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TV FETH D,

E. fh

AFZEIZ IV TARERIZ B W T/ NEHNC I E
T DB FRIOFIENTEAITV, JRIKRE &5
TEDFER 2D D7D 7 LT XA %EAE
AL, ZAUS Ko TREEMEEGIE THIE 2 E 7%
L7ze AWFFEIEBAFICIT D BIKANI O
TaME TRPEGIORRE L | B/ 72IwIRR BRI
L7 5,
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BCJNRME, FHARACH, H bk, AT
B, FENHHL, TEKRE, wiEh, E
s, AKVEEEE, NHE—, EkRE
1, AF 5 wiEs, HHEER, 1§
AR, HP A BANEEEH AT
i 33(2) 1110-127, 2019.
INRBEREREORARE . KA,
R LA, LRSS, ARRER, HEmE,
FAHE. ARG R MES
34(1) :11-19, 2019.

CLIPS: < VKT T —T VYTV T A
TRV RRHK, KBTI /NS
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HOR 1 T RIE
BT ILTIX L

HARITH T 2 BRI L < TH

RRIAHY

§—~$§)bgﬁ Bacterial over growth

Y IB bELEn c ¥

BRED Hirschsprungf&
HiFERIR B0y

ARTAILR
/A7 AILR
TTF/IANLR
CMV7 &

=g o

Fip - 8 - BINEM - RIT - REAOEE - BERNR(R
E-BYTLLF-)  AEYMBEOER. TRORIEE

EREK mIRIATL
BE

EaER

KT

Sudan NI (+)
iR EERE

mAfgAMEE 23
SN S M REIR

) = RIBTE

- [EESE RV RRAETE

A NYNI T AN EDREIREE
B S oI & B EERINEE

5
BYRET HET
HETS LEESL

REFHO T H%S
FRRMEH#IATE TR

- RAEMBER Na*
-REEEIPEX 270 mEql/L
FRERL) NG
B R IRAEIRR “VIPoma
-lﬁﬁ;ftﬁl{ﬁ%: \J BYEASRIEBGE AILFIAREE B H AN "
B RMECMVEE R AE BRI RS RE *Zollinger—Ellisonfi {58 :f ?ﬁ;f{;;ﬁﬁ
U7y 7% -MEN2 -VIPoma .
- FRR AR RETULESE
TUY VR E
T RIEE

Toddler’s diarrhea

PR 7 REIR SR B E (MRCD) BB iE
#&p!);REH MIE

TI5—H RIBE

I TOXF—ERIBE

Tufting enteropathy (e X 1E/M5 £ R ERZRUE )
Neurogenin-3;8{5 FE®IE
KRIEI2ENDEEEREE

- RERIRT SAE

TR AV b—RRIR T £IE
SERMFLETRMIE

A AV RFHEN ERR RIBAE
CZRIEELNES ZRERRRIN T £ 4E

FFERINAERN DN SEE, #HEEE (7 Py
Wi RBE. SoabE, ZEHE, AL oORt 0 AMRER,
> 2 W EKRIFAGERIR & i T L CHRIIT %,
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I1. BB TRUEZW 7 v T U X A OE

@ THEHRICENT 2 BRELL ERE< TH OBE7T LY X A LR N
JiE D TE 7%

@ HEAEREICB O TREERI RN SN2 5E

@ Bacterial overgrowth % & /=45 5% B

@ (fnfE - KGR - RV SO B 0O T

® Mo TIEE 572V KB T

® o TIkF AR T

@ REWifE

1L REBES 1  BIGETHEZSKM T AL ITY XAOMES : 7LV XAICEEH
%R B OREHR.

1. WBRBIEMRE (YR IHIE)
. REARIREE
. BRMEY A B AT a7 AV A EYE
CUTNTTRE (T 7 VR BUE)
. FRGRE R
bV 2 ATV TR
. BT o ATV TR R
. HOREMEE - IPEX JEfRE
. B AR E A R

1) VIP FEAENER
2) HANY VEAEE
3) WIF A RNiEE
1 0. TiEE AL
11. FT7UAR—F—BEIE

1) JeRM7 v —v FHE

2) SERMET N U U A THIE

© 0 N O O bk W N



3) XKW Nva—A-A77 7 b— AW EIE
4) FHERI AR ANE

1 2. il RAESE

1) S RMEFLAEAME

2) TalEe A RIFNE ORISR RIBIE

13. YaUynwyr - BATE NEGR

1L RABER 2 : B TREZKH TNV TY XLOMEH : TAITY XLICEE
N TORWR B DAL
1. Toddler’s diarrhea
I b3y R 7k g R EE(MRCD)BE
. R Y R E UE
. T —B KB
. Ty T u X —EBRKEE
. SERMENG B BIEAUE (Tufting enteropathy)
Neurogenin-3 {7 F& 5 i
CREI 2 ey B UERRE

