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TABLE IL Univariate and Multivariate Prognostic Analysis in (A) 73 Curative YCC (Learning Set) and (B) 144 Curative YCC (Validation Set)

Univariate analysis Multivariate analysis

Variables DSS (5 years) P-value HR 95% CI P-value

)
Histology Differentiated/poorly differentiated 83%/50% 0.0247 71.8 6.372-810.327 0.0005
PN factor Absence/presence 98%/50% <0.0001 60.3 5.658-643.017 0.0007
K-ras mutation Absence/presence 90%/57% 0.0014 55 1.192-25.480 0.0289
PreoperativeCA19-9 value Low/high 83%/62% NS L1 0.210-6.113 NS
Preoperative CEA value Low/high 83%/76% NS 0.9 0.244-4.036 NS
Sex MF 79%/84% NS 0.7 0.196-2.646 NS
Vascular i A 92%/79% NS 04 0.041-4.431 NS
pT factor pT0, 1, 2/pT3, 4 100%/75% NA
Lymphatic b /p 100%/77% NA

(B)
PN factor Absence/presence 96%/69% <0.0001 43 1.090-17.131 0.0373
Preoperative CA19 9 value Low/igh 87%/62% 0.0041 39 1.119-13.720 0.0326
Vascular b /p 97%/80% 0.0144 37 0.453-31.022 NS
K-ras mutation Absence/presence 90%/16% 0.0236 36 1.339-9.948 0.0114
Sex M/F 84%/87% NS 13 0.559-4.291 NS
Preoperative CEA value Low/high 87%/79% NS 0.7 0.204-2.409 NS
pT factor pT0, 1, 2/pT3, 4 98%/79% 0.0064 03 0.032-3.370 NS
Family history Absence/presence 879%/86% NS
Histology Differentiated/poorly differentiated 85%/100% NA
Lymphatic A 100%/79% NA

DSS, disease-specific survival; NS, not significant; NA, not assessible.

and HR = 3.6; P = 0.0114, respectively) independently of TNM factors DISCUSSION

and/or tumor markers, respectively (Table IT).

Curatively Resected Stage III YCC Patients
With K-ras Mutations Included More
Patients With Metachronous
Distant Metastasis of CRC

Since K-ras were i as a factor

The current study separated YCC patients without a K-ras mutation
from other CRC patients from a prognostic viewpoint, and found that
they showed the best prognosis among all CRC. This finding was
unlikely to have resulted from the different distribution of stages within
each group that were separated in terms of age and tumor location,
because the prog; of K-ras ion was proven
even after adjusting for stage in multivariate analysis (Table II). In

d of TNM stag mining factors, sub-analysis was
performed by stage. As a result, K-ras mutations had prognostic
relevance only in stage III in both learning sets (n=26, P=0.011,
Fig. 4C) and validation sets (n =55, P=0.024, Fig. 4D). In the 81
stage III YCC patients who were curatively opera!ed (learmng plus
validation sets), the presence of a K-ras had

lar, stage Il YCC patients without K-ras mutations clearly
showed the best prognosis (~80%) as compared to other stage IIl CRC
patients (50-60%; Figs. 2 and 3). On the other hand, in stage II YCC,
a mutated K-ras indicated a poorer prognosis (90%) than wild-type
K-ras (98%), with very rare recurrence (only 3 patients) among the
69 cases. For stage II YCC patients, we could not find a significant

predictive value in prognosis (P = 0.002; Fig. 5B). Even when stage IIT
YCC patients were subdivided into JCCC N1 and N2 cases, patients
with no K-ras mutation showed ~80% survival rate (Fig. 5SC,D), a
result much better than expected for ordinary stage IIl CRC.
In the 81 stage Il YCC cases, K-ras ion was not

q

in the prognostic value, p ly due to the small number
tested and sma.ll number of events i.nclnded, and this should be
confirmed in the future. Prognostic markers of stage I CRC, such
as DNA ploidy [34], genomic imbalance [35), and microsatellite
instability (MSI) [36), have been recognized as vital indicators in

with the administration of adjuvant chemotherapy; 75 patients (93%)
underwent 5-FU-based adjuvant chemotherapy (concomitant admin-
istration of leucovorin/isovorin, n=16 or CPT-11, n=1), orally
(n=59), or i (n=16). Twenty of the 75 patients
had a K-ras mutation (39%), while six patients who did not undergo
adjuvant chemotherapy included four patients with K-ras mutation
(67%; no statistical difference), and there was no significant difference
in prognosis between the patients with adjuvant chemotherapy and
without it (the follow-up periods ranged from 2 to 60 months).

K-ras mutations did not have any predictive value in stage 0/I/I/IV
patients examined in the current study. Among the 66 stage 0/ YCC
patients, only one with a K-ras mutation died due to recurrence. Of the
70 stage II YCC patients, 3 died due to recurrence, in which 20 (10%)
had a K-ras mutation, and 1 of 49 (2%) did not (not istically

patient sel for post-operative adjuvant chemotherapy.

Stage III YCC patients without K-ras mutations had a 5-year
survival rate of about 80% after surgery, comparable to that of stage II
CRC patients [35]. This finding suggested that stage [II YCC without a
K-ras mutation can be recognized as stage II CRC from a prognostic
viewpoint, and treated similarly, including adjuvant ch h For
stage I CRC, oxaliplatin-including regimens (FOLFOX or FLOX)
were demonstrated to be more effective than surgery alone in the
MOSAIC trial [37] and the NSABP C-07 trial [38]; however, an
adjuvant effect was achieved in only 6—7% of stage III patients or
possibly in high-risk stage II patients [37]. As FOLFOX is expensive
and labor-intensive, and also has serious complications, the selection
of patients who truly need potent adjuvant chemotherapy is eagerly
anucnpated. The present study indicates that K-ras mutations could be
ab ker for patient ion in stage III CRC. RASCAL-2 is a

significant). In the 19 stage IV YCC patients, K-ras mutation was not
associated with the survival status (data not shown).
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larger version of RASCAL [39), the largest survey (at that time) of K-
ras mutations in primary tumor tissues, which included data collected
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Fig. 5. Prognostic significance of K-ras mutation in stage IIl YCC in curable cases. A: Validation of significant difference in survival
comparison between presence and absence of K-ras mutation in 217 YCC cases (P =0.0010). B: Significant difference in survival according to
K-ras mutation in stage ITI (Dukes C) YCC (P = 0.002). C: Significant difference in survival according to K-ras mutation in stage IITA (N1) YCC
(P =0.02). Note that stage IIIA (N1) YCC patients without a K-ras mutation had more than an 80% survival rate. D: Significant difference in
survival according to K-ras mutation in Stage IIIB (N2) YCC (P =0.02). Note that Stage IIIB (N2) YCC patients without K-ras mutation had

~70% survival rate.

