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1. & =&

5% OREEE IR ASE RS KN B 7o O E
OWEEIASKRINL, FEIERIGEISEREIR T & TR A
TdH D, HEEEHILARAT 2 IR 2 68
WY ICHFIET 2 OPEHT, 22 L0 bEMOE
HERIEFMEHTH 5. G ILIEMREEE (agan-
glionosis) & V9. EMEEIETIEE S 2wt
PoME L, IEFMRRETER O A EIES IR LI
EHPIRT 5. SIEHI IR E VoD
RIS CEREBEET A LILLY, &
FHEEREGES S Lidh s,

2.5 38

KEG AR HETH B, ENTHHH
BEY 7 acquired aganglionosis DIREDL H 5.

3. 9% Bl

e R 5 (aganglionic segment) D& &2
L, T (short segment) # 80%, EIHH
(long segment) #110%, &H#i5# (total colonic) &
INEE (extensive) T 10%, FNTH b0 E
B (total intestinal) DRI AH 5 (1), T DIFHE

&l

A

DHFUTHHE T 30 EBALD T, SR
bIIZFEMETH 5.

B 5

BB OBIRIZEZ v, HAEB0 AT ATA
2 )S, MEEEO S g (7 & 2 A
AS TN OHFFHR) TIIEEDE . FIESE
Ba b, BEFFPLEBHAzALNE. SEHD
I L RGEFREZ 3% BETHS, Blbid3: 1T
BIRIE WP, REMPEHELD R b B
EH WY,

IR - JRiREEIE

8% o i B HHE HE (Averbach plexus) 3 & U
BT #hiksE (Meisnner plexus) O e ETHIIE 245
REPZRINS 5. ISR N $ 2 SEH 2
B ALY s & SRS TETE S B O T, &
MRS I ME L, 22 &0 RO EFEH
REBE AR 2. Fid R & O IE T i,
JEAAENELE 2 & O T EHILE B EREIR TERET 5
ZEMLe, EHEHEEISSHIELD IET S
Hra, BRSPS AR A L AR

EER =il 2iERR R
SIBBET

S REBEEXD

7 {1
158 12.0% &
IE 1 12.0%
NEE 13.0%

fad 1d 1S
G
Lt by
S
N ) (R

El 1 Hirschsprung iROSR( | BESEgEE)
EEEEH 1978~1082 5, [1EE [ 1988~—1002 %, I ES | 1008~2002 E)DEE
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TR D, AT AW DO IR AR S e
S ORI AE) 725 90% (2 b LA R s
I e A T, LIPS R E a0 4
Vo ENTH DA, FEMRBALE L TR S
NHZEbdib

w &

1. craniocaudal migration 0@

MG 612 JZ AT T, ARERES A S AR A
PHEALE O E D S ILPHC migration 5. Zh
DTG pDERTHES 2 &, 22 X0 EMOW
LA O W HINA A RN 3 5 (B 2).

iR

FEATHE & Aol SR B IR % L 2B IR (fibro-
muscular dysplasia) (B4 3) 4% 1/3 OHEBIZ A B
B9 WA OMBLO S BAFEDTS o & b IR
WZH /o, S A AR R C mild 2 AT e %
L, A 5.

3. EfEERE

FRHRE{zT & LT RET, ENDBR, SOXI10 7%

DEFEPPE SN TWE, FFHTE RET O
SUR;, JISE Tk ENDBR O 5% OREPI A%\ i
Mo b, /o, RIS MTI5E L & ORIk
D B

AE(R

WA RS 6 DTG, PR S
FRTHACAE PHISREIR CHEIE T 5 Z L 3% v itk
Wil s ai Il DL g B A, GRS
B L2 B A Loy ZAER T BT 5. F25E

D 1% BIM

SERET, Ry A B R CRE R S 1
HHEW,

TSNS 35T A 24 WG R AP L2 A5k
Tt S A SR HRIER IE AT 90% 12 A B AL A J]Ei%f’a
Bl X T O BRRIGAT S &, (AL
BRI OGS 7 2G50 5, F 7”"1175‘5%%’5:
Moz, oKkt rE2Ta bbb,
FLBAL PG TIRE D &I L& o i A i
B% 3 B A A 3 B (explosive defica-
tion). WsPHEH &3R4 D, GG A TH HHLE
DPEE - PET AT A BB,

[RARAEIR 3 & O EBRLHE X s HATE 2 B
GElbs R MR 2 & OBATFIDETEAFER L 20 I
Hld, FRER SRS 5.

XZW =

B2 BEBERMREHIE0 craniocaudal
migration theory
= | BERAMIR RO REEIE

Azan #xf8 (a) & Elastica van Gieson 2 @(b) [L.CKO HEDHEHEECIBELTWVA CEDDS
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1) EEBEs X BE
bo b ZVEHETRBELEICITANS
<, BHICSWEBOIREP BILL, BHIECHE
B ADRMB Y. EEREL/NEETRERO
Wik RO NA. NEHEEELZY, BB
LUTADHRLND.

