metastasis, and TNM N were significant

prognostic factors in the P group, while multivariate
analysis revealed histology to be significant (Table 4).

Discussion

This study found several characteristics typical of rectal
cancer involving the anal canal compared to other low
rectal cancer. First, a significantly higher occurrence of
different kinds of histological tumor types occurred; in
particular, mucinous carcinomas and poorly differentiated
adenocarcinomas were observed in 15.4% of P group
patients compared with 4.1% of Rb group patients (p<
0.001 for all unusual tumor types). This supports the
hypothesis that mucinous carcinomas arising in the ano-
rectal region are associated with anal glands or fistula in
anus.” Moreover, poorly differentiated adenocarcinoma has
a potentially high invasive tendency that leads to involve-
ment of the anal canal.

Second, the rate of lateral pelvic lymph node metastasis
was higher in rectal cancers involving the anal canal, which
agrees with the finding of Ueno et al.'® that the lower the
tumor location, the higher the risk of lateral nodal
involvement. The rate of lateral nodal metastasis in T3/T4
low rectal tumors below 8 cm was 17%, but this varied
according to location from the anal verge: 42% at 0-2.0 cm
and 10.5% at 6.1-8.0 cm. Division of the rectum into two
zones was proposed in 1895 by Gerota and supported in
1904 by Poirier and colleagues.'''? They described lateral

Table 4 Multivariate analysis
of prognostic factor of the P

group

p value Exp(B) CI
Histology (well/mod vs. others) 0.014 3.09 1.264-8.048
Lateral pelvic node metastasis (negative vs. positive) 0.218 1.916 0.680-5.396
TNM N (NO vs. N1/N2) 0.671 1.282 0.407-4.049
@_ Springer
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lymphatic channels consisting of three pedicles: anterior,
running along the prostate and bladder to end at nodes near the
external and internal iliac vessels; lateral, along the middle
rectal vessels; and posterior, along the middle and lateral
sacral vessels. The result of this study suggested the
possibility that the main lymphatic drainage channel to the
lateral region may be located more closely to the sphincter
muscle or that the existence of the channel along the inferior
rectal artery pass through Alcock’s canal to the lateral region.

In the present study, the local recurrence rate was
significantly higher in P group patients, while multivariate
analysis showed that anal involvement was the factor that

most affected the likelihood of local recurrence. In this

series, the surgical margin was negative in all cases, which
was confirmed by histological examination."®> Moreover,
TNM N and presence of lateral pelvic lymph node
metastasis were not significant factors by multivariate
analysis, though these were significant by univariate
analysis. Several studies showed that clinical N stage,
gender, CRM, and distance from anal verge were indepen-
dent risk factors for local recurrence.*!® Our study
suggests that lateral pelvic node metastasis is another
reason for the observed high frequency of local recurrence.
In this way, our observations indirectly support the findings
of other investigators; for example, Sugihara et al.'é
reported that positive lateral lymph node was the strongest
predictor in both patient survival and local recurrence.
Although radiation therapy is regarded as an essential
option for advanced low rectal cancer in the western
world,"”'® we do not perform pre- and/or post-radiation
therapy, whereas lateral pelvic node dissection is performed
in stage II and stage III cancers, as is the common practice
in many Japanese institutions.”®?° As discussed above,
lateral pelvic node metastasis is a risk factor for local
recurrence, so lateral pelvic node dissection would be
. expected to reduce this risk. We are currently undertaking a
clinical trial to compare TME with TME and lateral pelvic
lymph node dissection (JCOGO0212; ClinicalTrials.gov
Identifier: NCT00190541).

In this study, however, we observed a 5-year cumulative
local recurrence rate of 11.9% in patients with rectal cancer
involving the anal canal. Though there are no previous
reports which specifically mention the local recurrence rate
of anal canal involving rectal cancer, our results cannot be
expected to be better in comparison to other investigations
of TME plus radiation therapy. For instance, Rullier et al.?!
found that after a median follow-up time of 40 months, the
rate of local recurrence was 2%. This previous study
concluded that preoperative radiochemotherapy allowed
sphincter-saving resections to be performed, resulting in
good local control and functional results in patients with T3
low rectal cancers that would have otherwise required
abdominoperineal resections. This suggests that when it
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comes to cases of anal canal-involving rectal cancer,
treatment with TME plus lateral pelvic node dissection is
insufficient, so we should consider performing preoperative
chemoradiation therapy.

In this series, we could not find the significant risk factor
of local recurrence in the P group mainly because of the
relatively small sample size. However, according to the
clinical characteristics of the P group, uncommon histolog-
ical types of tumor and high frequency of lateral pelvic
node metastasis may be the relevant risk factors for local
recurrence.

Finally, we used multivariate analysis to find indepen-
dent prognostic factors, which were revealed as uncommon
histological tumor types. The rate of uncommon histolog-
ical tumor type was about 21%. These histological types are
associated with less response to chemoradiation and poorer
prognosis.”* Therefore, the development of a new preoper-
ative chemoradiation regimen which is effective for poorly
differentiated adenocarcinoma is necessary. We believe that
this will improve the prognosis of an otherwise difficult
care of anal canal-involving rectal cancer.

Conclusion

Rectal cancer involving the anal canal should be treated
with special care, considering the particularly high lateral
pelvic lymph node metastasis rate and high local recurrence
rate. Development of an effective chemoradiation regimen
for uncommon histological tumor types is necessary for a
better prognosis.

References

1. Moran MR, James EC, Rothemberger DA, Goldberg SM.
Prognostic value of positive lymph nodes in rectal cancer. Dis
Colon Rectum 1992;35: 579-581.

2. Quirke P, Durdey P, Dixon MF, Williams NS. Local recurrence of
rectal adenocarcinoma due to inadequate surgical resection.
Histopathological study of lateral tumour spread and surgical
excision. Lancet 1986;2: 996-999.

3. Nagtegaal ID, Quirke P. What is the role for the circumferential
margin in the modemn treatment of rectal cancer? J Clin Oncol
2008;26: 303-312.

4. Enker WE, Thaler HT, Cranor ML, Polyak T. Total mesorectal
excision in the operative treatment of carcinoma of the rectum. J
Am Coll Surg 1995;181: 335-346.

5. Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK. Rectal
cancer: the Basingstoke experience of total mesorectal excision,
1978-1997. Arch Surg 1998;133: 894-899.

6. Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal
cancer surgery-the clue to pelvic recurrence? Br J Surg 1982;69:
613-616.