by groups from 13 countries on the prognostic importance of K-ras

i RASCAL-2 ined over 4,000 CRC patients and
revealed that K-ras ions had prognostic signifi in stage 1T
CRC [40). RASCAL-2 may be so huge that K-ras mutations would
have a prognostic impact even if patients were not limited to YCC;
however, our results revealed that K-ras mutations did not have any
significant impact on prognosis in CRC other than YCC (data not
shown). RASCAL-2 showed that only one mutation on codon 12,
glycine to valine, found in 8.6% of all patients, had a statistically
significant impact on failure-free survival (P=0.004, HR 1.3) and
overall survival (P=0.008, HR 1.29), that this i

p! pe for ploidy [46], which is why K-ras mutation,
due to its phenotypic dormancy, clearly showed a poor prognosis in
YCC in the current study. We are interested in the relationship of both
K-ras mutation and the MSI status with patient prognosis in YCC. On
the other hand, even in YCC without a K-ras mutation, several patients
had a poor prognosis. This may have been caused by B-raf mutation,
which has a dismal prognosis in microsatellite-stable CRC [47], and
such cases can be included in YCC without K-ras mutation. K-ras
mutation might be a marker for MSI and not a prognostic indicator
itself. Allowing for these findings, we are planning to profile MSI/B-raf

appeared to have a greater impact on outcome in stage IIl CRC cancers
(failure-free survival, P=0.008, HR 1.5; overall survival P =0.02, HR
1.45) than in stage I tumors (failure-free survival, P=0.46, HR 1.12;
overall survival P=0.36, HR 1.15). Our SSCP analysis did not reveal
the full profile of each mutation, and we would like to elucidate such
associations in the near future.

CRC has been recently proposed to originate in two pathways, MSI
and chromosomal instability (CIN) [41]. MSI shows a diploid pattern
of DNA content, while CIN has an aneuploid pattern. MSI is more
characteristic of proximal colon cancer [42] and young CRC [43],
which made us speculate that YCC includes more MSI cases than other
CRC. Moreover, a K-ras mutation was found in only 13% of MSI
CRCs [44), indi that the is more ct istic of CIN
than MSL Hence, we suppose that YCC without a K-ras mutation and
with a good prognosis largely reflects MSI, consistent with a report that
MSI showed a better prognosis than non-MSI [45). Nevertheless, CRC

i harbors both ph (MSI and CIN), and CIN is the
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in ion with the K-ras mutational status in order to
clearly explain the prognostic status of YCC in stage IIL.

We interpreted our results to mean that YCC without a K-ras
mutation represents patients with a normal K-ras pathway. K-ras
pathway activation may be closely associated with prognosis in CRC,
and could be a therapeutic target for most CRC cases (except YCC
without K-ras mutation). Patients with an abnormal K-ras pathway
through the of either up: or 2
such as EGFR [48], PI3K [49], and B-raf [50), are similar to those with

i biological viewpoint because the K-ras

K-ras from a
pathway is similarly activated. On the other hand, patients with a
normal K-ras pathway may show biologically different behavior from
those with K-ras mutations because the K-ras pathway is not activated.

As an optimal strategy for solid tumors, attention has recently
focused on lar th i identifying genetic alterations that
have been of prognostic value [7-10]. On this basis, the authors
suggest the K-ras pathway as a therapeutic target for CRC. On the
other hand, the K-ras mutational status was recently demonstrated to
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have predictive value for sensitivity against EGFR inhibition, a newly
developed CRC molecular target [51-54). As neutralizing EGFR
antibody is effective even against far-advanced CRC without K-ras
mutation, the development of new treatments, including adjuvant
1 i y, is eagerly anticipated. On the other hand, CRC with K-
ras mutation proved ineffective by EGFR inhibition [53]. About 75%
CRC cases with K-ras mutation had co-mutated PI3K [49] and, in such
cases, downstream inhibition of both B-raf and PI3K may efficiently
regulate CRC cells.
None of the rectal patients in the current study underwent
di py either pre- or post-operatively, which may not represent
the standard of care of rectal cancer worldwide, and perhaps would
effect the outcome of the analysis. In rectal cancer, we would thus
examine the K-ras mutation status and prognosis in such patients who
undertake the standard therapy in Lhe near future. Actually, we rccently
adopted neoadj for localized ad d rectal
cancer before surgery [55,56]. Even if molecular target therapy such as
anti-EGFR MoAb is used, CRC at stage IV has a dismal

. Tanaka M, Omura K, Watanabe Y, et al.:

. Vogelstein B, Fearon ER, Hamilton SR, et al.: Genetic alterations

during colorectal-tumor development. N Engl ] Med 1988:2:532—
535.

- Benhattar J, Losi L Chaubert P, e( al.: Prognostic significance of
G

K-ras
1993:104:1044— 1048

ology

Prognostic factors of
colorectal cancer: K-ras mutation, overexpression of the p53
protein, and cell proliferative activity. J Surg Oncol 1994;57:57—
64.

. Span M, Moerkerk PT, De Goeij AF, et al.: A detailed analysis of

K-ras point mutations in relation to tumor progression and
survival in colorectal cancer patients. Int J Cancer 1996:69:241—
245.

. Cerottini JP, Caplin S, Saraga E, et al.: The type of K-ras mutation

determines prognosis in colorectal cancer. Am J Surg 1998;
175:198-202.

Pajkos G, Kiss I, Sandor J, et al.: The prognostic value of the
presence of mutal.ions at the codon 12, 13, 61 of K-ras oncogene

in col | cancer. A Res 2000:20:1695-1701.

[51,52,57] and almost all patients will die of disease progression. That
is why improving the prognosis of CRC depends upon improving
treatment for curable cases, which includes adjuvant chemotherapy.
The most promising treatment strategy for CRC is therefore to develop
tail de adjuvant ch py using novel indi on the basis
of oncogenic mutational profiles as in the present study.
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LTHY, HABLBENRESEOHS FI4 27
CHERREN TV,
2. EALTWVWSEMS

B, AR TABERAOEMS BAFTE L\ A
FA 2 LS H @ EMS i Ultraflex™ esophageal
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1 KA LY ADERE

E2 AHTHRSATWLHELERE®AT ¥ M EMS
a: Ultraflex™ Boston Scientific -8 M 18mm, & 100 or
150mm.
b: Z-stent™ Cook #:#¢ P{% 30mm, & & 50 or 75mmo

stent (Boston #t8) & Z-stent™ (Cook #:&) TH
5 (2, WThd self-expandable metallic stent
BOHRAERAT Y FThdo H4 XIIHENES
Lo TRRZH, —&MICOE 18 ~ 22mm, £
70 ~ 150mm D b OAMFER &N D, %8B, FRKTIIK
B loxt L Cid it 7L % @B 3 % Trough the scope
(TTS type) ® EMS 2*—#HTH 5. B TILHE
NBATOREADTRET, FHHGHETDH 2. BT
£ A=A —k PMDA (BRAZATBud: AR 3 dh R AR b 23
AR & CARMEAT TEHL T2,
2009 FEICEH T ZHRBE~O EMS 253580 5 -0 TR
JIEMS b BEDMICIEEANCHERATREICR2 LB D
oo