KEDVEbDNLGEE, HEER, EBILMA
ERRE, ERHEEREIT). O3 0DBER
[Hirschsprung IO =Mz & Jidi, ok
ENTERVERIREZSBHTE 2. EHIZ
BENTELBRICBANATETHS.
2) FBE®

MRS ML L, 20 EOEFMIEEE
{IYERE S 5 caliber change # 27 % (B 4). EH
BREROGEH>FETIOICEELRBRETH .
272U, &XEBEICIEES D& P caliber change
BHRONDHEVHY, EEEZETL. NEET
i microcolon # £ L, e REEGHE L DL
WIEEbH 5.
3) BBRAIFAERE
EHFETREBZ V- CHELTHE TS L
LB OREAET T 2 BHILFRH IFEBETSH
B, FETIRINPRINT S, LcdtaT, 20
BEZITOREPHBHEIC BT, REEEETE 5.
4) EBSEEBOTEFINIUVIATS—F

Z=E
IOBERL o LV ERRIEVBRETHS.
BRGS0 3 5~10 mm BE OO BB % %
WL, TEFVNI) I ATFT—FREET.
IEECREETRBICEZEEHRE AL, HEH
BBIUCHEEEBIIBRBEEIIEILIAYALR
2, BETEHETEIRCEEEERDH
RL, HEGRISEEEBIIHESECEEN
C ALNB(HS). WESREENALNILOZ
ik L 5FET %
2. TEEEHR

EB IR (5 ERP 8T I
TEFNIAY) P TAFS-PREIZT

I2EBYD
. HEEAE

BHEFRICTEF LT AT 5 —YBiEE
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(oligoganglia)

(narrow  (aganglia)
segment)

B4 EBER (RIRAR) SRIEORR

HEOTEA, FEIET B TR 0 K AN ASEERR &
NHILTHE. EMESHBECHBEOREIIE
EBEEFEE Y, EHESROMEEIC LY
WROBRI 2 EN5.
3. #EREEH

ElGRASH, 12MA%REI4EH, Hirschsprung f48
BB (RE TR, ENSILOEBERER L
VH5.

BB

. TEIEREZENABEOTILIU XA

%*I‘“?EB%’%GJE#E”“‘”L BaERITEEEL
5, FEEETREBPBEEICLII Y bo—
VAR THIUL, BROBWTHREHE MR- TR
F‘ﬁ“*r%’:h 5. HERBHICRIBI AT ExbH 5

. BILFFR TR A BESENRE L, IIM
TV DT AR EETFEI LT A
RETHELZFHRTELOT, 3IPALBICFE
WxiToTwb ERETIEFERA LY AD
PIzHLTREL, HBHAEEOEFTHEICLD
BESh, ot AWRBEICALIIN % &%

L. BEEmMzE, CREWHZIT). 2B, EW

BEHEROEZIIINEAEREVPELZLOT, ¥

HREO7o—Fr—bxEeIIRT

2. T EEFGHSEEETTN)
EECEEFEHL EREFEETURLCE
EREEBETL ﬁk%ﬁ”?*%?%é,%w
%k

LT, OEMZESHHFIZIIELIIgRLT
# I Y& 9 % Swenson 7 (rectosig-



Es
a .

D & - AIP9

b
FRFIIYUIIATF S~ (AchE) LE
TEH. ¥ SR () 7R D

b Hirschsprung 75, $SEEHRD SHIREEEICHI T AL AchE BBtk iz
HEDEGZRDD. BRI IHEEREROSRIGEL, Ry hD—0%F
FERY 3
Hirschsprung FRODERFRAER
(BE, RS TIHIBNL, RARBHEMGENE, TEEaE)
‘
IR SR LR, AT
AchE BSEERHEIEE |
firhpeiRE2HT
ST fliiep a4
l l HRIEEHT - CISERSE, JBRER
/
Big~s RESEIC SHREEB K D PRl Z1SYaAN caliber change KD+ fID
caliber change 850D caliber change & D caliber change 78U HERERIC A h—0 &8
- TAEPT A REREEE TR,
TAEPT

?33%%%&{}@&5 8] HiERe L AT Z YT

ﬁfﬁmiﬂfﬁﬁ@
[EFEHE FEiEER
TAEPT WA T

# 6 Hirschsprung mODEEEE I O—Fv—b

moidectomy), @EMEHOEBORETELE through) # =R & LT, BEFFICLSEEG
BEOBAIEFEEE%5 2T A9 Duhamel & FRAEE L 20, FRAERORERE D AN
(retrorectal pull-through), GHEHEHOEE O AL CHE SN TE 7. Duhamel # T blind
HETHEL, EBHEEBEL A TORICER pouch % 7  TH#z & L TEES T GIA THv
BE %5 & T A7 Soave #:(endorectal pull- % ZHYPEHFHLHPETEREN, HDHFETH -
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LR WERT. HRESEVE
Hoil,
L2L, BEEOES

