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Pull-through ¥ TIZME B FI R0 L 0 AT M CUx i T /8 £ © L 28R
TERWIH, Auerbach MR FEZ B R TE R o O IT KA <
v BT R L.

FE B 1 1%, A R B2 e T R B L2 lem M 72 D Auerbach # %
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131lmm To » 7=.
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THREMBEYD D 2RI TWVWE., v v B v 7 (Fig3-i)Tlix
HOA W X, RSB T D LB E R DR 30% 25 HE R
Tholo. BHMRHHEORIITBERAO T THRE D 226mm TH -
7.

AT N EBEEE X0 oMl £ TR S 4, Auerbach #f #2 5 28 #l 22 C
X 72 E 5, 7,9 TIiX, Meissner & Auerbach i #% &i il Ja © 43 47 1% 1% 1F
ML CThole., REMICHETZ &, EH 2,5,6, 7,9 TIEA Rk E M
Mo 23 W Il L 0 B IGE B TRV E TR b .
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HIEB O WA o2l (GEREGE O O W b)) o R E g A

&r

lem H720 oM ICHE L, #ff TRl 32 W & Auerbach #f #2 &i il
oL b L 7z (Table.2, Fig.4). JiE 5 8, 9 1% i o i\ 2 32 Wr C i £2 £ A0 @
DHBED L ZHER L2 Figd D7 7 70613 L7E-. SEF 1,3
4,6, 7 1T o OE 72 W T oo AR RS T AR I S &, A A M oo R T RE e 21
FIERULCThH oo, FEG 21T P REZ B ORI b 0 AW 5o M
fa e 57 < FEB Sy R Z M L 0 b BIERIGE © B Ml s
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% & &, Mann-Whitney BB & THA% 2 » A D 2B (JEB 4, )& A% 3, 4

by H O 5 HCEB 1-3, 5, 6)T Ol B4 © Meissner & Auerbach 7 £ ffi

MR B A b L 72 0 BT S 0 Meissner & Auerbach fi % i M R 2K X

ThENAE®% 2 2 HOWER Tk 93.3 £16.9 ffl/cm, 127.6 = 20.4 f#l /cm,

3,47 HOJERF TIX 94.0 £ 24.1 ffl/cm, 103.4 £21.9 fil/cm Tdh - 7=.

B3y AHRmM E 3 72 AU E 1 EAKHM TO Meissner 3 X O Auerbach

MREMREOKICAREETX o, A 24 r ADE LY 2 AT )L

v 7 E O IE R M E O Meissner #f % i M g #01% 93.77 + 20.9 {E /em,

Auerbach #f £ & # iz 201X 110.3 £ 23.0 ffl/cm T&H - 7=

5. BMREHBE EBITHOR I OLE

2-4 OFEF XV Meissner £ 72 1% Auerbach # £ #i M g @ & A7 1212 1F

W CCThv, BIREE O D MESOMBES 100 f#/cm Al Toh -

. I b EEEL, AMETEIUTOLGEZBITHEER L.

@ Auerbach #f % i 0 f2 %t (£ 7213 Meissner 5% &M M %) 28 IE &%
EEZOLND 100 fH/cm OFELU TOMyRN AU LE 5D D H
PH. +70 H, Fig.3-a~j T 5mm X720 20-29 HLL F 2 ¥ E 2L E
oo D

@ EMHREGBE L HEBEEZFEL, DORA O 5 b4y BT B R
5 & % @B o 5 fu b .

ETNENDOEF THBITHOR M L. Fig3-a~i ICKHTE
L, BUREBEOES L L LIC Table3 ICiE# Lz, ARG OB
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7. HE Y& 5 T X, Meissner #0 #% i Ml B 1380 KE 2F M fa <0 i & N R R
Auerbach #H R H M IL (X > = U Ml 70 &M o #fk & KB 23 D & 12 <