3. EMS &% (X 3)

RLEILE (ICAETH S, BESCHEREOEHALIC
&0 B 2 ek & AT 50 2AKYIC sedation AT o
TRV ETRENRGEZHA LRERLEET 5,
BT THIAEEADBIME 2 B X512, IRAERALM
REERZ) Y FICTI—F v 7T 5, TOHNBRS
LA FTAY— %A LBRAER L Y T OAISE

Dbo HAFTAX—ZEROFERZOOEMAL,
YA AVCRERICHEETS (K3a)o KICHA
FoA4Y—%5k&L7-%%, ARGELZHKELA b
Fa—HY—%HAL FILX—ZHVIHFATE (K
3b)o Ultraflex™ D34 13d &5 L EMS 454 ¥ b
OFa—H—ifARATIRTEY, v—H%—TEMS
DAL % FERHEEAR % #FS|T5 2 & T self expand-
ing¥% (H3c)e EMS 2L HLIRT HL LB
EMSiZEE SN2 (M3d)o 51&#E, #Arus
FT74YR(TIMIVEF Y Y LAT IV me-
glumine sodium amidotrizoate) | & % ¥ & & KK
BBEBRICTAMELHEL, EMS Of#E, Him- 2
EDEMWRED VT & 2R L FREHET T 5,

RERATRGEB RS % <, MTEE X Y HEO
RREIPEH END L A% 0, BEREHM X ik
CTHES RS W2 L 2R LAET, &
B8 7 2 THEBBRELTL, ORREOH
HEED, THETHIUIROENDG HBT 5, & 18
I V2B H & FRRIC 5 2 BRI BT ILE % TV FalT %
79 (M4).
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alb

€

a: RAEMILFB —% > 7 %A 4 K74 Y —%ifA

b WHBERE, 4 Y baFa—F—FF4 F74 Y- CRWFA,
c:¥—7%—"TEMS O EZHERHK) ) — Ao
d

: EMS ALK Eo

4. SECC : EMS EEHTOMEI & Bl

SECC DI i, BRAETALAE B AN T 2 IEBIT,
4 Ly A2 O ERMREC L % BB EOIERSY
MWL DTHb, HRUOKEHEA LY ZERTIE, #&
BA LYy ZAETMERE 2T AE, EHEODM % kR
THETdH 0 RRALPIRIRE O LBV %00

TEREGHE Tik EMS 258IBRMRIC 0 5 L REAE
DREEL 25720 #ESNTH Y, FEILFHRE
Fa—=THHNFROBIETH S,

FRETIRE A @ ORT L RBER A R VD
i, R B TSRA v 74— FavEes
Db, WARSERZROBEE 2D, THEARY
REHOREZRR I, HH L v

BUE $ TOLRO R 97 H11C SECC HifT % A
89 B 92% \ZIF AT HET, BRARMEBREE 98% & REF 22 B
WTHolz, BEATE o IEFIOMES & FREALIEE
IZTA4T SREEB# (SD junction) BT, T,

B EFRETETH- 2. YEGIO EMS HEH»
5FME oMM, RE 16 HETFH63HTH o7
WEFRLBRBERL AR I F LY F) a—iliic k%
B AOVERE % 17 ) BATT & 72, SECCOBFREAEL LT,
97 Bieh, IEAREZEILI B 31%, HWALEWTFhdS
ARFEN), 1R AR 3B (3.1%, MALIXTAT#M,
S H#EN, EEER) Thol, THUSMC, HHMK
AL 1B (SHAEN), A1 6 (LEE)
LREBELAS, ShbidvedhdBERmEE Ik
BLiRiohhol. BIL - BEERD ) HREFM
LHolDI 461 41% Th o 720, TTEVFREFM
DLERA VI AEFTH Y, FHEALEFHRD
Bl eI L Tw2, ROKE EMS RiE#H
HEFTORE EMS R B 0L, FEBRIEH
92%, BRRREIEIIEH 8% T, DI H 5% Ic—1
BFERAITOI, BRIEL LT, FENREL%, &
BEEB 3% ARD OIS ", HILIFEFAEBERIC
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7 EMS BB AR T o - 729
40 AR, B TITRBEEA LY 2,

a: BLERELAL X HRESLAL
BEATLUELT,

THEHA LY ZICTRELEIEA LY 2

b EMS #{BEHG - AW HIC EMS ZBHAT, 1 LY A%HkKE,
o FEERHLAL X RBEML - KBHIZA L AMRER & RER B MK B,

AR H B R

d: Fhirifk (RRIZEMS) (A% HEICK)ZFL YT ) a—
VHECTHMAYRTILE 217\ 9 B BICBIIE TFM & MifT, FaRikT
ZLOROFEL RO D05 BEOIIRIE L H 5720

VEBO LD —BHETH ) 2HRBIHT 20832
Vi, R BB DR E OB OFR - AR 3R
2B, PRAELELT AR, BHOKHA L
EHICHIRL TL 2o

KIHEA Ly A5 LT SECC D %12 F il % F5 4%
BICAT ) L BRRTFW A MAT L 22BE L B L TS A0S
AR 2 PSR ) LS HHENTE 5, FFICERG
DR TERATHZ o

5. SECC : EMS BBl & ZIIPIMKEF 12— T ED

’& (&1

FRALMBRE F 2 — 7%, BALMS Ly AFE LT
TREN TS, FHABRIIEH 60 ~ 100%. AW
BBHIDA L 2 ORERFRIE 80 ~ 100% & R 7 B
BREERTWE Y LALFA FIAY -0k 2%
L 0~6%) 24 L7 AEEMBICL B EHHRK.
ZIRFEBOMESNTEY, L ITHEILFEHFH

10% L BVOHHETHS Y EMS Hil & kT 2
LF a— T ORNREDE Iz ORENIBREE T
Lo AL AERICRMASA 2D, BOHEGHED K/
WTHD, F7EHOFE LBERSE % L1 X 50k
BRLETHY, EFHA FOEROREES EHsh
TWwb, ¥, BEF2—7OFRAICL ) YEEERE
FErL-tofEbsBDLNE Y,

AF TR, TSN TV BRILFIERE F 2 — 75
—fHTdH %A%, BRKTIZ EMS & 2L PR E
WMOERTH S, EMSHE X, OEREOERIER
Dk, ARRAEBESPEROES SH 5 BHD QOL
HCEMTH D, BRILFMBIEF 2 — 713, BELy
PELTHRENRTWSH, MBI 2 EENE
DETEMLEVZ 5,
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A AEALPIBYIRE R O LR

&® A7 > N EMS WEF 2 —7
HABINE, WER RAF RAF
HADES S [F1% [BE=
WIEDE = B E
A BOEHE " SRt
WAL AFHI e Rl
$fi AFFO QOL Atf RRTR
s T B R ? Wy & b5 O AT RENE: ?
g O o - 2L T #10% ?
RHRE T RE RRRE
11314 R RERSUNI 3