7. Nagtegaal ID, van de Velde CJ, Marijnen CA, van Krieken JH,
Quirke P. Low rectal cancer: a call for a change of approach in
abdominoperineal resection. J Clin Oncol 2005;23: 9257-9264.



J Gastrointest Surg (2011) 15:460-465

465

8. Schiessel R, Karner-Hanusch J, Herbst F, Teleky B, Wunderlich
M. Intersphincteric resection for low rectal tumours. Br J Surg
1994;81: 1376-1378.

9. Schaffzin DM, Stahl TJ, Smith LE. Perianal mucinous adenocar-
cinoma: unusual case presentations and review of the literature.
Am Surg 2003;69: 166-169.

10. Ueno M, Oya M, Azekura K, Yamaguchi T, Muto T. Incidence and
prognostic significance of lateral lymph node metastasis in patients
with advanced low rectal cancer. Br J Surg 2005;92: 756-763.

11. Gerota D. Die Lymphgefasse des Rectums und des Anus. Arch
Anat Physiol 1895;240.

12. Delamere G, Poirier P, Cuneo B. The Lymphatics General
Anatomy of the Lymphatics. Chicago: W.T. Keener, 1904.

13. Wang C, Zhou ZG, Yu YY, Shu Y, Li Y, Yang L, Li L. Occurrence and
prognostic value of circumferential resection margin involvement for
patients with rectal cancer. Int J Colorectal Dis 2009;24: 385-390.

14. Fujita S, Yamamoto S, Akasu T, Moriya Y. Outcome of patients
with clinical stage IT or I rectal cancer treated without adjuvant
radiotherapy. Int J Colorectal Dis 2008;23: 1073-1079.

15. den Dulk M, Marijnen CA, Putter H, Rutten HJ, Beets GL,
Wiggers T, Nagtegaal ID, van de Velde CJ. Risk factors for
adverse outcome in patients with rectal cancer treated with an
abdominoperineal resection in the total mesorectal excision trial.
Ann Surg 2007;246: 83-90.

16. Sugihara K, Kobayashi H, Kato T, Mori T, Mochizuki H,
Kameoka S, Shirouzu K, Muto T. Indication and benefit of pelvic

159

17.

18.

19.

20.

21.

22.

sidewall dissection for rectal cancer. Dis Colon Rectum 2006;49:
1663-1672.

Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH,
Wiggers T, Rutten HJ, Pahlman L, Glimelius B, van Krieken JH,
Leer JW, van de Velde CJ. Preoperative radiotherapy combined
with total mesorectal excision for resectable rectal cancer. N Engl
J Med 2001;345: 638-646.

Holm T, Johansson H, Rutqvist LE, Cedermark B. Tumour
location and the effects of preoperative radiotherapy in the
treatment of rectal cancer. Br J Surg 2001;88: 839-843.

Mori T, Takahashi K, Yasuno M. Radical resection with
autonomic nerve preservation and lymph node dissection techni-
ques in lower rectal cancer surgery and its results: the impact of
lateral lymph node dissection. Langenbecks Arch Surg 1998;383:
409-415.

Ueno H, Mochizuki H, Hashiguchi Y, Ishiguro M, Miyoshi M,
Kajiwara Y, Sato T, Shimazaki H, Hase K. Potential prognostic
benefit of lateral pelvic node dissection for rectal cancer located
below the peritoneal reflection. Ann Surg 2007;245: 80-87.
Rullier E, Laurent C, Bretagnol F, Rullier A, Vendrely V, Zerbib F.
Sphincter-saving resection for all rectal carcinomas: the end of the
2-cm distal rule. Ann Surg 2005;241: 465-469.

Weiser MR, Quah HM, Shia J, Guillem JG, Paty PB, Temple LK,
Goodman KA, Minsky BD, Wong WD. Sphincter preservation in
low rectal cancer is facilitated by preoperative chemoradiation and
intersphincteric dissection. Ann Surg 2009;249: 236-242.

@__ Springer



Originél Paper

Digesﬁve

Dig Surg 2011;28:352-359
DOI: 10.1159/000332825

Received: December 6, 2010
Accepted after revision: September 5, 2011
Published online: October 28, 2011

Analysis of Lymph Node Metastatic Pattern
according to the Depth of In-Growth in the
Muscularis Propria in T2 Rectal Cancer for Lateral

Lymph Node Dissection

Koji Komori® Yukihide Kanemitsu? Seiji Ishiguro® Yasuhiro Shimizu?®

Tsuyoshi Sano® Tomoyuki KatoP

aDepartment of Gastroenterological Surgery, Aichi Cancer Center Hospital, and PDepartment of Surgery,

Kamiida Daiichi General Hospital, Nagoya, Japan

Key Words
Rectal cancer - Muscularis propria - Lateral pelvic lymph
node - Growth pattern

Abstract

Background/Aims: The biological behavior of rectal cancers
that invade the muscularis propria (pT2) has not been well
studied. We retrospectively studied the pattern of lymph
node metastases in patients with T2 rectal cancer. Methods:
We enrolled 88 patients who had undergone curative resec-
tion of T2 colorectal cancer through mesorectal excision and
lateral pelvic lymph node dissection; we microscopically es-
timated the maximum depth of muscularis propria invasion
and classified the results into 3 groups representing distinct
growth patterns. Results: In cases of pT2 colorectal carcino-
mas, lateral pelvic lymph node metastases depended on the
degree of muscularis propria invasion, and the frequency of
metastasis increased with the depth of muscularis propria
invasion, Lateral pelvic lymph node metastases were not ob-
served when the depth of muscularis propria invasion was
less than half of the thickness of the inner circular layer. Con-
clusions: These findings suggest that lateral pelvic lymph
node metastasis of pT2 colorectal cancer depends on the
depth of vertical invasion, which is analogous to the findings
in pT1 and pT3 cancers. This information will be useful in se-

lect cases in which resection of the lateral pelvic lymph node
is required for the treatment of rectal cancer invading the
muscularis propria (p72). Copyright © 2011 S. Karger AG, Basel

Introduction

InJapan, lateral lymph node dissection is generally in-
dicated if the lower margin of the primary cancer is lo-
cated below the peritoneal reflection or anal canal with
invasion into the muscularis propria or deeper [1-4].

However, in rectal cancer cases showing invasion into
the muscularis propria (pT2), the incidence of perirectal
lymph node metastases ranges from 24.3 to 29.7%, and
the incidence of lateral pelvic lymph node metastases
ranges from 5.5 to 8.2% in patients who undergo lateral
pelvic lymph node dissection of rectal cancer [5, 6].

