Surg Laparosc Endosc Percutan Tech » Volume 15, Number 2, April 2005

Laparoscopic Double-StapIing Technique

considered necessary. Exclusion criteria for LS were tumors
larger than 6 cm, a history of extensive adhesions, severe
obesity (body mass index >32 kg/m?), intestinal obstruction,
and refusal to undergo LS. The preoperative workup consisted
of a clinical investigation, barium enema, total colonoscopy,
chest x-ray, abdominal ultrasonography, and computed
tomography.

LS was contraindicated for patients with preoperative
diagnoses of T3 and T4 tumors in the middle and lower rectum
because, with the current instrumentation, it was difficult to
perform laparoscopic procedures without grasping and manip-
‘ulating the bowel or mesorectum near the tumor; our concern
was that this would result in accidental tumor spillage. Further-
more, lateral lymph node dissection combined with total
mesorectal excision remains the standard surgical procedure
for patients with T3 and T4 lower rectal carcinoma in Japan,
and lateral lymph node dissection by laparoscopy is still an
unexplored frontier.'*"'¢ As a result, some patients were found
to have T3 cancer only afier histopathological examination of
the surgical specimens. Preoperative or postoperative radiation
therapy was not performed in this series because of the low
local recurrence rate in patients with T1-T3 lower rectal
carcinoma without preoperative radiation.'*'®

Patients were divided into 3 groups: sigmoid colon/recto-
sigmoid carcinoma, upper rectal carcinoma, and middle/lower
rectal carcinoma. For the patients with rectal carcinoma, a
primary rectal carcinoma was defined according to its distance
from the anal verge as determined by colonoscopy. The tumors
were grouped into lower rectum (0-7 cm), middle rectum
(7.1-12 cm), and upper rectum (12.1-17 cm). We combined
patients with middle and lower rectal carcinoma as a group
because laparoscopic techniques for rectal transection and
DST anastomosis were almost same: anastomosis located
below peritoneal reflection.” Patients with lesions located
within 2 cm of the dentate line who underwent laparoscopic
intersphincteric rectal resection and hand-sewn coloanal anas-
tomosis were excluded from the present study. This surgical
technique has been described previously.'” Conversion to open
surgery was defined as any incision greater than 7 cm, ex-
cluding cases in which the incision was enlarged due to a large
specimen size that could not be removed with a 7-cm incision.

Laparoscopic Technique
Laparoscopic resection techniques have previously been
described, with minor modifications.”” Initial port placement
was performed using the open technique, and pneumoperito-
neum was induced using carbon dioxide. Two 5-mm ports
were then inserted in the left lower midabdominal and the left
lower quadrant regions, and 2 other 12-mm ports were inserted
in the mid-lower and the right midabdominal regions under
laparoscopic guidance.
The left colon was initially mobilized laterally to medi-
ally until the left ureter and superior hypogastric nerve plexus
- were identified. The mobilization of splenic flexure was per-
formed if necessary. Usually, Japanese patients have a long
sigmoid colon, and if the surgeon preserves 1 or 2 arcades of
marginal vessels of sigmoid colon by division of sigmoidal
arteries between superior rectal artery and marginal vessels,
mobilization of splenic flexure becomes unnecessary; thus,

© 2005 Lippincott Williams & Wilkins

116

splenic mobilization was performed in only about 20% of our
patients. Then, a window was made between the mesocolon
containing the arch of the inferior mesenteric vessels and the

* superior hypogastric nerve plexus, starting at the bifurcation,

with support from an assistant holding the sigmoid mesocolon
ventrally under traction and to the left using a 5-mm bowel
grasper through the left lower quadrant port. After the dis-
section, proceeding to the origin of inferior mesenteric artery,
taking care not to injure the superior hypogastric nerve plexus
and the roots of the sympathetic nerves, intracorporeal high
ligation of the inferior mesenteric artery was performed. After
cutting the inferior mesenteric vein and left colic artery, mobi-
lization of the rectum and mesorectum was performed. The
avascular plane between the intact mesorectum anteriorly and
the superior hypogastric nerve plexus, right and left hypo-
gastric nerves, and Waldeyer fascia posteriorly was entered by
sharp dissection and extended down to the level of the levator
muscle for middle and lower rectal carcinomas, taking care to
protect the pelvic nerves. For proximal sigmoid colon car-
cinoma, the mesentery at the promontory was excised rou-
tinely using ultrasonic shears (laparoscopic coagulating shears
{LCS], Ethicon Endo-Surgery Inc, Cincinnati, OH) or an
endolinear stapler (Endo GIA Universal, Tyco Healthcare,
Auto Suture Co, US Surgical Corp, Norwalk, CT). For recto-
sigmoidal and upper rectal lesions, mesorectal tissue extend-
ing down to 5 cm below the tumor was excised routinely using
LCS. Middle and lower rectal tumors were treated by total
mesorectal excision. Immediately before rectal transection,
laparoscopic rectal clamping was performed just above the

anticipated point of rectal transection, using a bowel clamping

device (Fig. 1) introduced through the 12-mm mid-lower port.
A distinct advantage of this device is that the bowel clamp at
the head of the device can be easily bent intraabdominally
without reducing the grasping strength. Rectal washout was
performed routinely using 1000 mL of a 5% povidone-iodine
solution. Rectal transection was then performed by a multiple-
firing technique, using Endo GIA Universal staples, intro-
duced through the 12-mm right midabdominal port.'® If the
rectal transection was not completed after the first cartridge,
the stapler line for the second cartridge was carefully posi-
tioned on the anal side stapler line of the first cartridge. The
third and fourth firings were performed in the same way. A
4- to 5-cm incision was then made over the mid-lower 12-mm
port site, and the bowel was exteriorized under wound protec-
tion and divided with appropriate proximal clearance. After
inserting the anvil head of the circular stapler into the end of
the proximal colon, the proximal colon was internalized and
the incision was closed. Intracorporeal anastomosis under a
laparoscopic view was performed by means of the DST, using
a circular stapler (ECS 29 or 33 mm, Ethicon Endo-Surgery
Inc). After the insertion of the body of the circular stapler into
the anus, the puncturing cone was pushed through the mid-
point of the linear staple line. In patients in whom 2 or more
linear stapler cartridges were used for rectal transection, the
puncturing cone was pushed near the crossing point of the first
and second stapler lines.

