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b Posterior to rectum, S3-S4
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C Posterolateral to rectum, S4 .

Fig. 2 Histological examination of fixed cadavers: haematoxylin and eosin-stained horizontal sections of fascial structures. a Posterior to
the rectum at the level of the first to second sacral vertebrae, b posterior to the rectum at the level of the third to fourth sacral vertebrae
and ¢ posterolateral to the rectum at the level of the fourth sacral vertebrae. The middle rectal veins (MRV) run through the pelvic
plexus, which was considered to represent the lateral ligament (white star). Black arrows, fascia propria of the rectum; black arrowheads,
prehypogastric nerve fascia; white arrows, parietal presacral fascia; asterisks, levator ani muscles. HGN, hypogastric nerve; IGA, inferior
gluteal artery; IPV, internal pudendal vein; MR, mesorectum; PM, piriformis muscle; PN, pudendal nerve; PSN, pelvic splanchnic
nerves; PX, pelvic plexus; R, rectum, S1-4, first to fourth sacral vertebrae; SRA, superior rectal artery; SRV, superior rectal vein

This work was undertaken within the provisions of the
Declaration of Helsinki, 1995 (revised in Edinburgh, 2000),
although the present research project did not include any
specific protocols that required examination and approval
by an ethics committee.

Results
Histological observations

Between the levels of the first and second sacral vertebrae,
two fasciae were identified within the multilaminar
structure between the FPR and the sacral periosteum
(Fig. 2a). One was located adjacent to the FPR and
immediately ventral to the HGN (temporarily termed
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the pre-HGN fascia), whereas the other fascia was located
dorsal to the HGN and immediately ventral to the sacral
veins. The latter continued to a fascia covering the ventral
surface of the levator ani muscle (see below), and was thus
called the parietal presacral fascia. The FPR, pre-HGN
fascia and parietal presacral fascia were not artifacts caused
by histological preparation, as these structures were all
identified as woven fibrous tissues at higher magnifications.
In contrast, the mesorectum comprised many lobules, but
no specitic fascial structure separating the lobules was
identified.

At the levels of the third and fourth sacral vertebrae,
the HGN was not located near the sacrum, and the
retrorectal multilaminar structure between the FPR and
sacral periosteum was thin (Fig. 26). The FPR was also
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a Posterior to rectum, $S1-54
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Higher magnification, S3-S

pie?
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Fig. 3 Histological examination of fixed cadavers: haematoxylin and eosin-stained sagittal sections of fascial structures posterior to the
rectum. b and ¢ show boxes marked in a at higher magnification. Black arrows, fascia propria of the rectum; black arrowheads,
prehypogastric nerve fascia; white arrows, parietal presacral fascia. MR, mesorectum; R, rectum, S1-4, first to fourth sacral vertebrae;

SRA, superior rectal artery; SRV, superior rectal vein

thin and attached to the pre-HGN fascia. The FPR was
difficult to discriminate from the pre-HGN fascia. At this
level, the pre-HGN fascia and parietal presacral fascia also
comprised thick woven fibrous tissues.

Pelvic splanchnic nerves were identified arising from
the third and fourth sacral foramina and running toward
the pelvic plexus (Fig. 2¢). Slices included the levator
ani muscle. Parietal presacral fascia was divided into
several laminae extending ventrolaterally: fasciae lining
or enclosing the pelvic plexus; fasciae providing a posterior
attachment for levator ani muscle and lining the medial or
superior.surface of the muscle sheet; and fasciae enclosing
the pudendal nerve and associated inferior gluteal and
internal pudendal vessels.

Immediately medial to the pelvic plexus, the FPR
and pre-HGN fascia appeared to fuse with one of the
ventrolateral continuations or divisions of the parietal
presacral fascia, resulting in very thick and multilayered
fasciae medial to the pelvic plexus (Fig. 2c). The pelvic
plexus in this area was packed within a thickness of 3—-7 mm
and attached tightly to the lateral side of the mesorectum.

Copyright © 2007 British Journal of Surgery Society Lid
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In sagittal sections, the basic four fasciae (FPR, pre-
HGN fascia, parietal presacral fascia and sacral periosteum)
were evident as multilaminar structures posterior to the
rectum. The first three were closely located within a
width of 3—4 mm (Fig. 3). There was no fascial structure
connecting directly between the FPR and parietal presacral
fascia (that is, the rectosacral fascia), whereas multilaminar
structures were arrayed parallel to the concave ventral
surface of the sacrum. The pre-HGN fascia was thick at
the level of the third and fourth sacral vertebrae (Fig. 3a,c).