The depth of rectal cancer invasion into the muscula-
ris propria varies widely, i.e. from minimal vertical inva-
sion near the submucosal layer (pT1) to very deep vertical
invasion near the subserous layer (pT'3).

The biological behavior of submucosal cancer (pT'1) in
the colorectum has been well studied. Under conditions
of lymphatic invasion, vascular invasion, poorly differen-
tiated adenocarcinoma and budding, the depth of vertical

A © 2011 S. Karger AG, Basel
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invasion is =1,000 pm, and perirectal lymph node me-
tastases are present in about 10% of these cases [7].

In cases of subserous layer cancer (pT3), the prognosis

isinfluenced by the depth of rectal cancer invasion. Thus,
the prognosis worsens as the depth of invasion increases
[8,9].

However, the biological behavior of cancers invading
the muscularis propria (pT2) has not been well studied.

In this study, we retrospectively estimated the inci-
dence of lateral pelvic lymph node metastases in rectal
cancers invading the muscularis propria (pT?2).

Patients and Methods

Between January 1980 and December 2001, 920 patients with
rectal cancer underwent curative resection with mesorectal exci-
sion and lateral pelvic lymph node dissection at the Department of
Gastroenterological Surgery, Aichi Cancer Center Hospital (Na-
goya, Japan). Among these, 88 patients who had undergone cura-
tive resection of T2 colorectal cancer were enrolled in this study.

Laterallymph node dissection was indicated if the lower margin
of the primary cancer was located below the peritoneal reflection
or anal canal with invasion into the muscularis propria or deeper.

The average patient was 55 years of age (range: 24-76), and the
study group included 49 men and 39 women.

Anterior resections were performed on 36 patients (40.9%),
Hartmann’s procedure was performed on 1 patient (1.1%) and ab-
dominoperineal resections were performed on 51 patients (38.0%).
In total, 61 patients (69.3%) were negative and 27 patients (30.7%)
were positive for lymph node metastasis; furthermore, 19 patients
(21.6%) were positive for mesorectal lymph node metastasis only,
3 patients (3.4%) were positive for lateral pelvic lymph node me-
tastasis and 5 patients (5.7%) were positive for both mesorectal
and lateral pelvis lymph node metastasis (table 1).

Lateral pelvic lymph node dissection refers to the complete
dissection of the lymph nodes up to the aortic bifurcation, the
common iliac lymph nodes, the internal iliac lymph nodes, the
external iliac lymph nodes, the middle rectal root lymph nodes
and the obturator lymph nodes.

The upper margin of the mesenteric lymph node dissection is
the root of the inferior mesenteric artery. The distance from the
anal margin should be =2 cm when total mesorectal excision is
performed.

The resected specimens were fixed with 10% formalin for sev-
eral days, and the tumor-containing tissue samples were sliced
into 4-mm sections at the part with the deepest tumor invasion.
Histopathological diagnoses were established by hematoxylin
and eosin staining using standard procedures without specific
immunostaining.

Using a microscope, the maximum depth of muscularis pro-
pria invasion was estimated, and the results were used to classify
the cases into 3 groups representing different growth patterns, as
explained below (fig. 1).

“Type mp slight’ indicates that the maximum depth of the
muscularis propria invasion is within half of the thickness of the
inner circular layer (fig. 2a). “Type mp moderate’ indicates that the
maximum depth of the muscularis propria invasion is more than

Lateral Pelvic Lymph Node in Rectal
Cancer
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Table 1. Clinicopathological findings of 88 T2 rectal cancers

Age 553%10.5
Range 24-76
Gender
Male 49 (55.7)
Female 39 (44.3)
Macroscopic tumor configuration
Protruded type 11 (12.5)
Ulcerative type 77 (87.5)
Tumor size, cm 40+15
Histological type
Well-differentiated and moderately
differentiated types 82(93.2)
Other types (poorly differentiated,
mucinous and Signet-ring cells) 6 (6.8)
Lymphatic invasion
Negative 37 (42.0)
Positive 51 (58.0)
Vascular invasion
Negative 50 (56.8)
Positive 38 (43.2)
Operative procedure
Anterior resection 36 (40.9)
Hartmann 1(1.1)
Abdominoperineal resection 51 (58.0)
Lymph node metastasis
Negative 61 (69.3)
Positive 27 (30.7)
Only mesorectum lymph node positive 19 (21.6)
Only lateral pelvic lymph node positive 3(34)
Both mesorectum and lateral pelvic
lymph node positive 5(5.7)

Values are means * SD or n (%), unless otherwise indicated.

half of the thickness of the inner circular layer, with no invasion
into the outer longitudinal layer (fig. 2b). ‘“Type mp massive’ indi-
cates that the maximum depth of the muscularis propria invasion
is in the outer longitudinal layer (fig. 2¢).

From hospital records, we obtained information on a number
of variables, including patient age and sex, the operative proce-
dure, macroscopic tumor configuration, and tumor size within
the colorectum. On the basis of the data for macroscopic tumor
configuration, the tumors were classified as protruded type or
ulcerative type. All cases were evaluated by endoscopic ultra-
sound (EUS), not MRI.

Histological type, lymphatic invasion, venous invasion and
the presence or absence of lymph node metastases were investi-
gated using hematoxylin and eosin-stained specimens.

Statistical Analysis

All data are expressed as means + SD. The x* test, Fisher’s exact
probability test and the Mann-Whitney U test were used as appro-
priate. The multivariate Cox proportional hazards model analysis
was then performed. log-rank tests were used to compare survival
according to each prognostic factor. A level of p <0.05 was regarded
as statistically significant, and CIs were determined at the 95% level.
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Fig. 1. The greatest depth of the vertical
muscularis propria invasion was estimat-
ed, and the invasion was classified into 3
growth patterns. The black dashed line in-
dicates the midportion of the inner circu-
lar layer of the muscularis propria. “Type
mp slight’: the greatest depth of the mus-
cularis propria is within half of the inner
circular layer. “Type mp moderate™ the
greatest depth of the muscularis propria is
beyond half of the inner circular layer, but
not in the outer longitudinal layer. “Type
mp massive” the greatest depth of the mus-
cularis propria is the outer longitudinal
layer.