The anastomotic air leakage test was performed if the
“doughnuts” were incomplete, Patients with a low anastomo-
sis within 1 cm from the dentate line and incomplete doughnuts
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FIGURE 1. Bowel clamping device. A distinct advantage of this
device is that the bowel clamp at the head of the device can be
easily bent intraabdominally without reducing the grasping
strength.

underwent a covering ileostomy. However, the decision to
perform a protective ileostomy in this series was based on
much looser criteria than those used in OS to avoid major
anastomosis complications that could lead to a permanent
stoma or a fatal outcome, especially in the early LS cases of
lower rectal carcinoma.

Study Parameters

The parameters analyzed included gender, age, body
mass index, prior abdominal surgery, operative time, operative
blood loss, number of stapler cartridges fired and the length of
the first stapler cartridge for rectal transection, conversion rate,
days to resume diet, length of postoperative hospital stay, and
both intraoperative and postoperative complications within 30
days of surgery. Pathologic staging was performed according
to Duke’s stage.

Statistical Analysis

Statistical analysis was performed using the X’ test,
Kruskal-Wallis test with Bonferroni correction, and repeated-
measure analysis of variance (ANOVA) with the Scheffe
method when appropriate. A P value of <0.05 was considered

significant.
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RESULTS

The patient demographics are summarized in Table 1.
No significant differences were observed in baseline character-
istics among the 3 groups. In the middle/lower rectum group,
anastomosis was performed <3 c¢m from the dentate line in
7 patients and >3 cm but below the peritoneal reflection in 3
patients. We performed an anastomotic air leakage test in 2
patients with lower rectal carcinoma and did not find any sign
of air leakage; however, both patients underwent a protective
ileostomy. Overall, a protective ileostomy was required in 4
patients, and a transverse coloplasty pouch was created in 1
patient.

The number of patients in relation to the number of
stapler cartridges used for rectal transection in each group is
shown in Table 2. The number of cartridges required during
bowel transection was significantly increased in patients with
middle/lower rectal carcinomas compared with the other groups.
Similarly, significant differences were observed in the length
of the first stapler cartridge fired for rectal transection (Table 3).
In patients with middle/lower rectal carcinomas, the length of
the first stapler cartridge was 45 or 30 mm, and it was 45 or 60
mm for proximal lesions.

Operative and postoperative results are shown in Table
4, Mean operative time and blood loss were significantly
greater in the middle/lower rectum group. All the operations
were completed laparoscopically. We did not experience any
accidental intestinal perforations at or near the tumor site.
Liquid and solid food was started at a median of 1 and 3
postoperative days in all groups. The median length of post-
operative hospitalization was 89 days. No significant differ-
ences were observed in the postoperative course among the 3
groups. All patients were discharged home.

The postoperative complications are listed in Table 5.
There were no perioperative mortality and no anastomotic
leakage. Reoperation of a laparoscopic division of an adhesive
band for a postoperative small bowel obstruction was nec-
essary in 1 patient with sigmoid colon carcinoma. No signif-
icant differences were observed in complication rates among
the 3 groups.

TABLE 1. Patient’s Characteristics*

Sigmoid
Colon/ Middle/Lower
Rectosigmoid Upper Rectum Rectum
No. of patients 36 21 10
Sex ratio :
(male:female) 22:14 10:11 8:2
Age ¥) 59 (30-79) 59 (37-73) 60 (47-76)
Body mass index
(kg/m?) 23.5(18.9-29.0) 24.1 (17.5-32.4) 238 (19.5-26.4)
Prior abdominal
surgery (%) 6(17) 5(24) 5(50)
Duke’s stage
A 27 16 7
B 1 0 0
C 7 3 3
D 1 2 0

*Values are means (range), P > 0.05.
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TABLE 2. Number of Patients in Relation to the Number of
Stapler Cartridges Fired for Rectal Transection*

No. of
Stapler Cartridges Sigmoid Upper Middle/Lower
Fi Colon/Rectosigmoidf Rectumi Rectum
1 25 8 0
2 9 12 2
3 2 1 6
4 0 0 2

*P < 0.01 between groups, Kruskal-Wallis test.
iP< Q.Ol versus middle, lower rectum/Boneferroni test.

DISCUSSION

In the present study, short-term outcomes were com-
pared among different tumor sites in patients who underwent
laparoscopic intracorporeal rectal transection with double-
stapling technique anastomosis. The closer the tumor site was
to the anus, the more the number of stapler cartridges needed
for rectal transection increased and the use of a longer Endo
GIA Universal stapler cartridge was significantly restricted,
suggesting that rectal transection for Lap-LAR in patients with
middle/lower rectal carcinomas may be a difficult and stressful
procedure. In the present study, however, the complication rate
did not increase despite lower anastomotic sites. With thor-
ough and careful intracorporeal rectal transection and DST
anastomosis, the safety of Lap-LAR may be established.