Fresh cadaver dissection and histological
assessment

With sharp dissection in the avascular plane of areolar
tissue under direct vision, the FPR was clearly seen and
the HGN was identified behind the pre-HGN fascia
(Fig. 4a,b). After posterior mobilization of the rectum up to
the level of the third or fourth sacral vertebrae, the so-called
rectosacral fascia was clearly observed connecting between
the FPR and a parietal structure (Fig. 4b). A strip of dura
was successfully attached to the rectosacral fascia and the
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C Histological appearance

Fig. 4 Fresh cadaver dissections showing a posterior mobilization of the rectum at the level of the first to second sacral vertebrae and

b retrosacral fascia (RSF) at the level of the third to fourth sacral vertebrae. ¢ Histological evaluaton of a fresh cadaver dissection, with
higher-magnification view shown in inset. Dotted line in a shows surgical plane. Large arrow in b shows position of inserted dura
mater. Black arrows (in ¢), fascia propria of the rectum; arrowheads, prehypogastric nerve fascia; white arrows, parietal presacral fascia;
asterisks, dura mater. HGN, hypogastric nerve; MR, mesorectum; R, rectum; S1-4, first to fourth sacral vertebrae

plane closed by ligation. Histologically, dura mater was
clearly identified between the FPR and pre-HGN fascia,
but no fascia connecting the FPR to the parietal presacral
fascia was found (Fig. 4c).

Discussion

The present study has demonstrated that, rather than the
FPR, a muldlaminar posterior envelope of the mesorectum
contains another two histologically clear and/or thick
fasciae: the parietal presacral fascia’-*!=2} (synonymous
with Waldeyer’s fascial?) covering the presacral venous
plexus and the pre-HGN fascia immediately ventral to
the course of the HGN. The term ‘hypogastric nerve
sheath®*25 rather than pre-HGN fascia seems appropriate,
as the HGN is enclosed with connective tissues when
subjected to sharp dissection during surgery'®!1-26. Sharp
dissection in front of the pre-HGN fascia seems to lead
the plane precisely between the pelvic plexus and FPR. In
contrast, a surgical plane along the parietal presacral fascia
is likely to mislead the surgeon and result in injury to the
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pelvic splanchnic nerves and/or pelvic plexus, because the
parietal presacral fascia divides into several laminae lining
or enclosing these nerves (Fig. 5).

The FPR seems to attach to or join this multilaminar
structure. Notably, it was demonstrated previously that
one lateral continuation of Denonvilliers’ fascia separates
the pelvic plexus from the mesorectum?’. Moreover,
histologically the FPR seems to attach to Denonvilliers’
fascia and its lateral continuation. As a result of this
morphology, lateral continuation of Denonvilliers’ fascia
was most likely to be consistent with the most medial
division of the parietal presacral fascia and pre-HGN fascia
in the present study. The outer fascial tube, including
the parietal presacral fascia, Denonvilliers’ fascia and a
communicating portion between them, seems to surround
the mesorectum immediately outside the FPR.

Given the very close topographic relation between the
outer fascial tube and the FPR, anatomists have rarely
identified the FPR?’. The pre-HGN fascia, or HGN
sheath, seem to join this outer tube from the medial
side. Moreover, in combination with another parietal
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NVB

Urogenital viscera

Sacral veins

Fig. 5 Schematic representation of fascial structures
posterolateral to the rectum. One division of the parietal
presacral fascia (PF) continues to the endopelvic fascia lining the
levator ani (LA) and another continues ventrolaterally to connect
with Denonvilliers’ fascia (DVF). A mesentery-like structure
(circled by dotted line) extends to the viscera from parietal
structures. The urological neurovascular bundle (NVB) may be
enclosed by secondary divisions (asterisks) of the aforementioned
fasciae®®. FPR, fascia propria of the rectum; HGN, hypogastric
nerve; MR, mesorectum; PM, piriformis muscle; PN, pudendal
nerve; pre-HGF, pre-HGN fascia; PSN, pelvic splanchnic nerve;
PX, pelvic plexus; R, rectum; SRA, superior rectal artery; SRV,
superior rectal vein

fascial division, the outer fascial tube seems to provide a
mesentery-like structure for the urogenital viscera (Fig. 5),
in which pelvic splanchnic nerves continue to the cavernous
nerve’’. Enclosing the mesentery-like structure for the
urogenital viscera, the communicating portion between
the parietal presacral fascia and Denonvilliers’ fascia cannot
simply be regarded as a ‘parietal’ fascia.