0 N oo ook~ w N



I # 5

Wopk 23~28 AFEE DA T EFL AR MBI EHEMER B FBURMI S 2ET
BT, UNEHID S O D EHEYEEILEREOBITH 2 08T 504 T
A DORESLICET 598 O—8E LT MERMRINREIE] O EFHENZE
DT, ZOMZETIE, WAL 17 4E00 5 0 10 R 2t & L C/hEE
BCTHZFEFE LD SEEBHOREFEMTONT (R1), AFEMITIT,
R DEEEVE L EIRBOBIEN A R T4 V2 EETH 2B E T 508, T
RIEWIIARIE ] & WO BEEDBER T, Hx DEFOESRIKE LT+t
TUAZEDWTEBIREITA RTA LV EZERTHZ EIIRNEETH D &ttt 6
iz,

FHASIRIEIFH D 5 HIE & A EIXZ BN U 72 iRIKSCIRREIZ H-5 < 5 B
REETALTND, LAl EFED &S Z 0o T FLIREEE THRYEIL,
FEIERFHIC TRIODELE & ) D JEIRIC K » THRE S, ZOH ) BEITHRIK ) e
E LT Bz R SN D AIREME D B 5, I OREDEE Y TH 5,

—J7. BOREROBLR TIL, FLIREHEYE THRYEIL/ N R MR & 5 B DX R
L Te o TR, Eo, RN AT, B oHR T, RABITHINFE
TR HEPPDLLTREHEROKIG L b o TR,

ZDT=, VR 29 FEED SRR S AL WFZEEE [N S BATH - A%
BFET B b HEE TR L SRR R O EEIRBOR ICBI 9 2 WF98 ) TlE, #ifoic [
TEVETHIE] Zxt8 & LIoFRBED Mk S v, TELORIZIB W T 2 ML i<
THZ & -3 EB) ORIE, HIN, B ORMEESCENZK 2 &S5 L b
L7, ZRUCHEADN T, A OEBEBIZHIL72Z2W 7 v TV X L& FHT-IT/ER L,
2O ETHRBREAH LTI D250 E 0% TRERMEEHNEME THIE ] & ER
52 L LT,

ZOBWT N TY XAF, HSEO B EZEIZE O TR RACIRE &
IToTH FRIEIRAEIET 25512, SER EEME, MET -2 2B TEDLD
IZZW D DT ONWTRL, T 2D ThD, Fo, BlRERIZBNT
JRIR Z e T & Zpy TRERSVEERIAME THE ] 2R EEESE L CTiESIT L, JE
BlORGK (LA RY) &7 ZOH ) bR AT 72 & OFIEIC X
S THT-709RiE - BRIADSFEA, S b R ZHNO—D2 LT 5
LOTHD,



# 1. EEPEGIEGRARR OGPk 1741 3 ~26 412 )

B R R S R R S R R L S R R R S S R S S R R S S R R S S R S S S R R R

FLIRERAME THIE 53 4
I b=y R 7 S E 31 f
Shwachman—Diamond JE{ERF 30 51
SERMEY 1 — L FRIE 17
JR3EME Y o YEIRAE 15 i
2 MEN S WARRESE 9 15
IPEX JEMRE « B Qo MENIE 7 15
SHER AN AE 5 13
FERMES U U A THHE 4 15
SERVEFLNE A TE 3 151
e B YRR A IfE 2 15
VIP BEAEE 2 fl
TNaA—A « 77 FN—ARNARRE 2 Fi
(P ESEI NN 2 151
oalE e A Y RIFWES RIS KABNE 1 151
vUT v IR 1 31
Y R— RIBSE 1 31
Ty ux ) —B KB 0 f1
Tufting enteropathy 0 51

UNERHREE 610 ik, /NEAMEIBEE 98 Mgk H & T E4 431 Mgk (71%) .
98 fiigx (100%) DEIEZET-, SR TEINRIL 5% Th -7, )
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I1. BB TRIERZM 7 v 3 Y X A DR