Minimum invasiveness is often noted as one of the
merits of LS in comparison with OS for colorectal cancer.'*-%>
But even recently, some studies have reported that minimal or
no short-term benefits were found with LS compared with
standard OS.>*?6 Reviewing these reports raises a question
about the conversion rate. Even granting that LS has a lower
surgical invasiveness than OS, there is a possibility that the
treatment outcomes of LS will be contaminated by the treat-
ment outcomes of OS, when the conversion cases are included
in the LS group, based on the intention-to-treat principle. In
the study by Weeks et al,?® who reported a conversion rate of
25%, LS showed only minimal short-term quality-of-life ben-
efits compared with OS in an intention-to-treat analysis, prob-
ably due to the high conversion rate. Moreover, they pointed
out that patients assigned to laparoscopy-assisted colectomy
who required intraoperative conversion to open colectomy had
slightly poorer quality-of-life outcomes than patients who

TABLE 4. Operative and Postoperative Results

Sigmoid Upper Middle/Lower
Colon/Rectosigmoid Rectum Rectum
Operative time,*
*  min (range) 221 (135-348)+ 244 (190-328)+ 315 (190-392)
Blood loss,* mL
(range) 29 (6-161)1 24 (10-198)t 124 (17-265)
Conversion 0 0 0
Liquid intake,
d (range) 1(14) 1(1-3) (b
Solid food,
d (range) 3 (2-5) 3334 3 (2-4)
Hospital stay, :
d (range) 8 (7-12) 8 (7-11) 9 (7-17)

*P < 0.01 between groups, repeatéd-measure analysis of variance.
tP < 0.01 versus middle/lower rectum, Scheffe test.
1P < 0.05 middie/lower rectum, Scheffe test.

successfully underwent minimally invasive resection, and that
the length of postoperative hospital stay in the LS group re-
quiring conversion was longer than that in patients assigned to
OS (7.4 vs. 6.4 days), although statistical analysis was not
performed regarding these points. If the conversion patients
did not show a worse outcome than those undergoing OS,
patients who might benefit from LS should be considered as
candidates for LS. Further studies are necessary to evaluate
postoperative and oncological outcomes of patients assigned
to laparoscopy-assisted colectomy who then require intra-
operative conversion.

The results of the current study suggested that laparo-
scopic approaches to middle/lower rectal carcinoma do not
compromise early postoperative recovery, such as days to oral
feeding and length of hospitalization. Previous studies reported
an anastomotic leakage rate of 5.7% to 21% in patients
undergoing Lap-LAR.*'? Some authors have recommended
a covering ileostomy as a routine step in Lap-LAR.%!%?7
At present, patients with a preoperative diagnosis of TI-T2,
middle/lower rectal carcinoma are required to decide whether
they prefer to undergo OS or LS, after being given full in-
formation at our institution.

TABLE 5. Morbidity and Mortality*

Sigmoid
Colon/ Upper- Middle/Lower
Rectosigmoid Rectum Rectum
TABLE 3. Length of the First Stapler Cartridge Fired for Mortality 0 o0 0
Rectal Transection* : Morbidity
Length of the Wound sepsis 2 1 0
First Stapler Sigmoid Upper Middle/Lower Bowel obstruction 1 0 1
Cartridge (mm)  Colon/Rectosigmoid?  Rectumt Rectum Urinary tract infection 1 0 0
60 34 16 0 Abscess 0 0 1
45 9 5 7 Neurogenic bladder 0 1 0
30 0 0 3 Anastomotic leakage 0 0 0
Total 4 2 2
*P < 0.01 between groups, Kruskal-Wallis test.
TP < 0.01 versus middle/lower rectum, Boneferroni test. *P > 0.05.
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In this study, the authors evaluated the safety of laparo-
scopic rectal transection using an endolinear stapler, which is
one of the most technically difficult procedures in Lap-LAR.
To date, we have not observed serious complications, such as
anastomotic leakage. However, this surgical procedure remains
technically difficult. We consider that this method should not
be attempted if it is not performed by a laparoscopic surgical
team with sufficient experience in LS. Regarding a surgical
procedure that can be placed between OS and Lap-LAR,
Vithiananthan et al*® reported a hybrid method. In their pro-
cedure, they mobilized the left-sided colon and completed
high ligation of the inferior mesenteric vessels with the use of
the pneumoperitoneum, and then, from the inferior midline
incision measuring 8 cm or longer, they performed rectal
mobilization, mesorectal division, rectal transection, and anas-
tomosis by DST using the OS tools. They noted that the mean
incision length was 11.1 cm, which is longer than in Lap-LAR
but shorter than in OS and that the patients treated with this
method showed a significantly faster postoperative recovery
than those treated with OS. Hand-assisted laparoscopic sur-
gery may also be another treatment option.?® However, com-
pared with the standard Lap-LAR technique evaluated in this
study, both of these methods may need a larger incision. With
the surgeon’s proficiency in the surgical procedure and the
improvement in and development of instruments, the safety of
standard Lap-LAR will probably be established; however, it is
important to remember that this surgical technique cannot be
employed at an early stage of the learning curve of laparo-
scopic surgery. -

In conclusion, the findings of the present study demon-
strate that laparoscopic intracorporeal rectal transection with
DST anastomosis can be performed safely without increased
morbidity or mortality. Even at present, there are few pro-
spective, randomized trials investigating the short-term and
oncological outcomes in patients with middle/lower rectal
carcinoma, perhaps mainly because Lap-LAR has not been
widely performed compared with LS for colon/upper rectal
carcinoma due to the technical difficulties. The radical resec-
tion of middle/lower rectal cancers is a procedure that requires
advanced technical skills in OS, to say nothing of Lap-LAR;
however, we believe that use of Lap-LAR for middle/lower
rectal carcinoma will expand with improvements in technology
and surgeons’ experience in the near future.
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Thin-Section MRI with a
Phased-Array Coil for Preoperative
Evaluation of Pelvic Anatomy and
Tumor Extent in Patients with

Rectal Cancer

OBJECTIVE. The aim of our study was to assess the accuracy of thin-section MRI per-
formed with a phased-array coil as a technique for the preoperative evaluation of pelvic anat-
omy and tumor extent in patients with rectal cancer.