The dorsoventral fascial communication between the
parietal presacral fascia and Denonvilliers’ fascia was thick
and adhered to the FPR near the pelvic plexus. The
authors speculated that, when the middle rectal artery
is absent, the so-called lateral ligament of the rectum
is likely to correspond to a surgical artifact when the
FPR is separated at the adhesion and the divisions of the
parietal presacral fascia are fasciculated by traction30-31,
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A direct fascial connection was not likely between the
FPR and sacral periosteum at the level of the third
and fourth sacral vertebrae. The present fresh cadaver
dissection in combination with histological examination
demonstrated that the so-called rectosacral fascia was
likely to correspond to a surgical artifact that arose
when the tightly packed posterior multilaminar structure
was separated. In the muldlaminar structure, the pre-
HGN fascia was particularly thick at this level. However,
incidentally, the present histological findings did not
include a vein of the mesorectumn draining into the sacral
vein behind the parietal presacral fascia. Dorsal venous
drainage might occur via a vascular sheath that resembles
the rectosacral fascia.

This study has shown that the pre-HGN fascia is
evident between the FPR and parietal presacral fascia in
the retrorectal multilaminar structure. Sharp dissection in
front of the pre-HGN fascia seems reliable according to
the histological configuration of the posterolateral fasciae.
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ABSTRACT

Background/Aims: The long-term outcome of
laparoscopic resection (Lap-R) of rectal cancer is still
unclear. The purpose of this study was to elucidate
the validity of Lap-R by comparing the short-term
and mid-term outcome of Lap-R performed in our
hospital to treat T1 and T2 rectal cancer patients
with that of patients with the same clinicopathologi-
cal background treated for rectal cancer by open
surgery (O-R).

Methodology: We conducted a matched case-con-
trol study of the oncologic outcome of T1 and T2 rec-
tal cancer patients who had undergone Lap-R
between 1996 and 2002 by matching them for sex,
age, location, and TNM classification with patients
who underwent O-R during the same period, and the
total number of subjects in both groups combined
was 76.

Results: The median follow-up period in the Lap-R
group was 36 months, as opposed to 58 months in the
O-R group. There were no operative deaths in either
group. Comparison of the postoperative complica-
tions showed that intraoperative blood loss was sig-
nificantly less in the Lap-R group than in the O-R
group (P<0.0001), and there were fewer cases of
intestinal obstruction (»p=0.0312). The number of
postoperative hospital days was also significantly

shorter (p=0.00046).

The overall survival rate was 91.6% in the Lap-R
group and 92.7% in the O-R groups, and the differ-
ence was not significant (p=0.5306). The recurrence-
free survival rate was 96.7% in the Lap-R group and
82.4% in the O-R group, and the difference was not
significant (p=0.4587). The difference in recurrence
rate between the groups was not significant
(p=0.446), and there were no differences in modes of
recurrence, but local recurrence was the most com-
mon mode in both groups. No recurrences were
observed at the site of the port in the Lap-R group.
Conclusions: When we performed our matched
case-control study of Lap-R and O-R as surgical pro-
cedures for T1 and T2 rectal cancer, Lap-R was less
invasive based on the short-term outcome. Moreover,
there were no significant differences in mode of
recurrence or recurrence rate, and no significant dif-
ference between the two groups was observed in
oncologic outcome. It will be necessary to await the
results of both Japanese and international random-
ized controlled trials (RCT). However, short- and
mid-term follow-up of identical patients at a single
institution as in the present study also appeared to
have sufficient significance.

INTRODUCTION

It has been more than 10 years since laparoscopic
surgery (Lap-R) became a choice of treatment for col-
orectal cancer. The advantages of Lap-R for colon can-
cer have been reported to be that it enables less post-
operative pain, decreased postoperative intestinal
obstruction, a shorter postoperative hospital stay, an
earlier return to a normal life, and even better postop-
erative quality of life (1-4). RCT in regard to long-term
outcome have been performed in various countries,
and the long-term outcome of Lap-R has been report-
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ed to be equivalent to that of open surgery (O-R) (5,6).
However, Lap-R for rectal cancer is definitely a diffi-
cult operation from a technical standpoint, and in
many clinical studies it has been described as not
being indicated for rectal cancer (5,6). As a result, the
safety and low invasiveness of Lap-R are unclear. Fur-
thermore, there have been no large-scale RCT on the
short-term outcome or long-term outcome, and they
are also still unclear.