W23, Hu C/D TIEMREEI A 3R ROICERB SN DO DAY

THh o 7-.
2. MRRHEIME O~y BT, oA O BE
BV 2 ATV 2 T ek E PRk &Rl B E ek oo R LR A

(neural crest cells: NCCs)2» b % £ 5 2 I3 & M £ % (enteric nervous
system: ENS) OB BEAENKRRK EEZE 26N TWD . FA 4-5 812k
MR EIER O NCCs MRl (RE L 1-7) %A L, BAE 6HEIC
T TIEAEE o B A O R AN T 1A S AT A B i &2 NCCs 28 3l A T
L. — KT, REMKREIHRMB KD NCCs BHEBICHZET S L0 b kI
B A= 7 B REAL 6 AH I 0 NCCs 3t B (IR L= v 28) 22 b3 4E L,
B8 FmicEET 5. BAE 8BHIC NCCs IZRTOREI M
T 5. HDIZAL MM 2 & # AR I AT N FHET 52 L5, NCCs O
WEICHEENRELD L TEMREBERLELDILELLAL TS
I FE T, NCCs O — LB E R 28 5 THEBE ] Lo
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NEEINDZET, JEH 2,5,6,7,9D X 5 ICEBBEM LY LM
Bl CHR R I S LM E TR ODLNDMHEM IR D W REME S B
BN, A= XL THBE L TV,
WICIHEEMEEOSLICE L T, Wimfh g » oMb L7z K
Auerbach MR DR E N B S 5. £ D%, Auerbach # % # N o #h
s M A3 P e A R 2 BT L, RS T B IR S 2 L T Meissner
MREREIERIND EZE XD TWD 1 557 A 28 E BB s 5 X
D Ol £ TR DM, Auerbach it N8Bl T 7 ER 5,7, 9 TIE,
Meissner & Auerbach # R Hiflifla D 3 MW ITIZIER U Th - 72
3.0 R B2 W &0 AR B S oD R RR BN R B 2R oD bE g
JE B 2 XA RV R B2 B o RS R L0 b 1 W s o /i o 7 A D 7
Mmoo, v v By (Figl3-b)a MW+ 25 &, pRE MO H T2

PEIC AR HS — T o 0, A7 o IR R T U R AR 5 % 4 8 R T S

¢

Nl RERS S, EG ST PREZE L0 L OBREE OO MWk
D Fh R AR Sk 0 E D SN Dy o 2. il O JE B 1L Auerbach B % i
MRS D % v b LTV, JEF S IR ol 32 W o | 2
B2 o772 Meissner R H MR LITFML, 97 A S NT-72DY
AAELHBEN TV, BEBEANTLY —ICHREMEARL LR D
biFThwnwied, BEHAAIC L) MEEN LNl LD R0E SR
HEEZLND. PR P W TIE Auerbach # R Hi Ml 721 T 7z <

Meissner #f f Hi Ml a2 & W BFICFEM 2 42 2 & T, BRIZICX VR W

BB LOODXVHELRFNZITA L ATREELD S . FEH 8, 9 1%+
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REI MO FEO A ZHABLCIEFNTH L. JEM 81T 1 max2 X
JE B T H Vo, 1 WS o R A IR £ & AT R @ Taguchi B P K YE
(17% L b 10 ARl © Auerbach # % i ffl Ja £t 64.8423.2 fHl /cm) (3T
PECTH o7, AT 1ML EIX 1EF Lo <, IEWMEO R
TCT&Ehhol. JEM O TIEHBERSM CIFFREZMZITR -2
O, AW O EMREBEORMAFICIAS LR TERNoTLLESE
2 BID . AE G & F R B R BT B8 4 By 7 M RR Y R S AR
FLTWEEDH TN ET o mERHRE S AL N Y. KIEHE,
WMBICEBEREZ LT ERIBRBEL T D, AN REE T
EHAREEZEBES NERNDHDL LB X OND.

4. H i Z & o wh AR EL o

Taguchi b Y2 X 2 LRI OV, E % @O Auerbach #i £ # O 1 % &
MBEEITABSERICE s TRAESsT WS, AFRETHONLAR 3
ARG E, A% 3,4 7 A OSE BT P RS o Rk g R o i
BREEX 7o 7. Taguchi ST HEMN 3 » AR E 3 » AU LD
1 ETTHELTWEDL, AR TITAER 3,4 7 HOIEH OB &R
DR oToiod, MERHMBESLHB COREEZICEL THENRR
SoltEZOND. £, HD B RAEKEFSRRXKTE L O A DRI
ETNEN 12%,18% TH Y ', KON EHEITIT 96T 3 62135
HIEZAL TV . HDIC X 2BHELT TRIAMFEICLY S 512
EPNERLDD ZEDNTH I, FEREITIHBE ORISR, M REH

M O HAs e D WREME N S S i E R T o I E o R g O 53 A
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RBEMIT T LH2XETHLD, ANMETIIHD BEDOIGE O » & xt 4

LTz

50 M RHEIBGE EBITHOR S O
DIFHEBELCINPIH RO ELORIICLTTFRLD 5 DD

BAICHBE I TWD 2.