CONCLUSION. Thin-section MRI with a phased-array coil is accurate and reliable for
preoperative evaluation of pelvic anatomy and depth of transmural tumor invasion. Thus, it may
be helpful in the selection of the appropriate treatment for patients with rectal cancer.

he principal problems associated
- | with rectal cancer treatment are tu-

mor recurrence and impairment of
anorectal and genitourinary func-

tions after surgery. For a patient with rectal
cancer to achieve a better prognosis and quality
of life, the extent of surgery should accurately
reflect the disease status. The internal and ex-
ternal anal sphincters, which are essential for
anorectal function, are adjacent to the rectum.
The pelvic autonomic nervous system—con-
sisting of the hypogastric plexus, hypogastric
nerves, and pelvic plexuses—is essential for
genitourinary functions and is adjacent to the
mesorectal fascia surrounding the mesorectum
[1]. The mesorectum is defined as the lym-
phovascular, fatty, and neural tissue that is cir-
cumferentially adherent to the rectum [2].
Therefore, excessive resection easily leads to
unnecessary damage of anorectal and geni-
tourinary functions, whereas insufficient re-
section inevitably leads to tumor recurrence.
Indeed, reported incidences of permanent
stoma, erectile dysfunction, urinary dysfunc-
tion, and local recurrence generally are 34%
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31, 45% [4], 58% [5], and 22-27% [6, 7}, re-
spectively. However, the incidences of these
outcomes in a series of patients who received
ideal treatment from experts were reported to
be only 6% [8], 13% [9], 5% [9], and 5-7% [9,
10], respectively.

Treatment options should be selected ac-
cording to the extent of the tumor. In general,
T1 tumors invading the superficial submu-
cosa can be effectively treated by local exci-
sion, which is ‘minimally invasive and
promises excellent maintenance of anorectal
and genitourinary functions [11]. T1 tumors
invading the deep submucosa, T2 tumors in-
vading the muscularis propria, or T3 tumors
invading the perirectal fat slightly but remain-
ing within the mesorectal fascia can be treated
by mesorectal excision, which maintains
good genitourinary functions and fair anorec-
tal function if the anal sphincter can be pre-
served [8-11]. Patients with T3 tumors
invading the mesorectal fascia or T4 tumors
invading the neighboring organs require more
radical surgery, and preservation of genitouri-
nary functions is more difficult.
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Randomized controlled studies have
shown that adjuvant preoperative radiation
therapy is effective for reducing local recur-
rence and prolonging survival in patients with
rectal cancers, especially those with T3 tu-
mors or node-positive cancer {6, 7]. Thus pre-
operative radiation therapy is becoming
standard treatment for advanced rectal cancer.
However, surgery alone can achieve local
control in almost all T1 or T2 tumors and in
many cases in T3 tumors as well. In addition,
radiation therapy is complicated by toxicity
[12], so the adjuvant therapy adopted also
should reflect the accurate disease status.

The extent of tumor spread is generally
evaluated using digital examination, endorec-
tal sonography, CT, and MRI. The accuracy
rates of endorectal sonography in the evalua-
tion of the depth of transmural tumor invasion
have been reported to be 82-88% [13, 14},
and the technique has been described as supe-

TNM Classification of

1/:\:1 XN Transmural Tumor
Invasion Depth
T Stage Definition

Tis |Carcinoma in situ
T1  |Tumor invading submucosa
T2  {Tumor invading muscularis propria

T3  |Tumor invading through muscularis
propria into subserosa or into
nonperitonealized pericolic or
perirectal tissues

T4  |Tumor directly invading other organs or
structures and/or perforating visceral

peritoneum
Criteria for MRI Staging of
Rectal Cancer

T Stage MRI Criteria

T1  |Tumor signal intensity confined to
submucosal layer—signal intensity
low compared with high signalintensity
of the adjacent submucosa

T2  |Tumor signal intensity extends into
muscle layer, with loss of interface
between submucosa and circular
muscle layer

T3  |Tumor signal intensity extends through
muscle layer into perirectal fat, with
obliteration of interface between
muscie and perirectal fat

T4  |Tumor signal intensity extends into

adjacent structure or viscus

532

Akasu et al.

rior to.others for preoperative staging {15-
17]. However, endorectal sonography is not
applicable for stenosing tumors; further im-
provements are necessary for optimum tailor-
ing of treatment for the individual patient.
Recent advances in medical imaging have

shown that thin-section MRI performed with .

a phased-array coil is accurate and useful for
preoperative evaluation of the extent of rectal
cancer [18, 19). Thus, we used a new phased-
array coil that originally was developed to
permit the early diagnosis of pancreatic can-
cer. Our previous study [unpublished] showed
that this coil is superior to the conventional
body coil, as indicated by the signal intensity
distributions. The purpose of this study was to
evaluate accuracy of thin-section MRI per-
formed with this coil for the preoperative
evaluation of pelvic anatomy and tumor ex-
tent in patients with rectal cancer.

Subjects and Methods

Between June 2001 and April 2002, 34 consecu-
tive patients with primary rectal cancer proven by bi-
opsy were examined with thin-section MRI using a
phased-atray coil for the preoperative evaluation of
tumor extent. The patients were 25 men and nine
women with a median age of 57 years (age range,
34-82 years). Of the 34 mmors in the patients, two
were in the upper rectum, or 10-15 cm from the anal
verge; seven were in the middle rectum, or 5-10 cm
from the anal verge; and 25 were in the lower rectum,
or less than 5 cm from the anal verge. None of the pa-
tients received preoperative radiation therapy. In-
formed consent was obtained from all patients.