The present study was a matched case-control
study in which we compared the safety, low invasive-
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ness, and short-term outcome of Lap-R with O-Rin T1
and T2 rectal cancer patients, excluding T3 and T4
rectal cancers, which require neoadjuvant chemother-
apy, and assessed the validity of Lap-R as a procedure
for T1 and T2 rectal cancer.

METHODOLOGY

Lap-R was performed on 71 rectal cancer patients
during the period from April 1996 to December 20083,
and we adopted the patients with depth of invasion T1
and T2 who did not have any obvious preoperative
lymph node metastases or distant metastases as
potential subjects of the study. Patients with intesti-
nal obstruction or who did not consent to Lap-R were
excluded. Before surgery all patients underwent con-
trast enema fluoroscopy, colorectal endoscopy, abdom-
inal ultrasonography, and abdominal and pelvic CT
examinations. The location of the rectal cancers was
determined by colorectal endoscopy. The cancers were
classified according to their distance from the anal
verge as under rectum (Ocm to 7cm), upper rectum
(7.1cm to 12cm), and rectosigmoid (12.1cm to 17cm).
We matched 38 patients each who underwent Lap-R
and O-R for pathologic TNM category, sex, age (=5 y),
location, and day of surgery (between 1990 and 2003)
and adopted them as the subject group (Table 1).

The surgical technique of Lap-R consisted of
inserting the initial port in the upper portion of the
umbilicus and insufflating the abdomen with CO, at a
mean pressure of 8 mmHg/hr. There were no conver-
sions from Lap-R to O-R. In addition to outpatient
clinic visits, postoperative follow-up consisted of CEA
measurements (every 3 to 12 months), contrast enema
examinations, abdominal ultrasound examinations,
and thoracic and abdominal CT examination (6
months), and recurrence was judged on the basis of
the imaging findings and the histopathological find-
ings considered as a whole. Postoperative adjuvant
chemotherapy, principally with fluorouracil (5-FU),
was performed in a total of 8 patients, 4 stage III
patients each in the Lap-R group and the O-R group,
and the significant difference in number of patients to
whom it was administered was the same in both
groups. :

The Mann-Whitney U test was used to statistical-
ly analyze the non-parametric data. Overall survival
rates were calculated by the Kaplan-Meier method,
and group comparisons were made by the log-rank
test.

RESULTS

Comparison between the Lap-R group and O-R
group showed an intraoperative blood loss of 50mL in
the Lap-R group and 205mL in the O-R group, and
there was significantly less bleeding in the Lap-R
group (P<0.0001). The length of the postoperative
hospital stay was 12 days in the Lap-R group and 16.5
days in the O-R group, and significantly shorter in the
Lap-R group (p=0.00096, Table 2). On the other
hand, there were no significant differences between
the groups in operation time, time until resumption of

L irABUERIRemagraphiclcharacteristicslolthelRatients g

Laparoscopic Open surgery

surgery group __ group
Number of patients 38 38
Sex ratio (Male:Female) 27:11 27:11
Age (yr; Mean [range]) 61(30-77)  62.5 (49-85)
Location Rectosigmoid 10 10
Upper Rectum 12 12
Under Rectum 16 16
TNM stage  pTINO 25 25
pT2NO 9 - 9
pT2N1 3 3
pT2N2 1 1
Period [mo; median/range/] 36 (8-90) 58 (15-120)

pTNM stage: pathological TNM stage.

- TIBIEE 2 Oomettve enn) (OO BY

Laparoscopic Open surgery

surgery Group Group p-value
Mean Operation Time (min) 240 (145-560) 225 (115-415) NS
Bleeding (mL) 50 (10-460) 205 (60-1580) p<0.0001
Mean time to oral intake (days) 3 (2-8) 4 (2-14) NS
Mean number days of 1 (0-5) 1(0-5) NS
parenteral opiates
Mean length of stay (days) 14 (7-64) 19.5 (9-66) p=0.00046

I3 Mt o el ol sl

Laparoscopic surgery  Open surgery

Complication Group (n=38) Group (n=38) p-value
Anastomotic leak 1 2 NS
Anastomotic stenosis 0 1 NS
Bleeding 2 1 NS
Wound infection 2 4 NS
Prolonged ileus 2 10 p=0.0312
100 ==
gy S 1Y
;\i 80 1
2
E % Open Surgery Group
I
> 0
z ¢ Laparoscopic Surgery Group
3 ]
@ p=0.5306
o T T T T T T
0 12 24 36 48 60
Months