Fig. 2. a Hematoxylin and eosin staining
for a ‘type mp slight’ case. The black dots
indicate the greatest depth of the tumor
and the black dashed line indicates the
midportion of the inner circular layer of
the muscularis propria. The greatest depth
of the muscularis propria is within half of
the inner circular layer (the original mag-
nification of the upper figureis X2 and the
original magnification of the lower figure
is x40).
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Fig. 2. b Hematoxylin and eosin staining
for a ‘type mp moderate’ case. The black
dots indicate the greatest depth of the tu-
mor. The greatest depth of the muscularis
propria is beyond half of the inner circular
layer but not in the outer longitudinal lay-
er (the original magnification of the upper
figure is X2 and the original magnifica-
tion of the lower figure is x40). ¢ Hema-
toxylin and eosin stain of a ‘type mp mas-
sive’ case. The black dots indicate the
greatest depth of the tumor. The greatest
depth of the muscularis propria is in the
outer longitudinal layer (the original mag-
nification of the upper figureis X2 and the
original magnification of the lower figure
is x40).
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Table 2. Analysis of the correlation between systemic lymph node metastases and clinicopathological findings

Negative

Positive Univariate Multivariate
(n=61) (n=27) p P HR
Macroscopic tumor configuration

Protruded type 7 (11.5) 4(14.8)

Ulcerative type 54 (88.5) 23 (85.2) 0.664 0.538 0.568 (0.094-3.430)
Tumor size, cm 41*1.8 35%1.1 0.089 0.185 0.743 (0.479-1.153)
Histological type

Well-differentiated and moderately

differentiated type 60 (98.4) 22(81.5)
Other types (poorly differentiated, 0.004 0.119 7.331 (0.559-89.694)
mucinous and Signet-ring cells) 1(1.6) 5(18.5)
Lymphatic invasion
Negative 31 (50.8) 6(22.2)
 Positive 30 (49.2) 21 (77.8) 0.013 0.608 1.680 (0.232-12.186)
Vascular invasion
Negative 41 (67.2) 9(33.3) 0.003 0.390 2.536 (0.422-15.247)
Positive 20 (32.8) 18 (66.7)
Growth pattern

Type mp slight 17 (27.9) 3(11.1)

Type mp moderate 29 (47.5) 10 (37.0) 0.010 0.009 3.119 (1.328-7.323)

Type mp massive 15 (24.6) 14 (51.9)

Values are means % SD or n (%), unless otherwise indicated.

Results

The average number of retrieved lymph nodes was
46.3 (range: 10-92), and the average number of metasta-
ses was 0.7 (range: 0-15). The average number of retrieved
lateral pelvic lymph nodes was 27.4 (range: 1-57), and the
average number of metastases was 0.16 (range: 0--5).

Tables 2, 3 and 4 show the results of the univariate and
multivariate analyses of the 88 cases with pT2 colorectal
carcinomas. .

Table 2 shows the results of the analysis of systemic
lymph node metastasis status in the 88 patients. While
the ‘type mp slight’ and ‘type mp moderate’ growth pat-
terns account for more than half of the cases with nega-
tive lymph node metastasis, the ‘type mp massive’, ‘type
mp moderate’ and ‘type mp slight” growth patterns ac-
counted for 51.9, 37.0 and 11.0%, respectively, of the cases
with positive lymph node metastasis. Multivariate analy-
sis revealed that the growth patterns showed a significant
correlation with the presence of lymph node metastasis
(p = 0.009).

Table 3 shows the results of the analysis of the corre-
lation of mesorectal lymph node metastasis with pI2
colorectal carcinoma. Multivariate analysis revealed that
the correlation was not statistically significant.
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Table 4 shows the results of the analysis of the correla-
tion between lateral pelvic lymph node metastasis and pT2
colorectal carcinomas. Growth patterns and lymphatic in-
vasion were determined to be significant factors influenc-
ing this correlation. Of the cases with lateral pelvic lymph
node metastasis, 75.0% were ‘type mp massive’, 25.0% were
‘type mp moderate’ and none were ‘type mp slight.” Con-
versely, of the cases without lateral pelvic lymph node me-
tastasis, 71.2% were ‘type mp slight’ or ‘type mp moderate’,
and 28.8% were ‘type mp massive’. Multivariate analysis
revealed that the growth patterns showed a significant cor-
relation with lymph node metastasis (p = 0.006).

Growth patterns are a statistically significant risk fac-
tor of lateral pelviclymph node metastases. In pT'2 colorec-
tal carcinomas, the ‘type mp slight’ to ‘type mp massive’
classifications describe the depth of muscularis propria
invasion, and the frequency of mesorectal and lateral pel-
vic lymph node metastases increases gradually.

Figure 3 shows the overall survival rate after surgery and
the disease-free survival rate after radical surgery. Although
there were no significant differences in the survival rates
between patients with different growth patterns, the overall
survival rate after surgery and the disease-free survival rate
after radical surgery increased in the following order: ‘type
mp slight’ > ‘type mp moderate’ > ‘type mp massive’.
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Table 3. Analysis of the correlation between mesorectal lymph node metastases and clinicopathological findings

Multivariate

Negative Positive Univariate
(n=64) (n=24) p . HR
Macroscopic tumor configuration

Protruded type 7(10.9) 4(16.7)

Ulcerative %e 57 (89.1) 20 (83.3) 0.472 0.402 0.482 (0.087-2.660)
Tumor size, cm 41*16 36%t12 0.207 - 0316 0.803 (0.523-1.233)
Histological type

Well-differentiated and

moderately differentiated type 62 (96.9) 20 (83.3)
Other types (poorly differentiated, 0.026 0.254 3.450 (0.411-28.959)
mucinous and Signet-ring cells) 2(3.1) 4(16.7)
Lymphatic invasion

Negative 32 (50.0) 5(20.8)

Pofmve 32 (50.0) 19 (79.2) 0.014 0935  1.090 (0.136-8.724)
Vascular invasion

Negative 43 (67.2) 7 (29.2) 0.001 0.126 4.292 (0.663-27.764)

Positive 21 (32.8) 17 (70.8)

Growth pattern

Type mp slight 17 (26.6) 3(12.5)

Type mp moderate 29 (45.3) 10 (41.7) 0.074 0.085 2.007 (0.908-4.434)

Type mp massive 18 (8.1) 11 (45.8)

Values are means & SD or n (%), unless otherwise indicated.