MRI was performed preoperatively and inter-
preted by one gastrointestinal radiologist and one
colorectal surgeon who were blinded to the findings
of the digital rectal examination, endorectal sonog-
raphy, and CT. The resected specimens were histo-
pathologically examined by pathologists who were
blinded to the findings of the preoperative evalua-
tion of tumor extent. The depth of transmural tumor
invasion was assessed according to the TNM clas-
sifications [20] (Table 1) for both MRI and histo-
pathologic examinations, and results were
compared prospectively.

MRI Methods

The patients received a 150-mL glycerin enema
before examination and were placed in a supine,
head-first position. No air insufflation was used, but
an intramuscular antispasmodic was administered.
We used a 1.5-T whole-body system (VISART/EX
Scanner, Toshiba Medical Systems) and placed a
wraparound quadrature phased-array coil (Pancre-
atic QD paired array coil, Toshiba Medical Systems)

. at the patient’s pelvis. Initially, sagittal T2-weighted
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fast spin-echo images (TR/TE, 4,000/120; echo-train
length, 23; slice thickness, 6 mm; gap, 1.2 mm; sig-
nal averages; 4; matrix, 166 x 256; field of view, 15
x 15 cm) of the pelvis were obtained. These images
were used to plan T2-weighted thin-section axial im-
aging. Axial T2-weighted thin-section fast spin-echo
images (9,500/120; echo-train length, 23; slice thick-
ness, 3 mm; gap, O mm; signal averages; 4; matrix,
166 x 256; field of view, 15 x 15 cm) of the pelvis
were then obtained.

MR Image Interpretation

One experienced gastrointestinal radiologist and
one experienced colorectal surgeon who had no
knowledge of the clinical and histopathologic data
interpreted each MR image in consensus on the
workstation monitor. Distance was measured with
electronic calipers. The reviewers assessed the visu-
alization of the rectal mucosa, submucosa, muscu-
laris propria (inner circular and outer longitudinal
muscle layers), and mesorectal fascia; depth of the
transmural invasion by the tumor; mesorectal in-
volvement by the tumor; visualization of the
branches of the named arteries stuch as the superior
rectal and the internal iliac arteries; visualization of
the mesorectal and extramesorectal lymph nodes;
numbers of detected lymph nodes; and smallest
short-axis diameters of the lymph nodes.

The depth of transmural invasion by each tumor
was categorized according to the TNM classifica-
tion [20] (Table 1) and was assessed according to
the reported criteria [18] (Table 2). In accordance
with the findings of Brown et al. [18], we did not re-
gard the presence of spiculation within the fat alone
as sufficient evidence of extramural invasion. Small -
interruptions of the outer contours of the muscle
coat were also not regarded as sufficient for diag-
nosis of a T3 lesion. To further evaluate agreement
in the assessment of invasion depth, reviewers per-
formed second interpretations after an interval of at
least 4 months.

Histopathologic Study

All patients underwent radical surgery. The me-
dian interval between MRI and surgery was 22 days
(range, 1-55 days). Procedures performed were
mesorectal excision [8—10] in 30 patients (low an-
terior resection in 24 and abdominoperineal resec-
tion in six), pelvic exenteration in three, and pelvic
exenteration with partial sacrectorny in one. Imme-
diately after surgery, resected specimens were
opened on the side opposite the tumor and fixed in
10% formalin, After fixation, we obtained serial
slices through the whole tumor in Tis—T2 cases or
through more than two sections of the deepest part
of the tumor in T3 or T4 cases. The slices were em-
bedded in paraffin, sectioned, and examined histo-
logically after H and E staining. The depth of
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Fig. 1.—864-year-old woman with pT3 rectal carcinoma.

MRI of Patients with Rectal Cancer

A, Unenhanced T2-weighted fast spin-echo image shows rectal mucosa {m} as low-intensity, submucosa (sm) as high- mtensnty muscularis propna (mp) as low-intensity, and
perirectal fat {pf) as high-intensity fayers. Signa! intensity of tumor (T) is higher than that of proper muscle layer but Iower than that of submucosa. Tumor is seen invading

through muscularis propria (arrowheads).

B, Photograph of histologic specnmen reveals tumor mvadmg through musculans propna (stage pT3) (arraws)

transmural tamor invasion was classified according
to the TNM classification (Table 1) [20].

' Identification of the Pelvic Plexuses
Postoperative MR images were compared with

ones obtained preoperatively in two patients so that _
the exact locations of the pelvic plexusm—whlch :

are essential for genitourinary function—could be
identified. During surgery, metal hemostatic
clips had been applied to the cut ends of the mid-

‘Fig. 2-—42-year-old man with pT2 rectal carcinoma.

dle rectal arteriesA and veins on the inner surfaces

of the pelvic plexuses. These clips facilitated

identification of the pelvic plexuses on postoper-

ative MR images.

" Statistical Methods

The agreement regarding' MRI- determmed and

histologically determined tumor stage was assessed

with the weighted kappa statistic, as was the agree-
ment between the first and second interpretations.

Results

All patients tolerated the thm—sectlon
MRI examination well. The total scanning
time was about 20 min. Although motion ar-
tifacts complicated findings in five patients

“(15%), the images were of sufficient quality
" to -allow assessment. The histologic diag-

noses were well-differentiated adenocarci-
noma in 11 patients, moderately differentiated
adenocarcinoma in 16, poorly differentiated

A, Unenhanced T2-weighted fast spin-echo image shows mesorectal fascia (arrawheads) .as fine linear
hypointense structure enveloping mesorectum. Tumor (T) is revealed as being confined in musculans propria (mp)

and was staged as T2.