FIGURE 1 Comparison between the overall curves of the laparoscopic
surgery group and the open surgery group.

meals, or number of times analgesics were used
(Table 2). Comparison of the postoperative complica-
tions showed significantly fewer cases of intestinal
obstruction in the Lap-R group (p=0.0312). There
were no significant differences between the groups in
suture failure, anastomotic stenosis, postoperative
bleeding, or wound infection (Table 3). The cumula-
tive 5-year survival rate was 91.6% in the Lap-R group
and 92.7% in the O-R group, and the difference was
not significant (p=0.5306, Figure 1). The recurrence-
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FIGURE 2 Comparison between the disease-free survival curve of the
laparoscopic surgery group and the open surgery group.

recurrence Site of Outcome
Location = Method pTNM (mo) recurrence’  (mo)
1 Under R laparoscopic  pT1NO 31 Lung 39, dead
2 Upper R laparoscopic  pT2NO 6 local 8, dead
3UnderR  open pT1NO 46 local 60, dead
4 Rectosig  open pT1NO 39 local 44, dead
5Under R open pT2N1 68 Liver 79, dead

*Site where recurrence was first noticed.

free survival rate was 96.7% in the Lap-R group and
82.4% in the O-R group, and the difference was not
significant (p=0.458, Figure 2). .

There were 2 cases (5%) of postoperative recur-
rence in the Lap-R group. In 1 case it consisted of pul-
monary metastasis, and in the other case there was
local recurrence. In the O-R group, on the other hand,
there were 3 cases (7%) of recurrence. In 2 cases it was
local recurrence, and in the other case it was liver
metastasis. As a result, there was no significant differ-
ence in recurrence rate between the groups. No port-
site recurrence was observed in the Lap-R group.

DISCUSSION

The results of the matched case-control study of
Lap-R and O-R for T1 and T2 rectal cancer revealed a
more favorable short-term outcome after Lap-R than
after O-R and no difference between the groups in
long-term outcome. In terms of the short-term out-
come, there was significantly less blood loss and
intestinal obstruction with Lap-R, and the postopera-
tive length of stay was also significantly shorter than
after O-R. Among the postoperative complications
there was only 1 case of suture failure in the Lap-R
group. It has been reported in 5.7% to 21% of patients
in whom Lap-R was performed, and some institutions
routinely recommend a colostomy for low rectal cancer
(7-11). When the intestine is sectioned on the distal
side of the rectum, it appears to become a cause of
suture failure due to the choice of device, difficulty of
the maneuvers, etc. Presumably that is why there are
differences among institutions in the safety of the
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anastomoses.

In regard to short-term outcome, there is less post-
operative pain with Lap-R, early ambulation is possi-
ble, and peristalsis resumes sooner. As a result, oral
intake starts earlier after Lap-R than after O-R, and
the hospital stay is shorter, and earlier return to the
patient’s normal life has also been demonstrated.
Thus, there have been many reports that Lap-R is less
invasive and that postoperative QOL is better (10-15).
However, Yamamoto et al. compared the invasiveness
markers CRP and WBC count, as well as IL-6 and NK
activity and found no significant differences between
the two groups in any of the markers (16). In the
future we should also probably monitor invasion
markers in relation to the short-term outcome and
assess the low invasiveness of Lap-R more objectively.