I. RANFHORALREE LI (R
) EMS Bi#)

1. S

AR BB ORI & 24 GTHROUEILRD S
NHVH, 4 Lo AR X 5 IRBOUEILE
Thb, fEk, WREFHHSEELGECMRORE B
JEBS I & B KRB IC LCld— ki i By 2 AL
AL P38 A AT L HE B LD PR AT AT T DT /ee LA LA
MM OER%E GO EEN LR FHETFROFRLES
2L o THRRIZE 5 TH TEIERT 22V IRHET
Hbo T TFMfbBHEL L TEMSAEBL
NTHEBTLHASATHE P,

BEEEIMAOFEL T2 AL Thb. LM
HIREF 2 — 712, REMOPFEIITE 2720185
LR SRV, F ik —ERILFRIRIE F 2 — 7 &4
ALTH 5 EMS DFEL LTWAHEDL S\,
2. B

B £ TO LR O RSN 29 5EHI 35 #1112 EMS R E
ZAA, 3361 94% AU RETH o 720 HRAERR L,
SR 20 ) RRGHTAEE 1360 & 7 61)
69%, KIEHERATES 6B 21%, BISLIRAE S K&
2 LB, SRR SIRAE IR 1 B, BRI R
HATREBR IR 1 BITH o 720 HAEBIITER 5 B
FTEKET, ERO1BIZEMPHRATS F74
X —NTEhholzzOll, SKEBO1FIESRT
LREDIDICEBTE L o7z, HMARBRICEY
BBBERCT TN Do 7z, BEMMIE1~576 H,
FRfEIX 170 B TH o7z, ABHERMICBT 2 BBIE
W&, FERAENHES O EMS WIE~ O X % k%
(ingrowth) :3 1 85%, E\MESRIC & % PAZE:1 # 3%,
TR + 55 0 EMS Ui 2> & ARE~ ORI X 2 5%
% (overgrowth) : 1% 3% D&&H5 ) 14% T, stent
in stent % heart probe, BRSNS ICTHLL 720

% 7 Migration (EMS OfZ@EZEAL) %4 # 11% 2O
S, BIVIREEC & B S ARKERSRZE6) Tld Hartmann
F4li & #6497, 2B EMS O A%, 1Bl EE
BxA{Tolze T2, 1 HICTHEOERIC K ZRERE
) Ml CTOEEILASEAE LIBE Lz, THIICIE, B8
BEBEENOEFREIL0%, FILHIE 4%, migra-
tion (ML) #1%10%, FHHZEFRIE10%T, LTH
12 05% CHEBNZETHDLRFHTHL LMESH
Tw3 7,
3. FHREEBRBLE

I B EMS H i O RN FHICE L TIX EMS#
BEE L FHBCENLVEORE Y BdHh, EMSIC
LBFH~NOHEBEL v EEZ LN, Xinopoulos
5" O EMS & ATHLMERE D7 ¥ ¥ AL
BTk, BRPLEEMTEELL, EMSEEHED
QOL ? [k & #£1Z cost—effective TH 2 L FE S I
TWwbo 72720, HMBEFHTERVOT, HIMICE
2EMAETHBRECIBCL I 0%V, Fl2ED
DOEmE R L, SHRE, SRENFR T 2VE
FHIZHRVEIETH D, RBEHOEBLFEIL, HHZE,
IEB ORI L b7z ) fthkds (B Z38B % &)
OB BEORIFE RO 72012 b H BRI E R 4
Bl X R ER, CTRELR EVPLETH D,

Bh i

KAt L CGRARBFHCRBFH & maE3
Bz, WHRET O EMS HBHTCEILMA Lo 2
B BERTREFHTH D, RETRNZ
FHELTHITA7-0121E, FICKBERO EMS
HEBLUF v bORT - FRNEA NG, Zh
12X D, KBHEA LY RS 58— RN FH e
7 V), oncologic emergency 7% emergency T 7% < #ll
¥ 12 oncology 2> 7= WEMIZEPTE L LIk D
LEbhd,
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prognosis of preoperative “bridge to surgery” ex-
pandable metallic stent insertion for obstructive
colorectal cancer : comparison with emergency op-

RXZM 224 2 A16H
[Fl %8 EH 224 8 H16H

Stenting for Malignant Colorectal Obsruction

Yoshihisa Saida, Toshiyuki Enomoto, Kazuhiro Takabayashi, Yoichi Nakamura, Miwa Katagiri,

Sayaka Nagao, Ryohei Watanabe, Ayako Otsuji, Shinya Kusachi, Jiro Nagao

Depertment of Surgery, Toho University Ohashi Medical Center

Colorectal cancer obstruction is an oncologic emergency that had been treated with emergency surgery. However, de-

compression through the anus including a colonic stent (Expandable Metallic Stent : EMS) changed the conventional
practice. Instead of a conventional ileus tube, through nose with poor effectiveness, the transanal decompression method
(colonic EMS) has improved the treatment approach by avoiding emergency operations. It has given better operative
results, improved the patients’ QOL (quality of life) as well as allowing a higher QOL for the doctors and co-medical
staff. It has been reported that colonic EMS has obtained a high clinical success rate of approximately 90% and minimal
complication rate of approximately 5% . On the other hand we should note that there has been approximately 10% of
migration and 10% of re—obstruction in the long term follow up. In the future, colonic EMS is considered to be the first
choice in the treatment of obstructive colorectal cancer in Japan.

—764—

-262-



Seminars in

Colon & Rectal
Surgery

Topology of the Fascial Structures

in Rectal Surgery: Complete Cancer Resection and
the Importance of Avoiding Autonomic Nerve Injury
Yusuke Kinugasa, MD, PhD,* and Kenichi Sugihara, MD, PhD"

To decrease local recurrence and avoid autonomic nerve injury, mobilization of the rectum
is performed by anatomical dissection along the fascial planes. Anterior to the rectum,
Denonvilliers’ fascia divides into several laminae at both sides and separates the meso-
rectum from the autonomic nerves. This fascia is better preserved when the tumor is not
located on the anterior wall of the rectum. Posterior to the rectum, the prehypogastric nerve
fascia covering the hyg ic nerves is evident b the fascia propria of the rectum
and the parietal pelvic fascia. The prehypogastric nerve fascia connects to 1 of the lateral
laminae of Denonvilliers’ fascia. The dissection plane posterior to the rectum is between
the fascia propria of the rectum and the prehypogastric nerve fascia. After dissection both
anterior and posterior to the rectum, the medial part of the lateral ligament becomes clearly
identifiable. The parietal pelvic fascia is located dorsal to the hypogastric nerves and

ventral to the pelvic splanchnic nerves. Appropriate selection of di planes
the complete capture of the mesorectal package and simultaneously reduces the risk of
nerve injury.

Semin Colon Rectal Surg 21:95-101 © 2010 Elsevier Inc. Al rights reserved.

Previous Understandings
of Fasciae Around the Rectum

Anterior to the Rectum

Origin of Denonvilliers’ Fascia

In 1836, Denonvilliers' reported this fascia as a prostato-
peritoneal membranous layer between the rectum and sem-
inal vesicles. Two theories have been advanced regarding the
development of Denonvilliers’ fascia. In 1899, Cunéo and
Veau? suggested that Denonvilliers' fascia developed from
fusion of the embryonic peritoneum of the rectovesical cul-
de-sac. Elliot Smith? supported the peritoneum fusion theory
in studies of fetal dissections. In 1945, Tobin and Benjamin*
concluded that the fascia was derived from the peritoneum
based on a histologic study. In 1948, Uhlenhuth et al® also
presented macroscopic anatomical evidence strongly sup-

*Colon and Rectal Surgery, Shizuoka Cancer Center Hospital, Shizuoka,
Japan.