- B, Photograph of histologic specnmen shows tumor Gonfined in muscularis propria (stage pT2).
€, Unenhanced T2-weighted fast spin-echo image shows internal sphincter muscle (i} and puborectalis muscle (p)
as low-intensity layers separated by hyperintense intersphincteric plane.
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" adenocarcinoma in two, mucinous adenocar-
cinoma in four, and linitis plastica carci-
noma in one. The histologic transmural
invasion depths were pT1 in four patients,
pT2 in nine, pT3 in 15, and pT4 in six. The
mesorectal fascia was involved in eight pa-
tients. The median tumor diameter was 4.1
cm (range, 1.5-9.0 cm).

Visualization of the Pelvic Anatomy

In all patients, the rectal mucosa was visu-
alized as a low-intensity layer; the submu-
cosa, as a high-intensity layer; the muscularis
propria, as a low-intensity layer; and the peri-

Akasu et al.

rectal fat, as a high-intensity layer (Fig. 1).
However, the inner circular muscle and outer
longitudinal muscle layers could be distin-
guished only in three patients (9%). The me-
sorectal fascia was consistently depicted as a
fine linear hypointense structure enveloping
the mesorectum in all patients (Fig. 2A). In all
patients, the internal and external sphincter
muscles were shown as low-intensity layers
separated by a hyperintense intersphincteric
plane (Fig. 2C).

The first, second, third, and fourth
branches of the superior rectal artery were
seen as hypointense vascular structures in 34
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Fig. 3.—65-year-old man with rectal carcinoma.

A-D, Unenhanced T2-weighted fast spin-echo images
reveal main trunk (A, arrowhead) and first (B, arrow-
heads), second (C, arrowheads), and third (D, arrow-
heads) branches of superior rectal artery seen as
hypointense vascular structures. e = external iliac
artery, i = intemal iliac artery.

E, Unenhanced T2-weighted fast spin-echo image reveals
obturator lymph node {arrowhead) and mesorectal iymph
node {black arrow), displaying lower signal intensity than
that of perirectal fat but higher signal intensity than those
of arteries and veins. 0 = obturator artery.

(100%), 34 (100%), 31 (91%), and 11 pa-
tients (32%), respectively (Figs. 3A~3D). The
bilateral obturator arteries branching from the
internal iliac arteriecs were shown as hy-
pointense vascular structures in all patients
(Fig. 3E). :
The lymph nodes were identified as having
lower signal intensity than the perirectal fat
but as having higher signal intensity than the
arteries and veins (Fig. 3E). In patients with
mucinous carcinoma, metastatic lymph nodes
were shown as hyperintense nodules alone or
as hyperintense nodules within hypointense
nodules. The shapes of the lymph nodes were

Fig. 4.—42-year-old man with rectal carcinoma.

A and B, Comparison of pre- and postoperative MR
images show pelvic plexuses are located just outside
mesorectal fascia. MR image obtained before surgery (A}
shows pelvic plexuses (white arrows). Postoperative MR
image {B) shows one of metal hemostatic clips thatwere
applied to inner surfaces of pelvic plexuses during sur-
gery to mark their exact locations (black arrow).
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spherical or spheroidal, so that they could be
distinguished easily from vascular structures.
The mesorectal lymph nodes were apparent in
all patients (Fig. 3E); the median number de-
tected was five (range of nodes detected, 1-
12). The median short-axis diameter of the
smallest detected lymph nodes was 2.7 mm
(range, 1.3-8.3 mm). The iliac or obturator
lymph nodes were detected in only nine pa-
tients (33%) (Fig. 3E); the median number
detected was O (range of nodes detected, 0—4).
The median short-axis diameter of the small-
est detected lymph nodes was O mm (range,
0-8.2 mm).

Comparisons of preoperative and postop-
_ erative MR images showed the pelvic plex-
uses to be located just outside the mesorectal
fascia (Figs. 4A and 4B). However, even with
metal hemostatic clips applied during sur-
gery, the plexuses themselves could not be vi-
sualized on thin-section MRI.

Assessment of the Depth of Transmural
Tumor Invasion - :
All rectal cancers were detected on thin-
‘section MRI and, in most patients, showed
higher signal intensity than the proper muscle
layer but lower signal intensity than the sub-
mucosa (Fig. 1A). However, linitis plastica
carcinoma showed signal intensity as low as
that of the proper muscle layer, and mucinous

carcinoma showed a signal intensity that was -

-higher than that of the submucosa in parts of
the mucous lakes.

At the first - interpretation, MRI staging

- agreed with the histologic staging in 28 (82%)

of 34 patients (weighted x = 0.82; 95% confi-

dence interval -[CI], 0.69-0.95). Detailed re-

sults of the MRI staging are shown in Table 3.

MRI of Patients with Rectal Cancer

Sensitivity, specificity, overall accuracy rate,
positive predictive value, and negative predic-
tive value for detection of proper muscle inva-
sion (T2) were 97% (29/30), 100% (4/4), 97%

(33/34), 100% (29/29), and 80% (4/5), respec-

tively (Fig. 2). Those values for detection of
perirectal fat invasion (T3) were 95% (20/21),
77% (10/13), 88% (30/34), 87% (20/23), and
91% (10/11), respectively (Fig. 1). For detec-
tion of adjacent organ invasion (T4), the re-
spective values were 100% (6/6), 96% (27/28),
97% (33/34), 86% (6/7), and 100% (27/27).
The values for detection of the mesorectal fas-
cia involvement were 100% (8/8), 100% (26/
26), 100% (34/34), 100% (8/8), and 100% (26/
26), respectively (k = 1.0) (Fig. 5).