In regard to the long-term outcome, Anthuber et
al. assessed 101 rectal cancer patients in a report from
a single institution, and the results showed that sig-
nificantly fewer postoperative complications occurred
after Lap-R than after O-R. They also reported that
the long-term outcome was almost the same in both
groups (17). However, patients with T3 and T4 rectal
cancer that had been treated by neoadjuvant
chemotherapy were included among the subjects, and
it cannot be said to have been adequate as evidence for
Lap-R. In our own study we found no significant dif-
ferences between the two groups in regard to the long-
term outcome of T1 and T2 rectal cancer in terms of
mode of recurrence, recurrence rate, overall survival
rate, or recurrence-free survival rate. However, no
large-scale RCT in regard to Lap-R have been con-
ducted in Japan or abroad, and the present study was
a retrospective comparison between Lap-R and O-R.
The results showed 1 case of local recurrence after
Lap-R and 2 cases of recurrence after O-R. The differ-
ence was not statistically significant, but because
maneuvers within the narrow pelvis are considered
necessary for rectal cancer, maneuvers that might
cause damage at the tumor site increase the risk of
tumor cell dissemination in the peritoneal cavity dur-
ing surgery (18). Thus, it appears particularly neces-
sary to perform maneuvers with forceps cautiously
during Lap-R. However, the magnifying visual effect
of the endoscope is exploited in the narrow pelvis, and
by maintaining a good field of vision, it may also be
able to increase the safety of the intraoperative
maneuvers (19). First, it seems necessary to conduct
an RCT in which T1 and T2 rectal cancer patients are
the subjects and confirm the long-term outcome of
Lap-R. The next step would be to add various preop-
erative chemotherapy methods and radiotherapy
methods to surgical treatment, which is currently the
method of treatment for T3 and T4 rectal cancer
patients. As a result, there is a strong possibility that
differences in the short-term and long-term outcome
of rectal cancer will occur as a result of preoperative
therapy. Thus, it will be necessary to conduct the
assessments by standardizing treatment methods
prospectively without creating any preoperative or
postoperative bias. As a result of advances in laparo-
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scopic surgery technology and accumulation of experi-
ence, in the future Lap-R will probably become one of
the choices for the treatment of rectal cancer. The
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Abstract

Aim Macroscopic and imaging indicators for lymph node
metastasis have been documented not in lateral pelvic
lymph nodes but in mesorectal lymph nodes in patients
with rectal carcinoma. We conducted this study to uncover
morphological characteristics of lateral pelvic lymph nodes
in patients with rectal carcinoma.

Materials and methods Fifty-eight patients with locally
advanced rectal carcinoma who had total mesorectal
excision and lateral pelvic lymph node dissection were
studied. Total number of lateral pelvic lymph nodes
evaluated was 462, with 538 mesorectal lymph nodes being
used for comparison. Factors of lymph nodes evaluated
were size (long- and short-axes diameters), shape (ovoid
and irregular), and heterogeneity of internal structure.
Receiver operating characteristic (ROC) curve analysis
was used to compare the diagnostic accuracy of each factor.
Results Lateral pelvic lymph node at non-metastatic status
appeared to be longer (4.5 vs 3.5 mm) and thinner (2.2 vs
2.6 mm) than mesorectal lymph nodes. ROC curve
analysis, for discriminating non-metastatic and metastatic
lateral pelvic lymph nodes, revealed that a short-axis
diameter appeared to be the most prominent factor with
highest area under curve (0.907) and was more reliable than
either long-axis diameter (0.811) or shape (0.527) other
than internal structure (1.00). A short-axis diameter was an
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Department of Surgery, Kyorin University, School of Medicine,
Tokyo, Japan
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Y. Ohkura + A. Sakamoto
Department of Pathology, Kyorin University, School of Medicine,
Tokyo, Japan

independent risk factor for metastasis by multivariate
analysis with an odds ratio of 1.29 (p<0.0001, 95%
confident interval, 1.22-1.36). The most reliable cut-off
value was 4 mm with 96% of sensitivity, 68% of specificity,
and 82% of overall accuracy.

Conclusion Lateral pelvic lymph nodes tended to be longer
and thinner than mesorectal lymph nodes at non-metastatic
status. A short-axis diameter of 4 mm or larger was the
prominent indicator of metastasis in lateral pelvic lymph
nodes.

Keywords Lateral pelvic lymph node - Lateral pelvic lymph
node dissection - Rectal cancer - Mesorectal excision

Introduction

As the characteristics of mesorectal lymph nodes have been
closed up following the introduction of total mesorectal
excision [1], pathological characteristics of these lymph
nodes were already clarified [2-6]. Furthermore, optimal
criteria for preoperative imaging diagnosis of mesorectal
lymph nodes have already been demonstrated [7-9]. In
terms of lateral pelvic lymph nodes metastasis, it is an
important factor for local recurrence and survival, and
dissection is needed, if metastasis is detected [10-12].

Although it has recently been reported that accuracy of
preoperative diagnosis of lateral pelvic lymph nodes was
higher than that of mesorectal lymph nodes, the optimal
diagnostic criteria are still controversial [13].