‘tDepartment of Surgical Oncology, Graduate School, Tokyo, Medical and
Dental University, Tokyo, Japan

Address reprint requests to: Yusuke Kinugasa, MD, PhD, Colon and Rectal
Surgery, Shizuoka Cancer Center Hospital, 1007 Shimonagakubo, Na-
gaizumi-cho, Sunto-gun, Shizuoka 411-8777, Japan. E-mail: y.kinugasa@
scchr.jp

1043-1489/10/$-see front matter © 2010 Elsevier Inc. Al rights reserved.
doi:10.1053/.scrs.2010.01.006

porting the peritoneal fusion theory. Recently, van Ophoven
and Roth® concluded that Denonvilliers’ fascia develops from
fusion of 2 walls of the embryologic peritoneal cul-de-sac.

However, a different hypothesis exists regarding the devel-
opment of Denonvilliers' fascia. In 1922 and 1923, Wes-
son,”® who had provided the first histologic evidence sup-
porting the peritoneal fusion theory, stated the septum was
formed by the condensation of loose areolar tissue. In 1956,
Silver? noted that the septum appears to form simply as a
condensation of loose areolar tissue based on histologic ex-
amination of 52 embryos and fetuses.

Anatomy of Denonvilliers’ Fascia

Milley and Nichols!® disclosed that Denonvilliers’ fascia his-
tologically consisted of dense collagen, smooth muscle fibers,
and coarse elastic fibers. In 1993, Richardson!! demonstrated
a dense double layer of elastin in the recto-genital septum
under electron micrography. Although Denonvilliers’ fascia
has been suggested to consist of 2 fasciae, van Ophoven and
Roth® and Bisset et al'? concluded that the posterior layer of
Denonvilliers’ fascia actually corresponds to the fascia pro-
pria of the rectum. Kourambas et al'* stated that this fascia
had no definite layers and no definable lateral edge that wid-
ened and connected with the fascia running lateral to the
rectum (pararectal fascia) posteriorly or with the fascia be-
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tween the levator ani and prostate (lateral pelvic fascia) ante-
riorly.

In the caudal border of Denonvilliers fascia, Milley and
Nichols' stated that this fascia attaches to the rectourethralis
muscle, and Silver® described Denonvilliers’ fascia as con-
tinuing to the external longitudinal muscle coat of the rec-
tum. In 1993, Sato'* demonstrated that the caudal end of
Denonvilliers’ fascia attached to the perineal body.

In 1980, Goligher!'® described Denonvilliers' fascia as more
strongly adherent to the rectum than to the prostate, but
Tobin® stated that this membrane was located between the
loose connective tissue around the rectum and the more
dense fibromuscular connective tissue around the prostate
and seminal vesicles. Kiyoshima et al'® also reported that
Denonvilliers’ fascia adhered tightly to the center of the pos-
terior aspect of the prostatic capsule in 97% of cases. Huland
and Noldus'” described easy separation of Denonvilliers’ fas-
cia from the rectum during prostatectomy.

Posterior to the Rectum
Reliable surgical dissection planes for dissection of posterior
and lateral sides of the rectum have been proposed by many

fascia propria of recti (Fernadez)
visceral fascia (Heald)

fascia capsule of recti (Davies) HGN

B

perirectal fascia (Chapuis)
fascia propria of rectum >
(Bissett, Church)

Cc

Visceral endopelvic fascia

(Takahashi)

anterior leaf of visceral fascia
(Havenga)

E

rectal fascia (Muntean)
urogenital fascia (Muntean]

/ h
parietal fascia (Havenga)

surgeons. These may arise from multilaminar fascial struc-
tures around the rectum. Surgeons and anatomists com-
monly recognize a fascia surrounding the mesorectum, but
this is variously named the fascia propria of rectum,2!8.1° the
perirectal fascia,?® the rectal fascia,?! or the visceral layer of
the pelvic fascia.?>%

Understandings also differ regarding the fascial consti-
tution between the rectal fascia and sacrum. One interpre-
tation is that no fascia is present between the rectal fascia
and the hypogastric nerves (Fig. 1A),'8222¢ while the other
is that a fascia exists ventral to the hypogastric nerves
(Fig. 1B).12.19.20.25 Takahashi et al?* described the hypogas-
tric nerves as wrapped with the visceral endopelvic fascia
(Fig. 1C). While agreeing, in part, Havenga et al** and
Mutean?! described the fascial constitution as differing be-
tween the upper and lower pelvis (Fig. 1D and E).

In 1974, Crapp and Cuthbertson?” reported the rectos
acral fascia as a constantly situated sheet of fascia running
from the periosteum overlying the body of the fourth sacral
vertebra to the rectal fascia, 3-5 cm above the anorectal junc-
tion. Based on detailed dissections of 45 cadavers, Sato and
Sato®® reported that the rectos acral fascia originated between

parietal fascia (Davies, Heald)
presacral fascia (Femandez, Heald)

parietal fascia
(Bissett, Chapuis)
presacral fascia (Church)

parietal endopelvic fascia
(Takahashi)

posterior leaf of visceral fascia
(Havenga)

presacral fascia (Muntean)
parietal fascia (Muntean)

Figure 1 Previous interpretations of retrorectal fascial structures. (A-E) represent schematic views of previous interpre-
tations of retrorectal fascial structures. (D and ) The right half of the panel represents the superior level, and the left
half is the inferior level. R, rectum; MR, mesorectum; HGN, hypogastric nerves.
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L)

Figure 2 Lateral ligament of the rectum. (A) is an operative photo-
graph of the left lateral ligament. (B) is a schematic view of the left
lateral ligament. The lateral part of the ligament (open star) is beside
the pelvic splanchnic nerves, and the medial part (black star) is near
the rectal branches of the pelvic plexus. DVF, Denonvilliers’ fascia;
HGN, hypogastric nerves; MR, mesorectum; PHF, prehypogastric
nerve fascia; PPF, parietal pelvic fascia; PSN, pelvic splanchnic
nerves; PX, pelvic plexus; R, rectum; SN, sacral nerve.

the third and fourth sacral vertebrae in most cases, but in
some cases from any part between the second sacral vertebra
and the first coccygeal vertebra. However, Church et al,'?
Havenga et al,** and Diop et al** described the rectos acral
fascia as an adhesion of 2 fasciae existing posterior to the
rectum.