® MFEFRIZBNT 2 HEPL B TR OBET T Y X A L REREERME TRYE
DEEHK

fEOMIRLEEIT AN SR> TR T 2BEAZE S RE W, 2D,
1 H OEHCOHE S ROREEE72 E 2 B BIANCHE L T ITRIEZERT 22 LT LV, 207
O, FTHRIEE, FERMLEOTENETNO Al-FERicBnNT “BEELY . HDH0 T
WO B L VEFOKGNEL o T2 RRE” L LRT ZERTE AR, —F, FHILE
PEDZALTZT TIEZR <. ZOJRRIC & 0 JERM-CIEERIZN, MRk & OFER O, ik,
B E E WU O RBREE R Ex RIEGFEEZ 725 L RIS/ N T T
INBIET D Z LI Lo CTREFRENERDND Z LIt ok s, HEEERT S THO%
UGB GRIC L DB TRITH 578, BIYEDBEG L2V TR, YOS
ZETH FHPFHE T 28E, &5 WIEBIENE THIAET 5008 H Y, TOE RIS
(IR 2 RIRBDMFIET D, LTeD o T, FHORKZHEIICHEL TEOHRIZH D
REBEENTLZLIIEETHD,

1968 4F. Avery 51 1) A% 3 » HARMOILIICEB W T, 2) [His®EEN:, 3) HER
T, BN AZIT-oTH 2B LD FHRIAAEIE L, KERE - REFEEFZ D W
ReZ “FLILEESME FHIJE (intractable diarrhea of infancy)” EEFR L. Z OHFENNA
SHWHLNTE 2, BUEE TITH2 2 TRIOFIREEN R S5 & & bI2, 2l
RN ES L TE T,

ZIZTIE RE I AETICRIET 2 b D& RG & LT IELLEIZH T 2 B L
B TR AR EHRME TR E LT, Z0E REBELENT 520027 v 2 X
LEER LTZ, &6, 20713 Y XAIZAL NN DD BICE © THER Ot
RLEL, INHOVWTHUCHEZY LW O [RERIEERAIE FRIE) & Lz,

TR b, FRREMEEHATE TRE & 13, MERAE THEA L 25 WEE R ST, @
HOWBREAT > Th FRIZEBIE L, RESHBFVHEZR DI, FO0RIFRNRE S 172
Wb D, LT UIERIE & 2 WITREIRIV 2B R B S B e LB L 5, | LERSND,

LUFIZ, SR 2@ i< THRIOZET 7 v 3 ) X L% 24HE O
R A RS



@ FRREREICBWTRREIREINE5GE

[JHRE]

THRUER Z & 72 5 TIRYMEICIT, T A VA, MEOZ A BN H 508, @
DI EMORIEZ &V | P RBRREC MR RIS IS A D I W B
HARICHEBR SN TRl T 20>, PLEROBEIZIVIEMSED Z ENAEETH
%o LML, {RFEZIT-TH 2HMLL ETRHNEBIEST 255, H D WITEGEME
BRI E D FRPRET 256, LT ORERESEE - ENREZ LD,
(8817 & ]

1) BB IIE (R B IAERRE)

2) E AR

3) BRMEYA b AT T AL A EYSE

4) PTNVTTRE (T 27 )VHEE BUE)

@ Bacterial overgrowth % & /- I REHR
[JHRE]
I5PAZE, blind loop 72 & DRGE /A /S AT, iR OfE 72 81T K 15E difE
ENFEAETDHE . MMENITBWTHIE S 15 (bacterial overgrowth: BO)
T 5, HH LTCIBNAE IL, ASRIZARD NI L TOREBRELNMT L2 LT
TAZEET D, TORICEAINDBERIINE LEMREZEE TS5 TF
QIR SND, S RMEOHBERSRFTIZ X0 /NERIZIS T 2/l E 0 54 HE5HE
(small intestinal bacterial overgrowth: SIBO) % & 7= LHIEME T2 27 5,
INETIE, BT 2 ATV TR LY o ATV TR B 8 O
IREARRZED SO, BREGEIRENDHITOND, ZThbORERMETIE, #
B U 7o M 23 BB RG> O I R4 T L C B ME SO 7 — 7 VI GYE D JR K] &
7252 M5 (bacterial translocation) .