When clarifying optimal preoperative diagnostic criteria,
pathologic exploration would be needed beforehand.
However, there has been no paper describing the patholog-
ical characteristics of lateral pelvic lymph nodes. Therefore,
we conducted this study to clarify morphological character-
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Table 1 Comparison between non-metastatic mesorectal and lateral pelvic lymph nodes

Non-metastatic LPLNs (440) Non-metastatic MRLNs (420) P
Long-axis diameter (mm) Mean 4.5 35 p<0.01
Range 0.3-22.0 0.1-12.0
Short-axis diameter (mm) Mean 22 2.6 p<0.0001
Range 0.3-10.0 0.1-8.0
Shape (number of lymph nodes) Ovoid 257 (59%) 374 (89%) p<0.00001
Irregular 183 (41%) 46 (11%)

MRLN Mesorectal lymph nodes, LPLN lateral pelvic lymph nodes

istics of lateral pelvic lymph nodes by comparing them with
those of mesorectal lymph nodes as counterpart.

Materials and methods

Fifty-eight patients with locally advanced rectal carcinoma
(tumor, node and distant metastasis, T3 or T4 stage) who
had total mesorectal excision and lateral pelvic lymph node
dissection between July 1997 and June 2006 were studied.
We performed lateral pelvic lymph node dissection simi-
larly as reported in the previous literatures [10-12].
Unilateral dissection was performed when the tumor was
located in the right or left side. Bilateral dissection was
performed when the tumor occupied more than half of the
rectal circumference or was situated at the anterior or
posterior parts of the rectum. All visible and palpable lateral

Fig. 1 A non-metastatic lateral pelvic lymph node, 14 mm in a long

axis diameter with irregular shape and no tumor involvement. A black

line indicates 5 mm (hematoxylin and eosin stain)

@ Springer

pelvic lymph nodes were harvested, fixed in 10% formalin,
embedded in paraffin blocks, and sectioned along the
greatest dimension.

Hematoxylin and eosin staining was performed, and
histological findings were recorded in the computer
database. Total number of lateral pelvic lymph nodes
evaluated was 462 (positive for metastasis, 22; negative
for metastasis, 440), with 420 non-metastatic mesorectal
lymph nodes being used for comparison. Factors of lymph
nodes evaluated were size, shape, and internal structure.
Long- and short-axes diameters were measured on the
pathologic slides. Shape was categorized into ovoid (round
or ellipse) and irregular (other than round and ellipse).
Heterogeneity of internal structure was categorized into
negative or positive. Heterogeneity was defined as positive
if the tumor deposit destroyed lymph follicle. Therefore,
this was the gold standard of metastasis.

Statistical analysis was performed using SPSS version
6.1 for Windows (SPSS Japan, Tokyo, Japan). Univariate
analysis was obtained with Mann—Whitney U test for
numeric data and Fisher’s exact test for categorized data.
Difference was considered significant when a p value was
less than 0.05. Multivariate analysis was performed by
logistic regression analysis.

Fig. 2 Non-metastatic mesorectal lymph nodes. Long-axis diameter,
5 mm or less, with ovoid shape and homogenous internal structure. A
black line indicates 5 mm (hematoxylin and eosin stain)
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Table 2 Comparison between non-metastatic and metastatic lateral
pelvic lymph nodes

Non- Metastatic p
metastatic LPLNs
LPLNs (440) (22)

Long-axis Mean 4.5 10.0 p<
diameter Range 0.3-22.0 3.0-25.0 0.00001
(mm)

Short-axis Mean 22 6.9 p<
diameter Range 0.3-10.0 2.0-16.0 0.00001
(mm)

Shape Ovoid 257 (59%) 14 (64%) ns
(number Irregular 183 (41%) 8 (36%)
of lymph
nodes)

LPLN Lateral pelvic lymph nodes, ns not significant

Receiver operating characteristic (ROC) curve analysis
was used to compare the diagnostic accuracy of each factor.
It represents that, when a ROC curve approaches nearest to
the point (0,1), both sensitivity and specificity are highest.
Area under ROC curve was used for the evaluation of an
optimal criterion. When both sensitivity and specificity are

Fig. 3 A metastatic lateral pelvic lymph node, 15 mm in a long axis
diameter with irregular shape and half heterogenous change in intenal
structure by tumor involvement (hematoxylin and eosin stain)
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Fig. 4 ROC curves in terms of lateral pelvic lymph nodes metastasis

100%, area under ROC curve indicates value 1, whereas
when both sensitivity and specificity are 0%, area under
ROC curve indicates value 0 [14-16]. In the ROC curve
analysis, areas under curves were represented to clarify
diagnostic accuracy of each factor. Long- and short-axes
diameters were analyzed as numeric data. Ovoid shape was
chosen as metastatic criteria because the majority of
metastatic nodes were ovoid (64% in metastatic lateral
pelvic lymph nodes). Presence of heterogeneity in internal
structure was used as a gold standard as metastasis because
all of metastatic nodes were heterogeneous due to tumor
involvement.