e . v e sl PP
I RELREGFLIIL A 184 ERS

<*
v
I
&
5
il
[
v
o3
M,
Ris
R
iz
ity
“HHt
&
B
Y
4
o~
nk
s
A
- 0w Y

7o, BEEEFHTIE, BEROWHEREI ATHR—
2EDTIPFOPEITHGF LR o7 EHIT,
BEESEFR2EBRL TV B, BEECLE
MBITEIESESNETH A D, EROFEEAEE
AP0 7 70—FDATHFTH B LI
BLT& FITI98EI, BEGETHCZW
P20 0BRECHLOZEILME 7V AN —
(transanal endorectal pull-through : TAEPT) %%
REEN, TOFEFERTH LR,
TAEPT TiEEICIZ & Bl % {, IEMERRE
Winize, HieMoEROBEECEEES L
Y A% EOLED RV, Bl R 7 AT R AT
TAHROI, BERAOBEIZLABEOERTCS
T DRSO, BHEPLOHTATR-IDAD
one port JEMESEFEN T TAEPT 25 Th 5. =2
DTS JEEIIER LA EF 2 vz, JEERIC
BOLAFHRTHA.

3.1 &

TAEPT ClZ, HEOLOIIMBOAXTY 5T
PUERBENH L. ZHYSTIE, WEEH

= FEEHE HEEEZo
1A ZEMIIEEL BoE
&%

tzéll

&

i
AN
8

&
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1o%  20%
200% 215% 15.8%
304%  B0% T.4%
53.8% 33.3% 35.5%
320% 11.0% 25.0%

71.0% 59.0% 83.3%

CHEICRE
153 1978~1982 £, 11 R : 1988~1002 £, NI 8 : 1098~
2002 £

gF - REATE

ERFEEI—RICBEFTH L2, ENREHER
BEDLDOTEVWNEE T, Treitz@H25 70
cm L EOENCRES R R EFBTEH83% L Fw
GE1). IhoOEIEBIEL 25700, B
Db BIRFECEGREEEILEL 2D,
TAEPT i oHHERE L, WHRESIHERS
BE L, IFPULARELBEBRENED. 1EL
FRET A L B RHMEREFE SN T A,

@33

1) Suita S, et al. : Hirschsprung's disease in Japan : analy-
sis of 3852 patients based on a nationwide survey in
30 vears. ] Pediatr Surg 40 - 197-202, 2005

2) Qkamoto E, et al. : Embryogenesis of intramural gan-
glia of the gut and its relation to Hirschsprung's dis-
ease. ] Pediatr Surg 2 : 437-443, 1967

3) Taguchi T, et al. : Fibromuscular dysplasia of arteries
in Hirschsprung's disease. Gastroenterology 88 : 1099-
1103, 1985

4) Hirose R, et al. : The simple technigue of rectal muco-

sal biopsy for the diagnosis of Hirschsprung's disease.

J Pediatr Surg 28 @ 942-944, 1993
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Suita S, et al. : Longterm outcomes and quality of life
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ease. ] Am Coll Surg 187 : 577-583, 1998

(HEO%E)

[3)]
=

6

ped



P

& W

1. E &

Hirschsprung fif8ssee (3850 &, EGAER
VTR IR AR AE 9 S 012 Hirschsprung
(H#) LR U &9 DfekE 2T RBOBITTH
% BECERECTHE, Raviteh ¢ pseudo Hirschsprung's
disease & LT 1958 4E 123D L 722 025540 C,
allied disorders of Hirschsprung's disease, variant
Hirschsprung's disease” 7 &2 & JIFh T &7z,
PDAETIE, A5 5T congenital oligogangliono-
sis of the intestine & LT 1964 4E 1255 LTLL
IEH S, TR 36 FE SR E RIS
JLALE LTRESPEERE LT, BITERK
F &r72Y. F 72 hypoganglionosis (21, BRI
{congenital) ® % & O &7 5§ H R (acquired)
DYDYV 5 EHFPAL P ko7, B
OGO Iz, T OFIERHRTTEHIM T 5 0
YRV APELN TR, BEOLIA,
B AR RE R DO L EFE R b DI
FHEA D DNV THHH, TNEORPITE
a0 b o L GRGEEBO S DPREL, £
NEHOBWHEEFEL o Ty, B -
HRICHESE LT L00BIKTH A,

2.7 3

JELE S8 ORFZEIE (DI T, MATO
DEB LU 2 RE R SE L, RESENET
RO ZHERCSEBCAEL TWDE(E1).
TR B B immaturity of ganglia(IG,
AR M R #E), # L T hypoganglionosis
(HG, WEMEEMaELE)., T2 con-
genital & acquired 2% V), & 51T intestinal neu-
ronal dysplasia(IND) # 2 72 4 JEBRH 5.