WH ISR 1 ml 2720 ORGP BT RN TR 10918 & 225/ NS T 104 {3
i, —J5, SIBO TIIf & DOREFFIC & 0 G E B354 L T bacterial
overgrowth N4 U5, Z?d7=H SIBO Tid/hMEN (EMEIZIXZER) TO RN
EED 105 AL EEERINTWVWD, BREBZFOMEOFEE Y Escherichia coli,
Streptococcus. Lactobacillus, Bacteroides <> Enterococcus J& 72 & D KEGNIZ W
LIBRNMENRZ L 25 5,



% IZWHEHLIRIC X 2 IEER I, R 2 i 2 5, HERINFEEIC LD LiIFL
IRz 2L, B L%, FRCERZHFALZEbHD, EXZ IR
IR TIVDRZIERLCHRERD I8 EOREREZ GO0, ERIIFIRCEZ
LI DIEBNC BT DGR OIIE, KEIFIES 2R DK &5,

(88 & ]
1) FGAEBERE
2) BT AT TIR
3) BT a ATV TGS R
P R M AR 5 PR ZESE IR (chronic idiopathic intestinal pseudo-obstruction
syndrome (CIIPS)
megacystis-microcolon-intestinal hypoperistalsis syndrome (MMIHS)
I AR E AR AR BVEE (immature ganglionosis)
N8 Rt B A (hypoganglionosis, oligoganglionosis)

@ MfE - KM fE - ER i R BR D T 5

[ RE]

JRYMENG 2 L NTRYR A DS BRI Sz il GRS 2e) Tix, BEREOEE
EREDIRAED KGO —EE L <ITRKRG, KR Y — 7 OFEE OIS L
TWDLOR—EHTH D, TORIKE L TIE, SR D RIE, 1B,
MR, B, N —72E5LFEMRENEZZ LD, £lo, HITHEE X
D AMORE, MBSO TIE, ML TR bR &6 <, EiFmn
Ptk & LT, HLORREZZ 2 RIZR RN &b D,

[Heis]
TROX IR ELZEDD Z LIZRDIN, 1FEAEDFr—AT, HEZWIZ
XSRS & R BR B E N R R TH D,
1) FHE  E2 (FLAPREAICKDEPHREKOBRE & yLra-94F
VigEn) . RNy (WERAOWKR) ., BEhhrryasr s (RIE
YERG R FR D2 BD)
1v) JEYLPERG 2% D PR



2) MKk

D A A, Ak (CRP, MEH., 77 72 E) | ARiERTERERG
T BRER 57 18

i) 7 LA — [ ; IgE. IgERAST fitize &

i) S AR RRERAE - a7 e ) o MR, PAH/ConA, FCM figtr7a &

) BT v IRy U 7T VbR, Mk R T AT IR E (AAK
T ORI IR HE)

3) NHGEMRA « RIBNRSEHRA, LEHCENEERE, 7 2L
. NS — N

4) JRBHAR R A

5) BIgMA - IEEEEHMEA, MR-enterography

6) BinFRE : Vo —iE FREORERIN) . 27 Y — LfiF# T

GRS

1) RIEMGFEE GEEERER, 7 e — 1 d)

2) S R ICEE L2 i52e (IPEXEMERE, 18 M P 2E I B G 25 72 &)

3) BWMEATFBBVENGIE., G RaEkrEpE

4) BT v I L

Frlo, BYEBABREE, FBEREGE, BV 7 v 7kt &%, Bl
EHRNE LTHBEREEZLE L TCND I EnD, BYEREICI Y ER L UEL A
L2 ENRBDH, —H T, RIEMRRESCHRERFEEBRK ThHoTH, BFH
RICE D —EDOUWEEZRDO LD, HERWVENNLETH L, B, 8T
Y 7 IFIZOWTIE, BARANDEFITIZIZEETH D08, ITFE, HAEAEZET
LB TRy, @Rl LTEETHD,

® MR TIEE L RVIKETH

AR & 22 2RI S, e, s 7e <, BN KR
2T 2556 T, —EOHRBHIMZ & > TH THAERMS G E LeWGE, Filko
JREB L OEERRE 2 b b,

[JRE]

MaRNZ Ko TIEMER G E L2 WEEITIE, xR o B L 5 88T,



A5 PN~ D BB TGE T I BRI R AN = > T D T Tl ok
BRI D, BE LRICBNTIE, BYOHEE - KBS ORI - (RIK AT 2D
HEEF D212, K& 22 A A RIS & B B /AK DWW & 43 W3 T T
WD,