Table 4. Analysis of the correlation between lateral pelvic lymph node metastases and clinicopathological findings

Negative Positive Univariate Multivariate
(n =80) (n=8) p P HR
Macroscopic tumor configuration

Protruded type 10 (12.5) 1(12.5)

Unoaratee ge 70 (879 7878 1.000 0.975  1.058(0.032-35.013)
Tumor size, cm 40+1.5 3312 0.131 0.124 0.485 (0.193-1.218)
Histological type

Well-differentiated and

moderately differentiated type 76 (95.0) 6 (75.0)
Other types (poorly differentiated, 0.033 0.812 1.533 (0.045-51.737)
mucinous and Signet-ring cells) 4 (5.0) 2 (25.0)
Lymphatic invasion

Negative 36 (45.0) 1(12.5)

Positive 44 (55.0) 7 (87.5) 0.077 0.050 36.479 (0.998-1,338.062)
Vascular invasion

Negative 47 (58.8) 3(37.5) 0.250 0.250 0.206 (0.014-3.044)

Positive 33(41.2) 5 (62.5)

Growth Pattern

Type mp slight 20 (25.0) 0(0.0)

Type mp moderate 37 (46.3) 2 (25.0) 0.009 0.006 14.578 (2.194-96.874)

Type mp massive 23 (28.8) 6 (75.0)

Values are means + SD or n (%), unless otherwise indicated.
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Fig. 3. Prognosis. a Overall survival rate after surgery. “Type mp
slight’ vs. ‘type mp moderate’, p = 0.395; ‘type mp slight’ vs. ‘type
mp massive’, p = 0.339; ‘type mp moderate’ vs. ‘type mp massive’,
p = 0.680. b Disease-free survival rate after radical surgery. “Type

Discussion

To the best of our knowledge, this is the first report to
histopathologically classify T stages in pT2 rectal cancer
cases in great detail. Pollheimer et al. [10] previously re-
ported on pT2 rectal cancer cases, but they made only 2
classifications, and the classifications themselves were
not detailed. The main finding of this retrospective study
is that the lateral pelvic lymph node metastasis of pT2
colorectal cancer depends on the depth of vertical inva-
sion, and this is analogous to the findings obtained for
pT1 and pT3 cancers.

Several studies have reported the biological behavior
of pT1 and pT3 colorectal cancers. In pT1 colorectal can-
cer, pericolorectal lymph node metastasis is noted when
the vertical depth of submucosal invasion exceeds 1,000
wm, poorly differentiated adenocarcinoma is the main
histological type and is at the deepest invasive portion,
and tumor budding is present [7]. Merkel et al. [8] report-
ed that the pT3 type was subdivided into the following
groups according to the histological measurements of the
maximal tumor invasion beyond the outer border of the
muscularis propria: pT'3a (up to 5 mm) and pI'3b (more
than 5 mm); the prognosis of the former is better than
that of the latter. They also reported that of pT'3 cancer,
cases with a depth of invasion less than 1 mm had better
5-year survival rates than those with a depth of invasion
greater than 15 mm.

Our study suggests that the deeper the invasion in the
muscularis propria, the higher the frequency of perirectal
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mp slight’ vs. ‘type mp moderate’, p = 0.563; ‘type mp slight’ vs.
‘type mp massive’, p = 0.153; ‘type mp moderate’ vs. ‘type mp mas-
sive’, p = 0.490.

and lateral pelvic lymph node metastases. It also suggests
that the biological behavior of pT2 is analogous to that of
pT1 and pT'3 in that lymph node metastasis is affected by
the depth of vertical invasion. This biological behavior is
especially similar with respect to lateral pelvic lymph
node metastases. In pI'l cases, the vertical depth of the
submucosal invasion was <1,000 pm, and there was no
lymph node metastasis. Similarly, in pT2 cases, the verti-
cal depth of the submucosal invasions was within half of
the thickness of the inner circular layer, and there were
no lateral pelvic lymph node metastases.

In Western countries, total mesorectal excision with
chemoradiotherapy has now become the standard treat-
ment for advanced rectal cancer. In Japan, however, ex-
tended lymphadenectomy with lateral dissection has
been aggressively employed for pT2 or more extended
rectal cancers located at or below the peritoneal reflection
since the late 1970s [1, 3, 11]. There have been no random-
ized and controlled studies on the usefulness of pelvic
sidewall dissections in patients with rectal cancer; there-
fore, a universal understanding of lateral pelvic lymph
node dissection in advanced rectal cancer has not been
well established, and the definitive efficacy of pelvic side-

_ wall dissection remains unclear [3].

In other studies, the rates of positive lateral pelvic nodes
ranged from 10 to 30% [3]. In particular, with regard to T
stage, lateral pelvic lymph node metastases occur in 13~
14.9% of rectal cancerslocalized in the lower rectum below
the peritoneal reflection [2]; these metastases also occur in
5.4% of pT1 cancers, 8.2% of pI'2 cancers, 16.5% of pI'3
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cancers and 37.2% of T4 cancers [5]. In other studies, lat-
eral pelvic lymph node metastases occurred in 5.5% of pT2
cases, 16.7% of pI'3 cases and 23.1% of T4 cases [6]. Accord-
ing toa previous study [5, 6], only a few lateral pelviclymph
node metastases are indicated in pI'2 cases. Therefore, a
large number of unnecessary extended lymphadenecto-
mies with lateral dissections were carried out in the past.
It is essential to establish the selection criteria for an ex-
tended lymphadenectomy with lateral dissection.

Our study established that muscularis propria inva-
sion with maximum depth of less than half of the thick-
ness of the inner circular layer in lateral pelvic lymph
node metastasis is not an indication. However, if the max-
imum depth of the muscularis propria extends to the out-
erlongitudinallayer, the frequency of lateral pelviclymph
node metastasis is high. Additionally, the greater the
depth of the vertical invasion into the muscularis propria,
the higher the frequency of lateral pelvic lymph node me-
tastasis.

Therefore, our retrospective study will shed light on
this question of selection criteria. In the near future, if
the depth of vertical invasion into the muscularis propria
can be accurately measured at the time of preoperative
diagnosis, e.g. by EUS, then it will be possible to select
cases with a high risk of lateral pelvic lymph node me-
tastasis.

More recently, Puli et al. [12] reported that EUS should
be preferably used for the detection of T stage rectal can-
cers because it has high sensitivity and specificity. The
sensitivity of EUS is higher for advanced disease than for
early disease. EUS should be strongly considered for T
staging of rectal cancers [12]. Mezzi et al. [13] concluded
that EUS and MRI are accurate imaging techniques for
staging rectal cancer.

If the preoperative diagnosis can be made on the basis
of techniques such as EUS and MRI, pT2 cases could be
subdivided for T staging, i.e. ‘type mp slight’, ‘type mp
moderate’ and ‘type mp massive’ in rectal cancer, and the
findings of our study would make it possible to confirm
the positive cases of lateral pelvic lymph node metastases.