1) Ultrashort segment aganglionosis:[EFILME F 30D 1 IZAH b LD
AT, AR MREMERBEADH S E XA DTEH NS D,

2) Short segment aganglionosis: M # % &i 55 & 2SN B MG, S KA B ICRE
T5HD.

3) Long segment aganglionosis: E 55 2> & N A7 My, T8 dh & %2 & ¢
ARG kS 0.

4) Total colon aganglionosis:E 5 72° b # l5 K I Ak 5B D.

5) Extensive aganglionosis:fEM R H G E DN E M2~ 6 2F Ik L O
BT S D

RKWFE O3t G & 72> 7= 9 6 @ ¥k 4y 8 1L Ultrashort 2 2% 1 i, Short

B 5 6, Long BL28 2 0l T - 7=, JEB 4 1T A ECId B R E G E

X R T X o 722y, NP0 BT e oo #R R B e o A S R B Tz

fir #1203, T ATIC R B h T 7o 780 2 SO R 2 R S, B E DR

R & R B RR F R0 A /Aoy B Ultrashort BIC 53 S L 7=

S

SATHI, B RERE L EFBEOROLE Z2H L, MlZFai
(T AR E AR OB, KW RO FAE, 28O 9 HE SRR

BMHMREGHBERLIEIIERFEELIZBZT O TV IR, EELIL
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KR Eo TR0 ) RIFATHEHER TR LESGEBITH &
E&RLT.

BATH TIE, SEF 1, 3,5, 6 O X O 12 FR R A i 2s B B R 12 HE T
LIEBFMBIZTEAETH T, EH 70 L5 ICABMITEMT 5 EH &
R, Eio, PREEE MR IEEMEBEMEZ D & HEESM TN LY
LMl E TRODLNDZ ERHE SN TEB Y 21 B B C I 8o
HimEORE XN 33mm L ETH o IEH 2,5,6,7,9 THEEDF AN
AL, b E\MBEEGE N 100mm 2L EOSEF 5,7, 9 TIHBE
J5E 6 T 100 fE /em LA b o> w0 RE F M I A FE oD 7o A8, M R RI T IE R
HMEAHER TRV OIN Do, — 5T, BHEREBE ORI D
10mm BL N Tod o 7 5E B 1, 3, 4 T af £ AR 1305 MBS </l &
[l U@ S oM LTz, ARBFZE T MR lneE s EVIERIZE
B IR & b il CoMBEEMBO 2mENIT>E D AL,

BATH I, BHEEHBEIRITAWIEEVEEBITHLEY, L0 )
BEDN DD, BRFEIO P TEMREGIHEENRKE Th o EH 9138
THbVERECholc. L22L, WESEHTHEL THD EIER 9 L& &
H 12 Long M IC 43 A S v 72 S 5] 7 13 43 B e M R R EBG E 2% 2 1mm 58
DOENTOHT, MEREHMBENFRULTO®RMIZIZTLEALERLNLR
Mool FT, ER T XD L BB G E S EWIER 1, 3,5,8 LE
Bl 7 2T 5 &, BITHIZES 705380 ->77=. ZIiEH LB
BROMAZPEFLTWVWDAREEDL L0, BHKRHHENE T

bBITHEIAIEVWE I -HMICEE X o7z,
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P [T TS et AR C A % BT M B 2% 100 8 /em BA EFR O B0 T H, M H K
M TITEMMEREGELE CTHL2Z N D50, IR EZ W I
R AR & A5 R R et B > 8k - BT O ARk A BLZR L, AR ET MR o 4y A I
R =R D EHETHIZENEE LY. 2L THEIRS %
% Auerbach #f #% i #H fd 23 100 8 /cm BL B i g 23 H 5 4 & IE
WhE LR L, BARRSHEBEZORT 22 L BRGRFINT

BRERET D EEZD.

A 28 48 R
ARG B LB R T & MR IT 220

X Bk
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Table.1 Clinical summary of the Hirschsprung’s Disease patients.
Table.2 The numbers of ganglion cells in the intraoperative biopsy
specimens and the resected intestines at oral margin in the patients
of 4 months after birth or below.

Table.3 The length of aganglionosis segment and transition zone.

X @ 5 B

19



Fig.1 The histopathological findings of HE staining and
immunohistochemical staining using Calretinin, PHOX2B, BCL-2
and Hu C/D antibody (%x40).

Fig.2 The histopathological finding of immunohistochemical
staining using Hu C/D antibody (x4). The right side (antimesenteric
side) is normoganglionic zone (A ) and the left side (mesenteric
side) is aganglionic zone(A ). There is no Meissner plexus. A few
ganglion cells on the antimesenteric side in the Auerbach plexus are
positive for Hu C/D.