At the second interpretation, MRI staging
agreed with the histologic staging in 29 (85%)
of 34 patients (weighted x = 0.85; 95% CI,
0.74-0.97). Sensitivity, specificity, overall ac-
curacy rate, positive ﬁredictive value, and
negative predictive value for detection of
proper muscle invasion (T2), adjacent organ
invasion (T4), and mesorectal fascia involve-
ment were the same as those for the first in-
terpretation. Those values for detection of
perirectal fat invasion (T3) were 95% (20/21),
85% (11/13), 91% (31/34), 91% (20/22), and
92% (11/12), respectively. The agreement of
the first and second interpretations on the

depth of transmural invasion depth was good -

(x =0.87; 95% C1, 0.73-1.0).
Of the six cases in which staging errors

“were encountered at the first interpretation,

four were overstaged, and two were under-
staged (Table 3). Histologic review of the
specimens revealed that in three of the over-
staged cases, the tumor invaded close to the
deeper uninvolved layer and reactive changes

Depth of Transmural
Tumor Invasion in Rectal
Cancer: Comparison of
MRI and Histopathologic
Findings

TABLE 3

MRI

Histology

pT n T T2 T3 T4
pTt 4 4

pT2 |~ 9 1 5 3
pT3 | 15 1 13 1
“pTa | 8 : 6

Note.—n =number of patients, T = MRI classification,
pT = patholagic classification.

were present in the connective tissue around
the tumor, including inflammatory cell aggre-
gation, desmoplastic change, and hypervas-
cularity (Fig. 6). In addition, the deepest part
of the tumor was not sectioned vertically on
MRI but was sectioned obliquely, so that in-
terpretation was difficult (Fig. 7). Histologic
review of the two understaged cases revealed
that they had only microscopic invasion be-
yond the estimated involved layers and that
reactive changes of the connective tissue
around the tumor were either only very slight
or absent.

Discussion

As these results show, thin-section MRI
performed with a quadrature phased-array
coil has sufficient accuracy to depict fine de-
tails of the rectal wall (mucosa, submucosa,
and muscularis propria), the anal sphincter,
the mesorectum (perirectal fat; superior rectal

‘artery and vein and their branches; lymph

Fig. 5.—44-year-old man with pT3 rectal carcinoma involving mesorectal fascia.

A, Unenhanced T2-weighted fast spin-echo image shows tumor {arrow) involving mesorectal fascia (arrowheads).

B, Photograph of histologic specimen reveals tumor {arrow) involving mesorectal fascia (arrowheads).
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Fig. 6.—80-year-old man with pT2 rectal carcinoma.
A, Tumor {T) was overstaged as T3 because spiculation {arrowheads) was interpreted as cancer invasion on unenhanced T2-weighted fast spin-echo image..

B, Photograph of histologic specimen reveals tumor confined in muscularis propria {stage pT2). However, reactive changes in connective tissue around tumor, including des-
moplastic change and hypervascularity {arrows), can affect MRI findings and mimic tumor invasion.

node; and mesorectal fascia), and the ex-
tramesorectal structures (internal iliac artery
and vein and their branches; and lymph node)
clearly in every patient. Fourth branches of
the inferior mesenteric artery and lymph
nodes measuring 2 mm could be visualized in
most patients. In addition, although the pelvic
plexuses per se could not be visualized on our
thin-section MRI, we identified their exact lo-
cations just outside the mesorectal fascia via
metal hemostatic clips placed on their inner
surfaces during surgery and comparisons of
preoperative and postoperative MR images.
Previous studies using similar instruments
also provided precise images of the rectal and
pelvic anatomy [18, 19]. Brown et al. [18] re-
ported that their technique had an in-plane
resolution of 0.6 x 0.6 mm and allowed differ-

Fig. 7.—56-year-old woman with pT2 rectal carcinoma.
A, Tumor (T) was overstaged as T3 because site of deepest invasion (arrowheads) was sectioned obliquely on MRI and mimicked cancer invasion beyond musculans propria (mp)
B, Photograph of histologic specimen reveals tumor confined in muscularis propria (stage pT2).
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entiation of the inner circular and outer longi-
tudinal muscle layers. We could distinguish
the layers in only 9% of the patients, but such
differentiation is not clinically important be-
cause treatment for the tumor invading the in-
ner muscle is the same as that for the tumor
invading the outer muscle.

All intraluminal cancers measuring more
than 1.5 cm were detected. Most tumors
showed a signal intensity that was higher than
that of the proper muscle layer but lower than
that of the submucosa, as has been reported
previously [18, 19]. In addition, we found that
linitis plastica carcinoma had a signal inten-
sity that was as low as that of the proper mus-
cle layer and that mucinous carcinoma had a
signal intensity higher than that of the submu-

cosa in parts of the mucous lakes. These find-

ings are useful for predicting histologic
diagnosis and may contribute to treatment se-
lection because they are risk factors for a poor
prognosis [21-23]. However, whether the his-
tology of the tumor affects staging accuracy
could not be determined because of the lim-
ited number of patients studied.