FEFTA IR HE L megacystis microcolon intesti-
nal hypoperistalsis syndrome (MMIHS, E B
BANEGFE BN 29E), segmental dilatation
(SD, M EL3EE), internal anal sphincter
achalasia(IASA), chronic idiopathic intestinal
pseudoobstruction (CITP, {&YE4F &AL ME 1 B 48
FE) DAFEEE LT A, & g BN S8
LIl REEEZ BRLD 75?, CIIP & SD & —#
& acquired HG B RUCH 5.
3. % #

IR OFER I IG, congenital HG, MMIHS,
CHP id&lBE Iz kA, —75, IND, acquired HG,
TASA, SDEHRBEORELEZ NS,

g %

HEiE 4 5000 A2 1A, 2% WHEODY
E O M AERIEH 100 HF AR OT, 14K 200 A
BHEL T A, —J7 HEEEE, 1993~1996 £
RO T, HEBEOIE O 105E7ETEDE
F TR L 2 SRR AEE 130 Bl TH - 227
PR 23~25 4F R A 5704 O R 7L BE (HH D EE)
SEFRATIE, 2001 445 2010 4E F T 10 4
2R 3B0BITHAY. B FORRERT.
FRORAES EBNFZIZIZEN L T2, B
PERAT I 25T 100% 2 0T, DA ETIE
WFNOFA T b congenital HG & CIIP OEMIEL

WL, 2REBEVE L. BT 104ER T, Fi

EN100 PIRETH 5.
I

e RER TR, IG i HERE (Auer-
bach plexus) lXIEH MK & & TR
EFI e linTd 555, WIREEOES
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B HERRRORERIE 19, pvd

a : CliP(normal}, b  immaturity, ¢ © congenital hypoganglionosis, d : acquired hypoganglionosis

F1 HEREREODHERICSIT DEGIE

G 28(7.9%) 26(24.1%)
HG 130(36.6%) 44(40.8%)
congenital 121(84.1%)
acquired 9(2.5%)
IND 18 51%) 5(4.6%)

MMIHS 33(9.3%) 9(8.3%)
sD 43(12.1%) NE
IASA 3(0.8%) NE
clip 100(28.2%) 24(22.2%)

(MA3= (85) : Hirschsprung FHIBE B—RIERHE L 2
W - HEOWGE. AR, 1997/HOEE, i Eag
R S E S8 2 4 B Sk v 1 B AR TR gE i (el ik
HEBIIIRIIREEEE) — MR D & OB R A Sikin
EBREOOENRENRE Y — L L ART A FI4 o {E
B R 24 REERAE - BT REESE Y (BiveftrE W
CIEEE), 2013)

NS L HatkAs A e vy (B 1), congenital HG Gl
MEHF AN S, WEEHROEDD R ke B
bAEW(E e, ~ 3 E RN MR
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DHEHE) . acquired HG MO A E SIEFT
HBHY, WEEHROEE LRSS ALRT ) T
MM L T 5 (E i-d, —~3ZE%L Mg
HiMARE ). IND T 45 B F # 4% 3% (Meissner
plexus) ® 1 %72 b OIEMILDO A £ giant
ganglia & Li¥N D, & 512, AchE BiEEHEATH,
IR IEEE B E LTB Y, HEERER
OFTREHBIEL LTS, L L HGE S
MO R E DAL A ST L TR v,

MFEAB ER TS, AR L USRI T
WL BICERTH L (E1-a). Lo,
WeEB WX B AR & ) MBS EET
HbHZ L EFHT HLENSH L. 4B CIP T,
= A A=A —HIATH B Cajal MIIED D 7 v asE
BFHFHE SN TS,

TS

E{ AP THL. acquired HG 13, BFRWER
TIHEMEEMIRAEET B EEZ oNBY, B
FZoWTIEHARHTH 5.



D [ - BIry

immaturity

dienosis
B2 | R L2 |
A== A=
IR BN
Y

S TR
|

Bk, A h—v
PN - Eig5E

(RFAATERLET] |

acquired ;

hypoganglionosis

nomml.ganglia 1, ﬁﬁ@%”
()

; it
SR AR
acquired y
hypoganglionosis

l

IRERESE

l

SRSRBBEIRR

B2 HIEREER(HZEHIRERER) ORI E T
HTETPRIREOBE

B PRAEAR

A W & D NEERIS G, NN 2 &
AL E HEREIR CRIET 5 Z A% v, IG#
congenital HG $° MMIHS (3848 Ly 2% &
7oL, /T H R B PASE & SR A 8 L
B FILRHIDIE T, By ATEE R ER R
M THRENDEELH 5. CIIP T, fE
RO & IR TN B HE1H 5.

2 - RE

DIEEPEAE XM A Lo AJEIRTHRAET B FEHIL,
No'E B YRR & SR BEMEAE A NS, /)
WP L e ), BB P LI AN ALRS.
@7ENEER © IG 13 microcolon # B¢ 5 Z £ 0%
MMIHS & microcolon & 4858 & I H % 2
%, FLTEEMNOB~OBES BMFRNHA SN
%. SD i, #HIbE&EE CHOIE L EROB
BIEREHAATA LI Ea NS,

@E BRI AL O AchE 4 - IND T giant
ganglia & AchBE B OEENLA LS.

vy,

OWE WA PIEMAS © RUIL P BU 50 ik & 721
MG ECH B, 7272 L IASA T, I
AN AchE IR Cd A 2%, FEIILF BU
DTS H. 070, WEMBEO X b Tk
VW ultragshort segment aganglionosis & [f] 3555 C