Fig.3 The color mapping figure of the number of ganglion cells.
Fig.3 from a to 1 show Case from 1 to 9, respectively. The right is
the oral, the left side is the anal side.

<«—»indicates transition zone.

*1: Area of intraoperative histological examination.

M: Mesenteric side, A: Antimesenteric side

Fig.3-j shows the rule of color mapping. The aganglionic area
indicates blue. The area there are 1-9 ganglion cells /5mm indicates
light blue, 10-19/5mm indicates green, 20-29/5mm indicates yellow,
30-39/5mm indicates orange, 40-49/5mm indicates reddish orange,
over 50/5mm indicates red. The area there is an absence of

muscularis propria layer indicates gray.
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Fig.4 Comparison of the number of Auerbach ganglion cells between

intraoperative biopsy and resected specimen.
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Hirschsprung’s disease (HD) is characterized by the absence of

ganglion cells in the myenteric and submucosal plexuses in the

distal intestine, resulting in functional intestinal obstruction. The

unique treatment for HD is surgery to excise the aganglionic

segment. We usually confirm the presence of ganglion cells by

histological examinations during surgery. A transition zone between

histologically normoganglionic and aganglionic segments exists in

almost every patient; this zone should be excised because the

residual transition zone may contribute to the obstructive symptoms

postoperatively. However, no definite criterion exists for the

number of ganglion cells present in normoganglionic bowel

segments in HD patients.
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The purpose of this study was to reveal the distribution and

numbers of ganglion cells in normoganglionic bowel segments in HD

patients.

We performed pull-through procedure in nine HD patients and

counted the numbers of ganglion cells in their bowels histologically

using immunohistochemistry with anti-Hu C/D antibody. In the

transition zone, the distribution of ganglion cells on the

antimesenteric side tended to extend more distally than that on the

mesenteric side. The number of Meissner and Auerbach ganglion

cells in the normoganglionic bowel of HD patients were 93.77 +

20.9/cm and 110.3 + 23.0/cm, respectively.
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The present study suggests that multiple tissues should be sampled

from both the mesenteric and antimesenteric sides for intraoperative

histologic examination. Moreover, the presence of at least 100

Auerbach ganglion cells per centimeter circumferentially should be

confirmed to avoid a residual transition zone.
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Table.1 Clinical summary of the Hirschsprung’s Disease patients

Case Sex Age(month) Comorbidity Caliber Change

1 Female 3 - S

2 Male 3 - R

3 Male 3 - S

4 Female 2 - R

5 Male 3 2 1trisomy S

6 Male 4 malrotation R

7 Male 2 - T-D

8 Female 20 - R

9 Female 4 21trisomy, VSD T

Sex(%) Age(month)(SD) T-D:S:R
Male 5(55.6) 4.9+5.7 2:3:4
Female 4(44.4)

VSD:ventricular septal defect, T: transeverse colon, D:

descending colon, S:sigmoid colon, R: rectum




Table.2 The numbers of ganglion cells in the intraoperative biopsy specimens and the resected intestines
at oral margin in the patients of 4 months after birth or below.

Case Age(month) Intraoperative biopsy Resected specimen
(Auerbach)(/cm) Meissner(/cm) Auerbach(/cm)
4 2 110 105.2 113.2
7 2 126 81.3 142.0
Average (/cm) (SD) 93.3+£16.9 * 127.6+£20.4 **
1 3 115 99.7 118.0
2 3 105 91.0 73.3
3 3 125 127.0 128.0
5 3 35 59.4 107.6
6 4 96 92.8 90.0
Average (/cm)(SD) 94.0+£24.1%* 103.4+21.9 **
Average of all cases(/cm)(SD) 101.7+£29.0 93.8+20.9 110.3£23.0

*: not significnant(Mann-Whiteny), **: not significnant(Mann-Whiteny)




Table.3 The length of aganglionosis segment and transition zone

Case Age(month) Type The length of AS The length of TZ

1 3 Short 4mm 32mm
2 3 Short 62mm 10mm
3 3 Short 8mm 21mm
4 2 Ultrashort Omm 12mm
5 3 Short 131mm 30mm
6 4 Short 33mm 9mm

7 2 Long 103mm 21lmm
8 20 Short 77mm 33mm
9 4 Long 226mm 49mm

Ultrashort:short:long AS(cm)(SD) TZ(cm)(SD)
1:6:2 71.6£73.9 24.1£13.2

AS:aganglionic segment, TZ: transition zone
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