In our prospective study, we performed un-
enhanced thin-section MRI (slice thickness, 3
mm) on a 1.5-T scanner with a quadrature
phased-array coil. The depth of transmural tu-
mor invasion and mesorectal fascia involve-
ment were predicted correctly in 82% and
100% of the patients, respectively. In their ret-
rospective evaluation, Beets-Tan et al. [19]
used contrast-enhanced thin-section MRI
(slice thickness, 3 mm) on a 1.5-T scanner
with a quadrature phased-array spine coil and
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reported that the depth of transmural tumor
invasion and mesorectal fascia involvement
were predicted correctly in 83% and 100% of
their patients, respectively. Brown et al. [18]
used unenhanced thin-section MRI (slice
thickness, 3 mm) on a 1.5-T scanner and a
four-eclement flexible wraparound surface
coil and conducted a retrospective study that
found correct invasion depth assessment was
attained in 100% of their cases. Thus, thin-
section MRI performed on a 1.5-T scanner
with a phased-array coil in general can be
considered to provide moderate to good accu-
racy in the prediction of invasion depth and
good accuracy in the prediction of mesorectal
fascia involvement. These data are compara-
ble to accuracy rates of 82-88% [13, 14] ob-
tained with endorectal sonography for the
prediction of invasion depth. However, en-
dorectal sonography is not applicable for
stenotic or obstructive tumors and cannot vi-
sualize the mesorectal fascia and obturator
space because of the limitations of sono-
graphic attenuation [14]. In addition, good-
quality sonograms can be guaranteed only if
the images are acquired by a skilled operator
[14]. Therefore, thin-section MRI can be con-
cluded to be clinically more useful than en-
dorectal sonography.

As to reproducibility, we did not evaluate
interobserver agreement, but concordance be-
tween the first and second interpretations was
good for both invasion depth (x = 0.87) and
mesorectal fascia involvement (x = 1.0).
Brown et al. [18] evaluated only interobserver
agreement and reported good agreement be-
tween experienced reviewers for invasion
depth (x = 1.0). Beets-Tan et al. [19] assessed
both intraobserver and interobserver agree-
ment. For assessment of invasion depth, in-
traobserver agreement was good (k = 0.8) for
a radiologist experienced in pelvic MRI but
was only moderate (x = 0.49) for an inexperi-
enced radiologist; interobserver agreement
was moderate (x = 0.53). In contrast, intraob-
server and interobserver agreements for the
prediction of involvement of circumferential
resection margin [24-26] (the same as me-
sorectal fascia involvement in patients who
undergo mesorectal excision [8-10]) were
good, because intraclass correlation coeffi-
cients for the experienced reviewer, inexperi-
enced reviewer, and both reviewers were
0.99, 0.91, and 0.93, respectively. Therefore,
examinations for invasion depth should be in-
terpreted by a reviewer experienced in pelvic
MRI; involvement of the circumferential re-
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section margin or mesorectal fascia is more
easily interpretable.

Thin-section MRI is sufficiently accurate
and reliable to provide clinically useful infor-
mation. Prediction of involvement of the me-
sorectal fascia, adjacent organs, or
circumferential resection margin is especially
important [24-26]. Involvement of these
structures requires surgery more radical than
mesorectal excision {8-10], preoperative ad-
juvant therapy, or both to reduce local recur-
rence and overall recurrence {27]. Prediction
of an absence of such involvement allows per-
formance of mesorectal excision alone [8—
10], reducing the incidence and severity of
anal and genitourinary dysfunctions [9] and
preventing toxicity from unnecessary adju-
vant radiation therapy [28, 29], chemother-
apy, or both. Accurate prediction of invasion
depth of T1 tumors ensures proper assign-
ment of candidates for local excision to en-
hance patient survival and quality of life [11].

Although thin-section MRI is very accu-
rate, it is not perfect. In our series, two thirds
of staging errors in invasion depth resulted
from overstaging and were most common
with pT2 tumors, as has been reported for en-
dorectal sonography [13, 14]. Reactive
changes in the connective tissue around the
tumor, including inflammatory cell aggrega-
tion, desmoplastic change, and hypervascu-
larity, mimic tumor invasion on MR images.
Such reactive changes have also been previ-
ously noted as a main cause of overstaging on
sonography [14, 30] and MRI [18, 19]. Con-
trast enhancement may be helpful for differ-
entiating these reactive changes from true
tumor invasion. However, Beets-Tan et al.
[19], who used gadolinium as a contrast me-
dium, reported that MRI could not be used to
distinguish reliably between fibrosis with and
fibrosis without tumor cells. The best results
were reported by Brown et al. [18], who could
differentiate between desmoplastic spicula-
tion and true invasion. Therefore, the best
technique may be the one described in their
report or may involve more precise image ac-
quisition and administration of effective con-
trast material. In addition, the direction of
MRI sectioning is important. Obliquely sec-
tioned images make contours of tumors ob-
scure and interpretation difficult, as seen in
our study. This difficulty may be overcome by
more precise image acquisition and 3D data
accumulation.

One third of the staging errors in our study
involved underestimation that was mostly at-
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tributable to microscopic invasion that is fun-
damentally undetectable on MRI or difficulties
in attaining a complete examination with the
2D rather than 3D approach, so that we ob-
tained not continuous images but rather inter-
rupted images. To reduce overstaging and
understaging, investigators need to address the
possibility of using an image matrix smaller
than 166 x 256, a slice width thinner than 3
mm, techniques for achieving a higher signal-
to-noise ratio, 3D data accumulation, effective
contrast material, and a shorter scanning time.
MRI with an endorectal coil may have higher
signal-to-noise ratio near the coil and produces
better visualization of the rectal wall structure
[31, 32]; however, its limited field of view
makes assessment of the mesorectal fascia and
surrounding structures difficult, and insertion
of the coil is difficult in patients with annular
stenotic lesions. Therefore, approaches using
thin-section MRI with a phased-array coil still
seem better. i

Although our study concerned a relatively
small number of patients, we conclude that
thin-section MRI with a phased-array coil is
accurate and reliable for the preoperative
evaluation of the pelvic anatomy and the
depth of transmural tumor invasion Thus, it
may be helpful in the selection of the appro-
priate treatment for patients with rectal can-
cer. However, the accuracy of this technique
is not perfect, so further investigation to im-
prove accuracy is warranted. In addition, for
validation, a multiinstitutional prospective
study is necessary.
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