Lateral to the Rectum
In 1949, Goligher?® described the lateral ligament as an im-
portant structure during rectal surgery, and Michels et al®
confirmed this structure from anatomical dissections in
1963. Sato and Sato?® described the lateral ligament as a
structure between the pelvic side wall and rectum and con-
sisting of 2 segments: a lateral segment of the ligament com-
posed of the pelvic splanchnic nerves and a medial segment
constituting the rectal branches of the pelvic plexus and lym-
phatic vessels.?® The visceral branches of the pelvic plexus were
first reported by Kimmel and McCwea’! in 1959 (Fig. 2).
Various reports have described relationships of the middle
rectal artery to the lateral ligaments. Boxall et al* reported
that the middle rectal artery does not run in the lateral liga-
ment, while sometimes the accessory middle rectal arteries
run in this ligament. Nano et al** recently reported that the
ligament contains fat tissue, vessels, and nerve filaments, and
that the middle rectal artery courses anteriorly and inferiorly
in respect to the lateral ligament. In 1997, Rutegard et al**
reported the lateral ligament as histologically consisting of
clear nerves, fat, and fibrous tissue in all 13 specimens they
examined, with small blood vessels included in only 2 spec-

imens. Heald et al®> described none of the lateral ligaments in
his paper regarding the surgical procedure for total mesorec-
tal excision, although Moriya et al*® and Enker®’ stressed the
lateral ligament as an important structure during rectal sur-
gery with nerve preservation, the medial segment to be di-
vided during rectal mobilization, while the lateral segment is
to be preserved.

Fascial Structures
Around the Rectum

Fascia Propria of the Rectum

The fascia propria of the rectum is a thin visceral fascia cov-
ering the rectum and mesorectum. The mesorectum is a dis-
tinct compartment that contains the superior rectal arteries
and veins, mesorectal fat, lymphatic vessels, and nodes. This
fascia is also called the peri-rectal fascia, rectal fascia, and
visceral fascia (Figs. 3 and 4).

Denonvilliers’ Fascia

Denonvilliers’ fascia is clearly identifiable between the fascia
propria of the rectum and the seminal vesicles or prostate.
The recto-vaginal septum in women corresponds to Denon-
villiers’ fascia. The consistency of Denonvilliers’ fascia varies
between individuals, from a fragile translucent layer to a
tough leathery membrane.'° The recto-vaginal septum is less
prominent in women than Denonvilliers fascia is in men.
The fascia is thicker in younger individuals and thins out

urogenital
viscera

sacrum

Figure 3 Schematic representation of fasciae around the rectum
(horizontal). DVF, Denonvilliers' fascia; FPR, fascia propria of rec-
tum; HGN, hypogastric nerves; LA, levator ani muscle; LAN, levator
ani nerve; LL, lateral ligament; MR, mesorectum; PHF, prehypogas-
tric nerve fascia; PM, piriformis muscle; PPF, parietal pelvic fascia;
PSN, pelvic splanchnic nerves; PX, pelvic plexus; R, rectum; SN,
sacral nerve.
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Figure 4 Schematic representation of fasciae around the rectum (sag-
ittal). DVF, Denonvilliers' fascia; FPR, fascia propria of rectum; MR,
mesorectum; PHF, prehypogastric nerve fascia; PPF, parietal pelvic
fascia; RSF, rectosacral fascia.

with age and may be more obvious in patients with preoper-
ative radiotherapy to the pelvis or with transmural inflamma-
tion of the rectum (ie, Crohn’s disease).'®

Laterally, Denonvilliers’ fascia divides into several thin
laminae, and 1 of the lateral continuations extends dorsolat-
erally and separates the mesorectum from the pelvic plexus
and urogenital neurovascular bundle.*® The caudal part of
the Denonvilliers’ fascia joins the prostate or recto-urethral
muscle, and for that reason, is more easily separated from the
rectum than from the prostate.

Prehypogastric Nerve Fascia

The prehypogastric nerve fascia is variously known as the
urogenital fascia,2' hypogastric nerve sheath,* or uretero-
hypogastric fascia.*® This fascia is located immediately be-
hind the fascia propria of the rectum, covering the right and
left hypogastric nerves*' and the pelvic plexus, and connect-
ing with the lateral continuations of Denonvilliers’ fascia at
the level of the pelvic plexus (Fig. 2). The left ureter runs
dorsal to the prehypogastric fascia, while the right ureter runs
ventral to the fascia.*

Parietal Pelvic Fascia

The parietal layer of the pelvic fascia is located dorsal to the
hypogastric nerves and ventral to the sacral veins and iliac
vessels and divides into several laminae extending ventrolat-
erally: (1) the fasciae lining or enclosing the pelvic plexus; (2)

the fasciae providing a posterior attachment for the levator
ani muscle and lining the medial or superior surface of the
muscle sheet; and (3) the fasciae enclosing the pudendal
nerve and associated inferior gluteal and internal pudendal
vessels.*! The most medial fascia covers the pelvic splanchnic
nerves and fuses with the prehypogastric nerve fascia at the
pelvic plexus.

Rectosacral Fascia

The rectosacral fascia is not a true fascial structure*! but rep-
resents part of any thickened pelvic fascia'® or adhesion or of
connections between the layers of fasciae existing posterior to
the rectum: the fascia propria of the rectum; the prehypogas-
tric nerve fascia; or the parietal pelvic fascia.?> Clinically,
however, a band is apparent between the posterior wall of the
rectum and the sacrum at 3-5 cm above the anorectal junc-
tion, or higher, as described by Havenga et al.2* One reasons
for this finding is that fascia-like structures easily develop or
become thickened during dissection or surgery, as noted by
Range and Woodburne.* This fascia should not be confused
with Waldeyer’s fascia, which only refers to the most distal
portion of the presacral fascia joining the anorectal junc-
tion. 1927

Autonomic Nerves

Sympathetic supply to the rectum and upper anal canal orig-
inates in the first and second lumbar spinal segments. The
fibers are distributed through the inferior mesenteric plex-
uses via the lumbar splanchnic nerves and through the pelvic
plexus via the sacral splanchnic nerves. Parasympathetic
nerves are supplied to the rectum through the pelvic plexus
via the pelvic splanchnic nerves.*

The pelvic urogenital autonomic nerve system is present
immediately outside the rectum. Nerve-sparing surgery aims
to preserve several major nerve structures in the pelvis, includ-
ing peripheral nerve bundles, such as the hypogastric nerves,
pelvic splanchnic nerves, and cavernous nerves (Fig. 5).

Superior Hypogastric Plexus

The superior hypogastric plexus is a network of sympathetic
pre- and postganglionic fibers emerging from the second to
fourth lumbar splanchnic nerves and located 3-7 cm caudal
to the origin of the inferior mesenteric artery and just caudal
to the bifurcation of the aorta.*> The plexus extends down
about 4 cm with fine nerve-fibers to the rectum and divides
into right and left hypogastric nerves.

Hypogastric Nerves

The hypogastric nerves represent extensions of the sympa-
thetic nerves dividing from the superior hypogastric plexus,
and extending down along the pelvic wall under the prehy-
pogastric nerve fascia to connect the pelvic plexuses, while
sending small rectal branches around the superior rectal ar-
tery penetrating through 2 fasciae: the prehypogastric nerve
fascia; and the fascia propria of the rectum. The hypogastric
nerves play a role in ejaculatory function, causing closure of
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Figure 5 Topographic anatomy of the pelvic autonomic nerves.
HGN, hypogastric nerves; LAN, levator ani nerve; PN, pudendal
nerve; PSN, pelvic splanchnic nerves; PX, pelvic plexus; SHP, supe-
rior hypogastric plexus.

the internal ostium of the urethra and constriction of the
internal sphincter muscles. According to the severity of dam-
age to the hypogastric nerves, various disturbances of ejacu-
latory function may develop, including retrograde ejacula-
tion.