Wbh bbb,
EEE&EER (™, 3)

IGIEHHAERA Ly ATHEL, BB ALILM
ERESND, Tok, HHOEE &b g
AR LIED B < £ 91245 & AL
SHTTRETH A, congenital HG & SD (G HLFESRIEE
T & 0 BRARREIR AR 4. IND W, RIS
& B L R OB E v o BRI
B, FloWRO—FMIE L 2GR L
RYORE»E ) PREMBTAIER DS, ik
&, 1R TREFTHALNE ZOBIT
ETHVWEWIERDD S, 1 RERNTIND OFF
RAPALNTD, BENERICEITBITI200
PREGEEZ LS, IASA b EROZIETE
THRREND, BETIEIEL DENZET HHE
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segmental

dilatation

[ mara(rLox, mam, @an) | [ Be uoz | | B BEEs |

!
e BRI
ARFEE oF
PN - RIEHE ﬁg@gﬁﬁ
Bk A h—< B
REEBEIRR

Nﬁﬁﬂ%ﬁ@ﬁa]i%@l i

H3 HEGES(RRERRESS) ORLoFE

EFETRTREDEE

L 5%, bPETRINTHD. HEIZIILM 7
U, HERHIEA, RYUXA PRI EAR
EHFEEENTVE, INLDERIETFHRET
BEwib,

—75, WEHBEPL . BHEOERSHER
7o FAET A b DX congenital HG, MMIHS,
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Abstract

Purpose Intestinal neuronal dysplasia Type B (IND-
B) has been proposed to be an allied disorder of
Hirschsprung’s disease (ADHD). The original histological
criteria included hyperganglionosis, giant ganglia, ectopic
ganglion cells and an increased AChE activity in the lam-
ina propria. The criteria for IND-B have been gradually
revised. The present diagnostic criteria are [1] more than
20 % of the submucosal ganglia contain nine or more gan-
glion cells and [2] the patient is older than 1 year. To clarify
the current status of IND-B in Japan, a nationwide retro-
spective cohort study was performed.

Methods Questionnaires were sent to 161 major institutes
of pediatric surgery and gastroenterology in Japan.

Results A total of 355 cases of ADHD were collected,
including 18 cases of IND-B (5 %). Based on original crite-
ria, 13 out of 18 cases were diagnosed as IND-B. However,
only four cases met the current criteria. Three of the four
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patients (75 %) required pull-through operation. All of the
patients exhibited giant ganglia and ganglioneuromatosis-
like hyperplasia of the myenteric plexus.

Conclusions IND-B cases matching the current criteria
are thought to be quite rare and they are associated with
marked hyperplasia of the myenteric plexus. “True” IND-B
is a rare and intractable disease.

Keywords Intestinal neuronal dysplasia - Allied disorders
of Hirschsprung’s disease - Variant Hirschsprung’s disease -
Giant ganglia - Ganglioneuromatosis

Introduction

“Allied disorders of Hirschsprung’s disease” (ADHD) have
been understood to be conditions that clinically resemble
Hirschsprung’s disease (HD), despite the presence of gan-
glion cells in the terminal rectum [1]. The patients with
Hirschsprung’s disease generally present in the newborn
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Table 1 Classification of variant Hirschsprung’s disease (Puri P.
1997)

1. Intestinal neuronal dysplasia Abnormal ganglia
2. Hypoganglionosis

3. Immature ganglia

4. Absence of argyrophil plexus

5. Internal anal sphincter achalasia Normal ganglia

6. Smooth muscle cell abnormalities
7. Perinuclear vacuolation
8. MMIHS

Table 2 Classification of the allied disorders of Hirschsprung’s dis-
ease (Japanese study group for ADHD)

Morphologically abnormal ganglia (HE or AchE)
Immaturity of ganglia
Hypoganglionosis (oligoganglionosis)
Congenital hypoganglionosis
Acquired hypoganglionosis
IND
Morphologically normal ganglia (HE or AchE)
CIIP (idiopathic CIP or CPO)
MMIHS
Segmental dilatation of the intestine
TIASA

period with delayed passage of meconium and abdominal
distention, or as young children with severe chronic con-
stipation. The patients with ADHD show similar symp-
toms and signs to HD, however, they can be distinguished
from HD patients by the pathological findings. The term
“Pseudo HD” was proposed to describe these disorders by
Ravitch in 1958 [2]. They encountered patients referred
for the treatment of megacolon in whom the difficulty lay
elsewhere than in the congenital absence of ganglion cells
of the myenteric plexuses in a segment of the rectum or
the colon and rectum. Ehrenpreis summarized these con-
ditions as “HD and allied disorders” in the “Seminar on
Pseudo-Hirschsprung’s Disease and Related Disorders”
[3]. The main point was that the various disease patterns
were essentially determined by their underlying pathol-
ogy He classified ADHD into two categories based on the
histological findings: those with abnormalities of ganglion
cells and those without abnormalities of ganglion cells.
In 1997, Puri proposed that “Variant Hirschsprung’s dis-
ease” (VHD) is a more appropriate description, and that
VHD includes eight disorders: intestinal neuronal dyspla-
sia (IND), intestinal ganglioneuromatosis, hypogangliono-
sis (HG), immature ganglia, the absence of the argyrophil
plexus, internal anal sphincter achalasia (IASA), smooth

@ Springer

muscle cell abnormalities, perinuclear vacuolation and
megacystis microcolon intestinal hypoperistalsis syndrome
(MMIHS) [4]. The former four disorders are considered to
be associated with abnormal ganglia, while the latter four
disorders are considered to occur in patients with normal
ganglia (Table 1). We therefore decided to use the term
ADHD, because Holschneider and Puri have used this
term in their book Hirschsprung’s Disease and Allied Dis-
orders [1].