Results

Mean number of lateral pelvic lymph nodes harvested in
each case was 12 (range 1-38). Of these, mean number of
metastatic lateral pelvic lymph nodes was 1 (range 0-8) per
case. The number of mesorectal lymph nodes harvested in
each case ranged from 4 to 22, with a mean of 14. Of these,

Table 3 Logistic regression analysis for risk factor of metastasis

Odds ratio  95% Confidence interval p
Long-axis X X ns
diameter
Short-axis 1.29 1.22-1.36 <0.0001
diameter
Shape (ovoid) x X ns
ns Not significant
@ Springer
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mean number of metastatic mesorectal lymph nodes was 1
(range 0-9) per case.

As shown in Table 1, in the non-metastatic lymph node
groups, lateral pelvic lymph nodes appeared to be longer
than mesorectal lymph nodes in a long-axis diameter (mean
4.5 vs 3.5 mm, p<0.01), and shorter in a short-axis
diameter (mean 2.2 vs 2.6 mm, p<0.0001). Non-metastatic
lateral pelvic lymph nodes appeared to be long and irregular
in shape, whereas mesorectal lymph nodes were likely to be
ovoid (Figs. 1 and 2).

As shown in Table 2, although there was no significant
difference in terms of shape between metastatic and non-
metastatic lateral pelvic lymph nodes, long (mean 10.0 vs
4.5 mm, p<0.00001) and short-axis diameter (mean 6.9 vs
2.2 mm, p<0.00001) were significantly increased (Fig. 3).
As shown in Fig. 4, a short-axis diameter showed the
highest area under curve and was more reliable than either a
long-axis diameter or shape other than intemal structure in
the evaluation of lymph node metastasis. By multivariate
analysis, a short-axis diameter was the independent risk
factor for metastasis with an odds ratio of 1.29 (p<0.0001,
95% confident interval, 1.22-1.36; Table 3). A cut-off
value of lymph node metastasis was 4 mm in a short-axis
diameter (Fig. 4). Sensitivity was 96%, specificity was
68%, and overall accuracy was 82%, respectively.

Discussion

The characteristics of lymph nodes are different by the
location of nodes [17, 18]. It has already been reported in
the mediastinal lymph nodes in lung carcinoma [19, 20].
These reports suggested that distinguished cut-off value is
needed in each location of lymph nodes. However, in the
pelvic lymph nodes, such observation has not yet been
reported.

Although mesorectal lymph nodes have been well
discussed in terms of their characteristics [2—6], lateral
pelvic lymph nodes have seldom been discussed so far.
There was only one report from Canessa et al. [21]
describing size of lateral pelvic lymph nodes in disease-
free cadavers. However, they did not evaluate tumor-
bearing lateral pelvic lymph nodes. In the present study,
we found that the significant morphologic indicator of
metastasis was a short-axis diameter. There have been some
reports showing that a short-axis diameter was a more
reliable indicator of a metastatic lymph node than a long-
axis diameter due to its less oriented bias [22, 23]. A similar
finding was noted also in the present study. Clinical utility
of a short-axis diameter should be examined in the
preoperative imaging diagnosis of lymph node metastasis.

There are a lot of imaging tools to date such as ultra-
sonography, magnetic resonance imaging (MRI), multi-

Q_) Springer

detector or multislice computed tomography, sentinel
lymph node mapping, and positron emission tomography
(PET). However, preoperative diagnosis of lymph node
metastasis is still a challenge because of fatal drawbacks
such as micrometastasis or existence of slice intervals.
Some authors stated that sentinel lymph node biopsy for
lymph node metastasis was a useless procedure [24, 25].
Although PET scan is helpful to detect distant metastasis,
diagnostic ability in lymph node staging is still unsatisfac-
tory with approximately 50% of accuracy [26, 27]. In terms
of detection of lateral pelvic lymph node metastasis, Arii et
al. [13] has recently described that MRI is superior to CT
scan due to its high resolution. Hopefully, we would like to
address on this issue by using MRI in the next step.

Conclusions

Lateral pelvic lymph nodes tended to be longer and thinner
than mesorectal lymph nodes. A short-axis diameter was a
significant indicator for metastasis. A cut-off value of
metastatic lateral pelvic lymph node was 4 mm in a short-
axis diameter.
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