Pelvic Splanchnic Nerves

The pelvic splanchnic nerves, which are parasympathetic
nerves, form as branches of the second, third, and fourth
(mainly the third and fourth) sacral nerves emerging from the
anterior sacral foraminae on either side. The pelvic splanch-
nic nerves, which often form a common trunk with the leva-
tor ani nerves at their origin, run to the target pelvic organs
via the pelvic plexus and to the sigmoid and descending
colon as far as the splenic flexure and distal transverse colon
along to the inferior mesenteric artery and left colic artery.
These nerves activate the smooth muscle of the rectum, anus,
and bladder wall and inhibit the vesical sphincter.

The cavernous nerves (nervi erigentes) supplying vasodi-
lator fibers to the erectile tissue of the penis and clitoris, and
arise mainly from the fourth pelvic splanchnic nerve, run in
the neurovascular bundles posterolateral to the prostate®
and penetrate the rectourethralis muscle posterior to the ano-
rectal junction in about half of cases.*’

Pelvic Plexus

The pelvic plexus, also known as the inferior hypogastric
plexus, appears as a meshlike triangle located under the pre-
hypogastric nerve fascia on the pelvic side walls anterolateral
to the rectum and posterolateral to the seminal vesicles, pros-
tate, and urinary bladder in men, and lateral to the uterine
cervix, vaginal fornix, and bladder and often extending into
the broad ligaments of the uterus in women. This plexus is
mainly formed by the hypogastric nerves and pelvic splanch-
nic nerves and sends nerve branches arising at the anteroin-
ferior corner of the plexus to the genitourinary organs, run-
ning with the blood vessels (neurovascular bundles).

Levator Ani Nerves

The levator ani nerves represent 1 of the components of the
pudendal plexus. The origins of the nerves often form a com-
mon trunk with the pelvic splanchnic nerves and extend
down along the levator ani under the thick parietal pelvic
fascia (levator ani fascia), sending branches to the muscles.
Injury to the levator ani nerves means that the dissection has
deviated from the recommended plane, within the distal pel-
vis, and may present as urinary or fecal incontinence *®

Pudendal Nerves

The pudendal nerves, which are mainly sensory nerves for
the perineum, arise from the sacral plexus (second to fourth
sacral nerves), leave the pelvic cavity through the greater
sciatic foramen, enter the gluteal region, cross the sacrospi-
nous ligament close to the ischial spine, and run through the
pudendal canal (Alcock’s canal) toward the ischio-anal fossa.
These nerves then divide into the inferior rectal, perineal, and
dorsal nerves of the penis or clitoris.

Surgical Dissection Planes

Total mesorectal excision (TME)*> or tumor-specific meso-
rectal excision*® are the standardized procedures for rectal
cancer surgery. The purpose of TME is removal of the rectum
and mesorectum enveloped by the visceral layer of the pelvic
fascia as a package, including lymphatic channels draining
from the area harboring the cancer, and, together with
sphincter-preservation, to preserve the autonomic nerves
distributing to the urogenital organs. However, even in re-
cent reports using TME, complicated urinary and sexual dys-
functions are common.**>*

Various discussions about the surgical plane of TME have
been presented.®>> Many surgeons have recommended sur-
gical planes outside the intact Denonvilliers’ fascia. However,
Lindsey et al*® and Kinugasa et al*® claimed that removing
Denonvilliers’ fascia with the mesorectum is not always nec-
essary. The most dangerous points of nerve injury during
surgical dissection are the anterolateral sites of the rectum,
where laminated leaves of the lateral parts of Denonvilliers’
fascia and nerve branches from the pelvic plexus cross® (Fig.
2). Denonvilliers’ fascia can be preserved when the tumor is
not located on the anterior wall of the rectum.
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Two surgical dissection planes are possible posterior and
lateral to the rectum: between the fascia propria of the rectum
and the prehypogastric nerve fascia; and between the prehy-
pogastric nerve fascia and the parietal pelvic fascia. The first
dissection plane is better to avoid nerve damage. A dissection
plane behind the parietal pelvic fascia risks injury not only to
the pelvic plexus, but also to the levator ani nerves.**” The
risk of nerve injury varies with surgical dissection plane se-
lected.”®° The surgical dissection plane selected should thus
be considered along with the location and depth of the tumor.
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Abstract

Background A diverting stoma (DS) has been constructed
for many patients with low anterior resection (LAR), but it
is still controversial whether DS can prevent anastomotic
leakages. The aim of this study was to investigate the risk
factors of anastomotic leakage including DS construction,
and to evaluate the clinical course affected by DS according
to the necessity of urgent abdominal reoperation for
anastomotic leakage.
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Patients and methods This was a retrospective analysis of
329 middle or lower rectal cancer patients who underwent
LAR with mechanical reconstruction using circular staplers.
Clinical data were collected from five cancer centers in
Japan.

Results The overall anastomotic leakage rate was 10.0% (33
of 329). We experienced one mortality in this series (0.3%; 1/
329). Clinical factors associated with DS construction
included tumor location, operation time, intraoperative bleed-
ing, lateral lymph node dissection, simultaneous resection of
other organs, and the level of anastomosis, respectively.

On univariate analysis, high ligation of the inferior

mesenteric artery had a significantly high leakage rate, but
not on multivariate analysis. DS construction had no
connection with the overall leakage rate. Concerning the
clinical course affected by DS, the frequency of urgent
reoperation was significantly increased in patients without
DS compared with those with DS, 11.1% and 54.2%,
respectively (p=0.04).
Conclusions LAR was the safe and preferred option for
rectal cancer patients with very low mortality and an
acceptable leakage rate. DS did not have a relationship
with overall anastomotic leakage, but did seem to mitigate
its consequences and reduce the requirement for urgent
abdominal reoperation.

Keywords Rectal cancer - Anastomotic leakage - Diverting
stoma - Defunctioning stoma - Low anterior resection

Introduction
Anastomotic leakage is a major problem in rectal cancer

surgery, because a sphincter-preserving operation has
become standard for many rectal cancer patients. A
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temporary diverting stoma (DS) has been constructed for
many patients in low anterior resection (LAR). But the
indication of DS construction for patients without intra-
operative adverse events has not been clarified for a long
time. Theoretically, DS was constructed to divert the fecal
stream from anastomotic sites, and to protect fragile
anastomotic sites. But it remains unproven whether divert-
ing the fecal stream in itself directly prevents leakage.
Several retrospective studies showed that the absence of DS
was a risk factor for leakage in LAR, whereas others did
not. Therefore, it is controversial whether DS can prevent
anastomotic leakage. Although recent randomized studies
[1, 2] and meta-analyses [3, 4] have shown that DS reduced
the incidence of symptomatic leakage in LAR for rectal
cancer, there is still limited evidence as to the impact of DS
on leakage. Moreover, there have been few analyses about
this issue in multicenter studies with a large number of
patients from Japan.