In Japan, E. Okamoto and A. Toyosaka used the term
“Pseudo-Hirschsprung’s disease” in the Japanese literature
[5]. They defined this term as a congenital, non-mechanical
obstruction of the intestine with the presence of intramural
ganglion cells in the terminal rectum. He classified the dis-
eases into two categories based on the histological findings
of abnormal or normal ganglia. The abnormal ganglia were
found in patients with immaturity of the ganglia (IG), HG,
hypogenesis, and IND, while those with normal ganglia
included patients with chronic idiopathic intestinal pseu-
doobstruction (CIIP) [6] and MMIHS.

According to the literature and the previous Japanese
version of Okamoto’s classification, ADHD was classified
into two categories depending on the pathological findings
in terms of the acetylcholinesterase (AchE) staining and/or
HE staining: (a) Abnormal ganglia, including IG, HG and
IND, (b) Normal ganglia, including cases with MMIHS,
segmental dilatation (SD), IASA and CIIP (Table 2).

IND was first described by Meier-Ruge in 1971 in chil-
dren who presented with clinical symptoms resembling
HD [7]. The histological findings included hyperplasia of
the submucosal and myenteric plexuses, and an increased
acetylcholinesterase (AchE) activity in the lamina propria.
Fadda et al. classified the diseases into two types, A and B,
where Type A is very rare (<5 %), and the majority of IND
cases are classified as Type B [8]. IND Type A is character-
ized by congenital aplasia or hypoplasia of the sympathetic
innervation. Patients with IND A typically present in the
neonatal period with abnormal distension, bowel obstruc-
tion and episodes of diarrhea with hemorrhagic stools,
while IND Type B is characterized by hyperplasia of the
parasympathetic plexus and the symptoms of patients with
IND B are resembling Hirschsprung’s disease. Recently,
isolated IND-B has been considered to be almost synony-
mous with IND. There have been several reports describing
the histology of IND, and as a result, the typical histologi-
cal findings have thus been established as hypergangli-
onosis, giant ganglia, ectopic ganglion cells and increased
AChE activity in the lamina propria and around the sub-
mucosal vessels [9]. These criteria are considered to be
“original criteria”. Two disease types, an isolated form and
association with Hirschsprung’s disease, were reported
shortly after their report [10]. At present, IND-B refers to
“isolated” IND-B.
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Table 3 Summary of 4 cases of “true” IND-B

Year Sex Birth Onset

Symptom Plain X-P  Baenema Manometry Rectal Operation (age)  Histology of operative Current Medication
of weight biopsy specimen condition
birth (age)
1 1999 M 3,328 Neonate Constipation, None Not No caliber Reflex (—) Giant Soave (3y 7m) Giant ganglia, gangli- Mild con- None
failure of available  change, ganglia oneuromatosis-like stipation,
thrive megarec- BySm) hyperplasia of Auerbach  occational
tum supposi-
tory
2 2001 M 3,262 Infant  Distention, Dilatation Caliber Notdone  Giant TAEPT (ly 7m)  Not available Defeca- Necessary
fail'ure of f’f ' change, ganglia  Colon biopsy (2y Giant ganglia, gangli- tion from
thrive intestine  megacolon (10 m) 7m) oneuromatosis-like colostomy
hyperplasia of Auerbach (x?ca‘sional
. irriga-
Trtansversse colos- Not available tion from
omy (5y) stoma
left hemicolec-  giant ganglia, ganglioneu-
tomy (7y 6m) romatosis-like hyperpla-
sia of Auerbach
Partial colectomy Giant ganglia, gangli-
(8y 4m) oneuromatosis-like
hyperplasia of Auerbach
Re-colostomy at  Not available
right colon (9y
10m)
3 2005 F 3,260 Neonate Distention, Dilatation Megacolon  Reflex (—) Giant Sphincter myec-  Ganglioneuromatosis-like Annual Necessary
vomiting of intes- ganglia tomy (2y) hyperplasia of Auerbach  enemas
tine Qyﬁ M) Colostomy at left Giant ganglia, gangli- (every
Giant ) colon (2y 6m)  oneuromatosis-like 2 days)
4gangha hyperplasia of Auerbach
“y) Laparoscopic Giant ganglia, gangli-
pull-through oneuromatosis-like
y) hyperplasia of Auerbach
4 2011 F 3,430 Neonate Distention, Minor (club Dilatation Megacolon Reflex (+) Giant Not done Annual None
vomiting of ganglia enemas
intestine (6m) (every
Giant 2-3 days)
ganglia
(2y Sm)
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Fig. 1 The histological findings of a specimen of left colon at 3y 7m in Case 1 (HE). a Giant ganglia in the submucosa. b The myenteric plexus