Conclusions

The results of this study suggest that the biological be-
havior of pT2 is affected by the depth of vertical invasion.
Our findings are useful for the selection of cases in which
it is necessary to resect the lateral pelvic lymph nodes for
the treatment of rectal cancer invading the muscularis
propria (pT2).
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Abstract

Background This study aims to cvaluate the clinical and
anatomical factors, particularly pelvic dimensions that
influcnce the difficulty of performing laparoscopic anterior
resection for rectal cancer.

Methods Wec  studicd 50 consecutive  patients  who
underwent laparoscopic anterior resection with double-
stapling technique (DST) anastomosis for rectal cancer
between January 2006 and February 2010. Staging was
performed by computed tomography. Five pelvic dimen-
sions (antcroposterior and transverse diamcters of pelvic
inlet and outlet, and pelvic depth) were measured using
three-dimensional volume-tendering  images. We  also
cxamined a number of other clinical characteristics,
including gender, history of luparotomy, body mass index
(BMI), opcrator, tumor location, tumor depth, nodal
involvement, and tumor diameter. Univariate and multi-
variate analyses were performed to determine the pre-
dictive significance of these variables on surgical
difficulty basecd on operative timec and intraoperative
blood loss.

Results  Males had significantly shorter pelvic inlets and
outlets and significantly greater pelvic depth than females.
However, gender did not significantly affect surgical out-
comes, although males did tend to expericnce greater blood
loss. Maximum tumor diameter (p = 0.014), BMI
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(p = 0.001), operator (p <0.001), and tumor location
(p = 0.009) were independent predictors of operative time,
which, in turn, was related to intraoperative blood loss
(p < 0.001).

Conclusions Maximum wmor diameter, BMI, operator
experience, and tumor location can be uscd to predict the
operative time required to complete laparoscopic anterior
resection with DST anastomosis for rectal cancer, with no
correlations between pelvic dimensions and operative time.
The difficulty of the procedure was not rclated to patients’
pelvic dimensions, which led us to conclude that “narrow
pelvis™ is not a contraindication for this surgery. Based on
these results, we suggest that laparoscopic anterior resec-
tion should be performed by experienced surgeons in
paticnts with large tumors, high BMI, and/or extraperito-
ncal rectal cancer.

Keywords Laparoscopic anterior resection -
Rectal cancer - Body mass index - Pelvic dimension -
Narrow pelvis - Volume-rendering image

Laparoscopic procedures for rtectal cancer have been
reported to be safe and cffective for a number of reasons,
including rclatively low levels of pain and blood loss,
carly resumption of bowel movement, and short postop-
crative hospital stay [1-6]. Additionally, randomized
studics have shown that laparoscopic total mesorectal
excision (TME) and lymph node disscction arc productive
surgical techniques with survival and recurrence rates
comparable to those of open procedures [4, 6-8]. How-
cver, while laparoscopic surgery is.the standard treatment
for colon cancer, it is not commonly performed in cases
of rectal cancer because it is technically challenging and
may be associated with disadvantages such as long
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operative time [1, 2, 4] and increased rate of positive
surgical margins [9].

Rectal surgery is performed through a narrow and fun-
neling bony inlet, which makes access and visualization
difficult in the decp pelvis. Even in the relatively simpler
open approach. it is difficult to maintain a clear surgical
field, to recognize precise anatomy, and to accurately
perform rectal mobilization and excision while preserving
urogenital functions. Recent studies have suggested that the
quality of open rectal surgery is influcnced not only by the
surgeon’s skill but also by the patient’s clinical and ana-
tomical factors, such as gender, tumor height, and pelvic
size [10~12]. Similar relationships possibly influcnce the
outcomes when using the laparoscopic approach, but
cvaluation of the influence of such clinical and anatomical
factors on laparoscopic rectal surgery has been limited [ 13,
14]. The purposc of this study is to evaluate the influence
of various clinical and anatomical factors, particularly
pelvic dimensions, on operative time and intraoperative
blood loss, which were sclected as dependent variables to
represent the level of difficulty in performing laparoscopic
anterior tesection with double-stapling technique (DST)
anastomosis for rectal cancer.

Patients and methods
Paticnts

We studied 50 consccutive patients who underwent lapa-
roscopic anterior resection with DST anastomosis for rectal
cancer located below the inferior edge of the S2 vertebra
between January 2006 and February 2010.

The indications for laparoscopic surgery were rectal
cancer without involvement of the lateral lymph nodes or
invasion of thc adjacent organs, as determined by com-
puted tomography (CT) and pelvic magnetic resonance
imaging (MRI) during preoperative cxaminations. An
additional indication was cvidence of metastatic diseasc
that could not be curatively resected using open surgery.

Tn Japan, preoperative radiothcrapy or chemotherapy is
not routincly administered in the treatment of rectal cancer;
it is currently being used in clinical trials or mainly in
paticnts with locally advanced, very low tumors to increase
the chance of sphincter-prescrving surgery. In this study,
no paticnts underwent preoperative radiotherapy  or
chemotherapy.

Data for age, gender, history of laparotomy, body mass
index (BMI), tumor location, tumor size, tumor staging,
operative time, amount of blood loss, conversion to open
surgery, pathology, 30-day morbidity, and mortality were
collected prospectively. Tumors were staged according to
the sixth tumor—node-metastasis (TNM) classification of

@ Springer

the International Union against Cancer (UICC) on the basis
of the histological findings of the surgical specimens.

Surgical procedures

The surgeries were performed by an experienced cxpert
surgeon (T.Y.) or by trainces with 3—6 ycars of experience,
operating under the expert’s supervision.

Anterior resection is used for the treatment of carly
cancer located just above the dentate line and advanced
cancer located >1 cm above the dentate line; these criteria
enable the acquisition of adequate distal margin after rectal
transcction. Here, paticnts were placed in Lloyd-Davis
position with the head and right side of the bed lowered.
First, a 12-mm camera port was inserted below the umbi-
licus using the open method. After creation of a pncumo-
peritoncum, four working ports were inserted: a 5-mm port
in the right and left upper abdominal quadrants cach, and a

- 12-mm port in the right and left lower abdominal quadrants

each. The mesocolon was mobilized using the mediolateral
approach, and the inferior mesenteric artery was divided
near its origin in order to achieve wide lymphadencctomy.
This permitted TME, except in cases of intraperitoncal
rectal cancer, where tumor-specific mesorcctal excision
(TSME) was performed instead. The rectum was transccted
intracorporeally using an Endo-Cutter (Ethicon Endo-Sur-
gery, Cincinnati, OH, USA) and anastomosed with DST.
No diverting stoma was created.