The aim of this study was to investigate the risk
factors of anastomotic leakage including DS construc-
tion, and to evaluate the clinical course affected by DS
according to the necessity of urgent abdominal reopera-
tion for such leakage using data collected from five
cancer centers in Japan.

Patients and method
Patients

We reviewed the clinical data from five cancer centers in
Japan which participated in the “Studies on the standard-
ization for diagnosis, treatment, and follow-up of colorectal
cancer patients”, sponsored by Grant-in-Aid 18-2 for
Cancer Research from the Ministry of Health, Welfare and
Labor of Japan. All data on patient demographics,
comorbidities, and the histological results were investigated
retrospectively from the clinical records of each hospital.

From 2002 to 2004, a total of 329 consecutive patients
with primary rectal cancer underwent LAR, and were
investigated in this series. LAR was performed on patients
with middle or lower rectal cancer, and reconstructions
were done using circular staplers. Coloanal anastomosis
using the hand-sewn technique was excluded from this
study. Patients with subtotal colectomy, total proctocolec-
tomy, abdominoperineal resection, Hartmann's procedure,
or with pull-through procedures were also excluded.

Surgical procedure
The inferior mesenteric artery (IMA) was divided either

at its origin or below the origin of the left colic artery

g Springer

(LCA). High ligation of IMA was defined as dividing
IMA at its origin, while low ligation was defined as
dividing IMA below the origin of LCA. For oncological
lymph node dissection, we classify regional lymph nodes
into three groups: perirectal, intermediate, and main
lymph nodes. Perirectal nodes are lymph nodes in the
mesorectum along the superior rectal artery. Intermediate
nodes are lymph nodes along IMA between the origin of
the left colic artery and the origin of the terminal
sigmoid artery. Main nodes mean the lymph nodes along
the IMA proximal to the origin of the LCA [5]. Lymph
node dissection for UICC stage [ is complete dissection of
perirectal and intermediate lymph nodes, that is, low
ligation without lymph node dissection around the root of
IMA. Lymph node dissection for stage II, III, and IV is
complete dissection of all regional lymph nodes, that is,
high or low ligation with lymph node dissection around
the root of IMA [6].

After total mesorectal excision or tumor-specific meso-
rectal excision [7], we performed rectal irrigation, while
clamping the anal side of the tumor. The rectum was then
divided transversely or vertically [8]. After that, we usually
added lateral lymph node dissection for patients diagnosed
with stage II, III, and IV [9]. Although the extent of
lymphadenectomy for stage IV is still debatable, in the case
that every distant metastasis (stage V) was resectable, we
perform full lymph node dissection.

Reconstruction was done using a circular stapler. Most
anastomoses were straight, and colonic J pouch or
transverse coloplasty pouch was sometimes used at the
discretion of the operating surgeon. Intraoperative leak-
age test by transanal instillation of fluid or air was
performed depending on the surgeon. Pelvic drain was
used routinely.

Indication of DS construction

No clear applicable criteria for DS construction were
stipulated in the present study. The DS construction
decision was made by the individual surgeon in each
case.

Definition of anastomotic leakage

Anastomotic leakage was defined clinically by the presence
of the following: discharge of gas, pus, or feces from the
drain or wound; discharge of pus per rectum; or rectova-
ginal fistula. All clinically suspicious anastomotic leakages
were confirmed by one or more of the following image
diagnoses: contrast study; CT scan; rectoscopy. If these
cases were proven not to show anastomotic insufficiency by
these imaging studies, they were defined as pelvic abscess
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and not as anastomotic leakage. We did not perform routine
diagnostic imaging after LAR to detect anastomotic
dehiscence in clinically stable patients.

Variables analyzed

Variables included in this analysis were age, gender,
body mass index (BMI), bowel obstruction, tumor
location, tumor invasion, adjuvant therapy, level of
IMA ligation, lateral lymph node dissection, type of
anastomosis (single stapling technique, SST: or double
stapling technique, DST), pouch surgery, intraoperative
blood loss, operating time, DS construction, synchronous
resections of other organs (hepatectomies for simulta-
neous liver metastasis or extended surgery to adherent
organs, or additional cancer resections for double
cancers), tumor size, and distal resection margin of
specimen.

Bowel obstruction was defined as stenosis preventing the
passage of a colon fiberscope. Tumor location was
classified into middle or lower rectum according to the
main part of the tumor. Tumors in the lower rectum were
defined as those in which the main part was located below
the peritoneal reflection. Tumor location in relation to the
anal verge was preoperatively measured using rigid scope
or digital examination. Tumor invasion was classified
according to the UICC-TNM classification (6th edition
[10]) preoperatively. Tumor size and distal resection margin
were measured on the specimen before fixation with
formalin. The level of anastomosis from the anal verge
was measured with a digital examination. But due to the
retrospective nature of this study, when the data were not
available, the distance was calculated from the tumor
location and distal resection margin.

Statistical analysis

In the univariate analysis, the chi-squared test and Mann—
Whitney test were used. After univariate analysis, variables
with a p value<0.1 were selected for multivariate analysis.
A multivariate analysis was performed using a binary
logistic regression model. All p values <0.05 were
considered statistically significant.

Results
Patient characteristics
From 2002 to 2004, a total of 329 consecutive patients

underwent LAR. Patient characteristics were showh in
Table 1. One hundred and eighteen middle rectal cancer

Table 1 Patient characteristics

Gender
Male 215
Female 114
Age(years) 59.0£10.5 (23-87)

Tumor location (¢cm)
Bowel obstruction

6.1+1.7 (4.0-12.0)

No 305

Yes 18

Missing 6
Tumor invasion

TI,T2 108

T3.T4 215

Missing 6
Neoadjuvant chemo Tx

No 324

Yes 5
Anastomosis

SST 15

DST 314
High ligation

No 142

Yes 183

Missing 4
LLND

No 197

Yes 132

Level of anastomosis (cm)
Intraoperative bleeding (ml)
Operating time (min)

BMI (k/m’)

Tumor size (cm)

4.1£14 (1.0-9.5)
598+590 (10-3723)
240=104.1 (90-620)
22.6+3.1 (14.1-31.2)
44423 (0-12.0)
Simultaneous resection

No 292

Yes 37
DS construction

No 209

Yes 120

Values are number or mean=standard deviation (ranges)

DS diverting stoma, BMI body mass index, SST single stapling
technique, DST double stapling technique, LLND lateral lymph node
dissection

patients and 211 low rectal cancer patients were investigat-
ed in this series. Average distance from the lower edge of
the tumor to the anal verge was 6.1 cm (4.0-12.0 cm).
Average distance from anastomosis to the anal verge was
4.1 em (1.0-9.5 cm).

Neoadjuvant chemotherapy was performed for five
patients, but others were treated by surgery alone. Neo-
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