shows a ganglioneuromatosis-like hyperplasia

The incidence of IND-B varies depending on the insti-
tute and by country. There has also been debate about
whether IND-B is a real disease. Furthermore, the criteria
for IND-B have been gradually revised by the Meier-Ruge
group. The diagnostic criteria used at present are: (1) more
than 20 % of submucosal ganglia contain nine or more
ganglion cells (with at least 25 ganglia evaluated) and (2)
the patient must be older than 1 year, because giant gan-
glia may be misinterpreted in infants due to the fact that
immature ganglia and AchE activity in the lamina propria
mucosae have been shown to be age-dependent phenom-
ena that disappear upon the maturation of the submucosal
plexus [1, 11, 12].

To clarify the current status of IND-B in Japan, a nation-
wide 10-year, retrospective cohort study was performed.

Patients and methods

As a nationwide retrospective cohort study, supported by
the Ministry of Health and Welfare, Japan, preliminary
questionnaires requesting the number of cases of ADHD
seen from January 2000 to December 2009 and the crite-
ria used at each institute, were sent to the 161 major insti-
tutes of pediatric surgery or pediatric gastroenterology,
representing the core members of the Japanese Society
of Pediatric Surgeons, the Japanese Society of Pediatric
Nutrition, Gastroenterology and Hepatology and the Japa-
nese Study Group of Pediatric Constipation. Therefore,
almost all institutes which were treating ADHD were con-
sidered to be included. The number of patients, including
the definite and suspected cases, based on the tentative
classification of ADHD (Table 2), was requested. We also
asked about the criteria used to diagnose these diseases
by each institute to be answered as free descriptions. The
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criteria for “definitive” or “suspected” depended on each
institute.

As a preliminary study, the questionnaires asking about
the number of cases of ADHD, including IND-B, and the
criteria for each disorder were sent to the 161 major insti-
tutes of pediatric surgery and pediatric gastroenterology
in Japan, to collect information about the cases of ADHD
treated during the 10 years from 2001 and 2010. The crite-
ria for IND-B used for the survey were the original histo-
logical criteria [9], as described previously. Subsequently,
a case report form with a questionnaire for each case was
sent and collected as part of a detailed survey.

This study was performed according to the Ethical
Guidelines for Clinical Research published by the Ministry
of Health, Labor and Welfare of Japan on July 30, 2003.
This study was approved by the ethics committee for clini-
cal research of Kyushu University Hospital (No. 24-163).

Results

Responses were obtained from 157 out of the 161 insti-
tutes (98 %). Ninety-five institutes (61 %) had treated
a total of 355 ADHD patients. These included 18 IND-B
(5 %) patients. According to the answers to the question-
naires, 69 out of the 95 (73 %) institutes which experienced
cases of ADHD had some diagnostic criteria; 34 out of the
69 (50 %) had criteria for IND-B. The major criteria for
IND-B at these institutes were as follows: increased AchE-
positive fibers in the lamina propria in 17/34 institutes
(50 %), ectopic ganglion cells in 14/34 institutes (41 %),
giant ganglia (>5 ganglion cells per plexus, based on origi-
nal criteria) in 13/34 institutes (38 %), severe constipation
or rectal dysmotility in 9/34 institutes (26 %) and hyper-
ganglionosis in 6/34 institutes (18 %).
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Fig. 2 The histological findings of a full-thickness specimen of left
colon in Case 2 at 7 years (HE). a Giant ganglia in the submucosa. b
Prominent ganglioneuromatosis-like hyperplasia of myenteric plexus.
The histological findings of a full-thickness specimen of left colon in

Out of 18 case report forms sent as part of a secondary
survey, 15 were subsequently collected. Two of these cases
were excluded because they were a duplicates, or because
there were no histological criteria for IND-B. Finally, 13
cases of IND-B were included in this survey. The clini-
cal symptoms were abdominal distention (12/13), vomiting
(6/13) and constipation (6/13). Histological exarninations
showed giant ganglia (7/13), increased AchE fibers (9/13)
and ectopic ganglia (5/13). Surgical procedures (enterostomy
and/or pull-through) were performed in seven cases (54 %).