Pelvimetry

All patients underwent abdominopelvic CT (Aquilion 16;
Toshiba Medical Systems Corporation, Tochigi, Japan).
In most cases, the slice interval was adjusted to 5 mm.
Sequences were volume-rendered using a DICOM 3D
vicwer, INTAGE Realia (KGT Inc., Tokyo, Japan).
Volume-rendering (VR) images were obtained from the
extracted volume data using INTAGE Volume Player
(KGT Inc., Tokyo, Japan). A single observer
(S.0.) blinded to all clinical information regarding the
paticnts made all measurements in the VR images. Five
pelvic dimensions were mcasured: antcroposterior and
transverse diameters in the pelvic inlet (the axis from the
superior aspect of the pubis symphysis to the sacral
promontory and the longest lateral axis in the iliopec-
tincal line), anteroposterior and transverse diameters in
the pelvic outlet (the axis from the inferior aspect of the
pubis symphysis to the tip of the coccyx and the dis-
tance between the tips of the ischial spines, i.c., inter-
spinous distance), and the pelvic depth (the distance
between the sacral promontory to the tip of the coccyx)
(Fig. 1).
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Fig. 1 Anteroposterior (A) and
transverse (B) diameters in the
pelvic intet, anteroposterior
(C) and transverse (D,

E) diameters in the pelvic
outlet, and length of pelvic
depth (F) were measured using
three-dimensional VR images

Statistical analysis

The sample size was caleulated to detcct moderate corre-
lation (correlation cocfficient: Il = 0.4) with o of 0.05
(two-sided) and f§ of 0.2 (power of 80%), suggesting a total
study population of 47 paticnts. All statistical analyses
were performed using SPSS version  15.0 (Statistical
Package for Social Sciences™'; SPSS. Inc., Chicago, TL,
USA). Statistical significance was defined as p < 0.05.
Where appropriate, we used Fisher’s exact test, chi-square
test, Student’s f test, Welch’s test, or Pcarson’s product-
moment corrclation cocfticicnt to investigate relationships
between patients’ clinical and anatomical characteristics
and surgical difficultics. Multivariatc analysis was per-
formed using a multiple lincar regression model with a
stepwisc mcthod (significance level to enter = 0.05; sig-
nificance level to stay = 0.1).

To assess intraobserver variation, measurcments of the
pelvic dimensions of 10 patients were repeated after an
interval of 4 weeks, with the observer blinded to the initial
results {10, 14]. According to the Pearson’s product-
moment correlation coctficient, the intraobscrver variation
was 0.946. The two scts of measurements were highly
correlated (p < 0.001), indicating that they accuratcly
described pelvic anatomy.

Results

Patient and tumor characteristics arc summarized in
Table 1. Anastomosis height was significantly greater in
males than in females (p = 0.014). All five pelvic dimen-
sions differed significantly between male and female
paticnts. Femalcs had significantly longer measurcments
for the pelvic inlet and outlet (all p < 0.003), whilc males

had significantly greater pelvic depth (p < 0.001). Overall,
this indicated that male pelvises were significantly nar-
rower and decper than female pelvises.

Although males tended to experience more blood loss
during surgery (p = 0.11), therc were no significant dif-
ferences between the genders in surgical  outcomes
(Table 2). In no case was there conversion to open surgery,
death or positive circumferential rescction margins (CRM).
Complications were identificd in two male paticnts: onc
wound infection and one anastomotic lcakage. The overall
morbidity rate was 4%, and the anastomotic lcakage ratc
was 2%.

Univariate analysis showed that age (p = 0.012), BMI
(p = 0.009), operator (p = 0.006), and maximum tumor
diamcter (p = 0.003) were significantly associated with
operative time (Table 3). Although operative time tended
to incrcase as antcroposterior pelvic inlet diameter
decreased (p = 0.151) and pelvic depth increased
(p = 0.103), these relationships were not significant.

Stepwise lincar regression analysis showed that the
optimal model for predicting operative time included
maximum tumor diameter, BMI, operator, and tumor
location (p < 0.001, Table 4). Operative time increased as
maximum tumor diamcter and BMI incrcased, but
decrcased with an cxpert performing the operation and for
intraperitoncal umor location. Opcrative time, in turn, was
the only factor significantly- associated with blood loss
(p < 0.001): no other variables had any relationship with
blood loss.

Discussion

In this study, multivariate analysis showed that larger
maximum tumor diamcter, higher BMI, traince performing
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Table 1 Paticnts” clinical and

X e Malc (n = 30) Female (n = 20) p Value
anatomical characteristics
Age (ycars) 66 (60, 79) 70 (58, 75) 0.93
Previous laparotomy (no.) 9 9 0.43
BMI (kg/m") 21.5 (18.7, 22.6) 21.4 (18.0, 23.4) 0.87
Operator 0.82
Expert (no.) 17 12
Traince (no.) 13
Tumor location of lower cdge 0.20
Tntraperitoneal (no.) 19 9
Extraperitoneal (no.) 11 11
Tumor depth 0.81
Tis/TUT2 (no.) 19 12
T3/T4 (no.) B
Nodal involvement 0.75
NO (no.) 22 13
N1/N2 (no.) 8 7
Maximum tumor diameter (cm) 4.0 (1.8, 5.2) 3.3(20,40) 0.38
Procedure 072
High anterior resection (no.) 2 1
Low anterior resection (no.) 28 19
Anastomosis height trom anal verge (cm) 6.0 (4.0, 6.8) 4.0 (4.0, 5.0) 0.014
Pelvic dimensions
Inlct
Anteroposterior (cm) 11.0 (103, 11.8) 119 (11.5, 12D <0.001
All continuous variables are Transverse (cm) 123 (11.9, 121 12.9 (124, 13.3) 0.002
described as median (first Outlet
quartile, third quartile) Anteroposterior {cm) 10.0 (9.4, 10.3) 10.6 (10.1, 11.4) 0.003
Bold font in table means that the Transverse (cm) 9.7 (9.1, 10.0) 11.1 (107, 11.9) <0.001
p-values were statistically Depth (cm) 124 (11.4,12.7) 11.2 (100, 11.8) <0.001

significant

Table 2 Surgical outcomes in relation to gender

Male Female p Value

(n = 30) (n = 20)
Operative time (min) 305 (271, 325) 277 (254, 333) 0.26
Blood loss (ml) 25 (8. 58) 50, 23) 0.11
Complication (no.) 2 0 0.66
Anastomotic leakage (no.) | Q0 .84
Conversion (no.) 0 0 na
Mortality (no.) 0 0 na
Positive CRM (no.) 0 0 na

CRM circumferential resection margin

the operation, and extraperitoneal tumor location were
significantly associated with longer operative time in lap-
aroscopic anterior resection with DST anastomosis for
rectal cancer, while pelvic dimensions had no correlations
with opcrative time. Furthermore, operative time was the
only factor significantly associated with intraoperative
blood loss. The present findings arc valuable in suggesting

@ Springer

that pelvic dimensions were not definitive factors as com-
parcd with maximum tumor diameter, BMI, opcrator
cxpericnee, and tumor location in predicting the difficulty
of performing this procedure.