These 13 cases were then reevaluated according to the
most recently used diagnostic criteria [1, 11, 12], which
stipulate that [1] more than 20 % of at least 25 submucosal

Case 2 at 8 years (HE). ¢ Giant ganglia in the submucosa. d Promi-
nent ganglioneuromatosis-like hyperplasia of submucosal plexus. e
Prominent ganglioneuromatosis-like hyperplasia of myenteric plexus

ganglia examined contain nine or more ganglion cells and
[2] the patient must be older than 1 year. As a result, only
four cases met the current criteria (Table 3). All of them
were injtially treated by conservative therapy, including
enemas and laxatives. One of the four cases (Case 4) has
been successfully treated conservatively. One case (Case 3)
underwent anal sphincter myectomy at age 2 years, but it
was not effective. Finally, three out of the four cases (Cases
1, 2 and 3) required bowel resection and pull-through [13].
Currently, two out of the three patients that were surgi-
cally treated still required enemas or suppository, and the
remaining one required a permanent colostomy. Two cases
(Cases 2 and 3) still require medical treatment.
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Fig. 3 The histological findings of Case 3. a AchE staining showed
a markedly hyperplastic Auerbach’s plexus in the rectal myectomy
specimen. b HE staining revealed giant ganglia with ganglioneuroma-
tosis hyperplasia of Meissner’s plexus in the left colon. ¢ AchE stain-

All of the patients showed giant ganglia, including more
than nine ganglion cells, in the submucosa after they were
1 year old; full-thickness specimens from the three surgi-
cally treated cases showed marked hyperplasia of myen-
teric as well as submucosal plexus (Figs. 1, 2, 3, 4). In
these three cases, hyperplastic plexus showed an increase
in all elements of the plexus, including Schwann cells,
neurons, and ganglion cells. These findings are mimicking
ganglioneuromatosis of the gastrointestinal tract-associated
MEN-2b [14].

@ Springer

ing at 4y showed markedly hyperplastic ganglioneuromatosis-like
hyperplasia of submucosal plexus in the right colon. d HE staining at
Sy showed giant ganglia with a hyperplastic ganglioneuromatosis-like
appearance in the submucosa in the transverse colon

Discussion

IND was first reported by Meier-Ruge in 1971 [7]. Shortly
afterward, Puri et al. reported a case of IND associated with
HD [10]. Fadda et al. classified the disease into two types,
A and B, with the majority of IND cases being classified as
Type B [8]. Recently, isolated IND-B has been considered
to be almost synonymous with IND. Therefore, we col-
lected the cases of isolated IND-B as “IND” cases in our
Japanese survey.
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Fig. 4 The histological findings of Case 4. a AChE staining at
6 months of age showed giant ganglia present in the submucosa and
AChE-positive nerve fibers in the lamina propria. b AchE staining at
2y 9m showed the persistence of giant ganglia and hypergangliono-

IND cases have mainly been reported in Europe, and
the incidence in Europe has been noted to be very high in
some reports [15]. In contrast, IND cases have rarely been
reported in the USA. Some pediatric surgeons in the USA
have pointed out that strict descriptions of IND were lack-
ing in the European reports, and the disease should not
yet be accepted as a definite clinical entity [16]. The 4th
International Symposium on Hirschsprung’s Disease and
Related Neurocristopathies in 2004, which many leading
pediatric surgeons from the USA and European countries
attended, reached the consensus that: (1) almost all of the
participants believe that IND does exist. (2) Some believe
in the presently defined diagnostic criteria, whereas oth-
ers suggest that these diagnostic criteria are not sufficiently
reliable. (3) Some participants question whether IND is
a truly separate entity or is an acquired secondary phe-
nomenon related to long-standing constipation or chronic
obstruction [17].

Further pathological examinations have shown that
giant ganglia are present in the submucosa of the normal
neonate and infant, and gradually decrease during devel-
opment. The AchE activity in the lamina propria mucosae
has been shown to be age dependent, and disappears upon
the maturation of the submucosal plexus [18]. Ectopic gan-
glion cells in the lamina propria and AchE-positive fibers
around the vessels are also sometimes seen in the normal
mucosa of the intestine (personal experience). The criteria

sis in the submucosa. AchE-positive fibers were not prominent in the
lamina propria. The density and number of ganglion cells were lower
compared with those at 6 months

for giant ganglia have been changed. The number of nerve
cells per ganglion had already been noted to be three to five
in controls [19], therefore, the initial criterion for giant gan-
glia proposed by Kobayashi was five or more ganglion cells
[20]. The number was then increased to more than seven
[21], and then finally nine or more [1, 11, 12]. The criteria
for IND-B have been gradually revised by the Meier-Ruge
group to the current diagnostic criteria [(1) more than 20 %
of 25 submucosal ganglia contain nine or more ganglion
cells and (2) the patient must be older than 1 year]. They
recommend that the diagnosis of IND-B should be avoided
in the first year of life due to the potential of a misdiagnosis
in infants [1, 11, 12].

In our study, there were only four “true” cases of IND-B
matching the most current criteria treated during a 10-year
period in Japan. All of them showed giant ganglia in the
submucosa, and three out of the four cases underwent sur-
gical resection of the left colon. The histology of full-thick-
ness resected specimens showed apparent hyperplasia of
myenteric plexus, mimicking ganglioneuromatosis. Some
of the submucosal plexus showed similar findings. Based
on these findings, giant ganglia in the submucosa may indi-
cate the presence of ganglioneuromatosis-like hyperplasia
of the myenteric plexus, which may cause motility disor-
ders. Similar cases had already been reported in a child in
Austria in 1981 [22], as well as in an adult in the USA in
1984 [23]. In 2003, there was one case of neurofibromatosis
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