Interest in pelvimetry began with attempts to predict
cephalopelvic disproportion in pregnant women prior to
labor. Pelvimetry has been utilized for patients with rectal
cancer, using MRI [10-12] and CT [13, 14] images; in
these cases, measurements were made on two-dimensional
reconstructed (axial and sagittal) images. However, these
cross-scctional images only permit measurement of dis-
tances between points that exist in the same orthogonal
coordinate axis. We preferred the use of three-dimen-
sional VR images, becausc they allow precise measure-
ments along any axis and can be especially bencficial in
cascs with anatomically strained pelvis or mismatched
alignments between patients and imaging devices. The
precision and scnsitivity of this technique were demon-
strated by its ability to correctly indicate that male pel-
vises arc narrower and deeper than female pelvises, as
well as by the strong correlation between the two scts of
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Table 3 Corrclations  between  operative  time  and  operative
parameters
Variable p Value
Gender (male versus female) 0.131
Age 0.012
Previous laparotomy 0.430
BMI 0.009
Operator {(expert vs. trainee) 0.006
Tumor location (intraperitoneal versus extraperitoneal) 0.338
Tumor depth (Tis/T1/T2 vs. T3/T4) 0.247
Nodal involvement (NO vs. N1/N2) 0.471
Maximum tumor diameter 0.003
Anastomosis height from anal verge 0.338
Pelvic dimensions
Inlet
Anteroposterior 0.151
Transverse 0.250
Outlet
Anteroposterior 0.481
Transverse 0.324
Depth 0.103

Bold font in table means that the p-values were statistically significant

4 Variables included in the final stepwise linear regression model
cxplaining variations in operative time

B B p Value
Intercept 190.871 <0.001
Maximum tumor diameter (cm) 8.075 0.289 0.014
BMI (kg/m®) 6.828 0.382 0.001
Operator (expert) -60.755 -0.576 <0.001
Tumor location (intraperitoncal) -42.945 -(0.373 0.009
R = 0463
Moadel atility test: p < 0.001
mecasurcments  in the  intraobserver  variation  test

(r = 0.946, p < 0.001).

In this study, we chose to evaluate cascs of rectal cancer
that underwent laparoscopic anterior resection with DST
anastomosis, because intracorporcal rectal transection and
anastomosis is onc of the most difficult procedures in
laparoscopic rectal surgery and therefore should be con-
sidered separately from cases that undergo abdominoperi-
ncal resection or intersphincteric resection with transanal
hand-sewn anastomosis. We sclected operative time and
intraoperative blood loss as dependent variables repre-
senting technical difficultics during this procedure. Other
variables, including complications, anastomotic lcakage,
conversion, mortality, and positive CRM, occurred at such
low rates that they could not be analyzed. This indicates

that the procedure can be performed safely and without
morbidity or conferring any oncologic disadvantagc.

Tt is not immediately clear why anastomosis height was
significantly greater in males than in females. Unlike pre-
vious authors [13, 13], we did not find that operative out-
come differcd significantly between the two genders. These
results may partly be explained by the fact that pelvic
proccdures can be completed more casily in wider and
shallower female pelvises, but may also be disrupted by the
presence of the utcrus.

Paticnts in this study had BMI ranging from 12.0 to
278 kg/mz; these values are lower than thosc in Western
populations. Nevertheless, our results agreed with previous
reports that found a positive association between operative
time and BMI [14]. This is likely associated with greater
mesorectal volume, which restricts the pelvic working
space for the procedures. Therefore, visceral fat may be an
even better predictor of surgical difficulty than BMI [16,
17]. Further, larger maximum tumor diameter reflects lar-
ger tumor volume, which again restricts the pelvic working
space. Space can also be restricted by the location of
tumors; i.c., when tumors arc positioned extraperitoncally,
surgeons have a narrower space in which to perform rectal
dissection, transcction, and anastomosis, since the pelvic
width becomes narrower as once approaches decper into the
pelvis. Thus, cumulatively, higher BMI, larger maximum
tumor diameter, and extraperitoncal tumor location impact
opcerative time by limiting pelvic frec space for the pro-
ccdures and reducing visibility, maximum retraction, and
access to the depths of the pelvis via the pelvic inlet.

In keeping with our previous finding, operative time was
longer when procedures were performed by trainces [18].
Pelvic space cannot be expanded by pneumoperitoncum, as
can be done in the upper abdomen, and limited working
space dircctly affects the difficulty of safe and quick
access, required to optimize visibility and retraction. We
presume that these issues do not present as great a problem
to expert surgcons because they have more expericnce in
creating an appropriate surgical ficld and obtaining a good
view for identifying and dissecting anatomical structures
cven in a limited pelvic working space.

Although pelvic depth tended to correlatc with operative
time, we did not find any significant patterns linking pelvic
dimensions with operative outcomces. These results arc
contrary to thosc previously reported clsewhere [13, 14].
We hypothesize that this is because BMI, maximum tumor
diamcter, and tumor location have greater effect on pelvic
working space than do pelvic dimensions. Additionally,
this study included cases of both intraperitoneal and
extraperitoncal rectal cancer, while a similar previous
study focused only on extraperitoncal rectal cancer [14].
Furthermore, the procedures in our study were performed
by both experts and trainces, rather than experts only [ 14].
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Thus, these differences in inclusion criteria may explain
why we did not detect any significant correlations between
pelvic dimensions and operative time.

Qur study has certain limitations. The sample size of this
study was small, although the study was not statistically
underpowered. However, future examinations with larger
sample size would clucidate our results further. Addition-
ally, other variables, including complications, anastomotic
leakage, conversion, mortality, and positive CRM, should
be examined to gencralize the present findings.

In summary, our results indicate that “narrow pelvis” is
not a contraindication for laparoscopic resection of rectal
cancer. We also recommend that this procedure be per-
formed by cxpericnced surgeons in patients with large
tumors, high BMI, and/or extraperitoneal rectal cancer.
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