Na 'K'/Cl sk - /Nds K OWEMm O EE (E5) ISFEL., CL b il
LT LBEME DS TN D,

Ca2 {17t Cl"F v /L (CLCAD : #&is (7 V7~ #HlIR) OE R
FAEL, Cl W& > T\ 5,

Na'/H @ik K - /MM L ORI ORE (WE) HICFEL,. Na' oWz
ICH oS> TW S,

Cl /HCO3 #giikfk : /i KOO FRE (WE) I/ L. Na ' /H ik
k&3, Cl 2SI~ Lkt S D NaCl @ RIS 21> T\ D,
Rt NatF v %L (ENaC) :

FEMEN OEKE LR OE BRI AAAE L, Wt Na ™ ORI 2 > T
W5, ZONa" WX, 7/VRATry, JraalFafl REZETH D,
K'F ¥ /v BT FE L, EEE K SWEH->TnD, 20 K 3w
R2RTFr VS THh D,

H",K"-ATPase : fEiate -ICFEL, 71 b oy, KTOFWRINEZIT> T
W5, TV RAT a EOE T TSR L, KT OEF MR ICT G L
TW5,

Na'/Z7 v a— 2 dtigdEfs (SGLTI) <° Na'/7 3/ FRdlfifis(k

MG OERELBEICAFTET D, /IMBITBIT D2REBWI & & H1T Na" ORI &
LTHEETH D,

KON Tl b 5 LT 5 Na (%, EiR OB ITEE % Al (8 Tl
SND, ZHHDEERIERREF 2D &, Na < Cl BHENIZHW S
. FTHIRSIEEZ SND, o, 25 OEERITHIEAN O ERZEDE T
& % cyclic AMP <° cyclic GMP 2 XDt h > RA v Py —THI S TV
Do WVEVDOREFINIBERFEZFML, oD FAy Dy
—EEINESES, BH U RA vy Yy —OBINE, kA% LT Na < Cl
DIFEN~O WA RESE, TR ERI$, 2o OREITREAERD
AL IBIR 7 <L AKOEEEHIR L CHERR < FRITEMLT 5,



[ L]

1) EREAENE - EREERE

{5 EE AR E e OMB IR TEAR AT LT L 0 A0 W E RN IR g8 T T 020~ % B A1)
T2, EAARE CTIX, Nat+Z2 RN Txd, RS WwoREL 2o THY | {#
1 Na JBEIX EH9 %, 5 Na>60mEgq/L THiuE, nETHTHs, =
7o [HRETEMRA T, [#HRE/ X+ v~ 100 mOsm/L VL E, iZ21%/F 260mOsm
PLETHIUL, W22k cE 5, Zhbicimz, # pH 6 ULk, &
20ml/BW/day UL b, EICHEREMEO T L 0 WE FRIOPT R Th 5,

F72. Cl OWEEREE 20255121, Nat Ogis R RE & FEROHRET
fEirp C1 23 EH3 2 (fEH C1>90mEq/L),
2) BisTEbT

AR EFIZB L T, BRx B e RE L OENRE I TV D, ek
7 v —)L NHE & SLC26A3 Bin A%, e XkMF MY U LA THEE L SPINT2
#i5 1 - GUCY2C #1651 + SLCIAS EIZ T AERBHE I N TV D,
3) HHEARNE PIE R OMIERAEIZ L DN WRB OB A

RIVE VDR WD THIERHE SN TWD, @ikiEa it Lo ERE
Doy TUHE - I E EEN TLHE « WINEE & W o RERET NS, FALELD
HEIZEY, ZWrEhd, BHRMETHRZ TR E L O 2N wEg & L ClE/E
/M7 F K (vasoactive intestinal polypeptide : VIP) FEAJEE, 4 A
MU CEABRE RO INVT A RIEGERHIT NS, W bHEEIER<
72N, AR TIEE SR WIKERME TR T 255 I3 RHHICES RERH 5.

(881 & ]
1) Ry AR—F—FHE
« KM v — )L FHIJE (congenital chloride diarrhea; CCD)
- e RMEF R U U A THIE (congenital sodium diarrhea)
2) AL AT L EL R
- VIP pEANEY; (VIPoma)
« TTA NV VEANES (gastrinoma)
« INVF 7 A RHESE; (cartinoid tumor)
3) PHEE AMIAE (microvillus inclusion disease)



® AR TIEE BKETH

IR & 72 IR R S Av9, Ml EEm A 7 <. VD KR A
ET25%6. ToRREIRMHRICE2EHETIC-BaagHMEs 52 22k o
TFRERNSEET 256, TROFREBIWEENREBZ NS,

[ RE]

MERIZ L - TH O MTEENSET 256121, /BB T 2 BRI
AR H Y . WL SN2 Do Tm B IS KIFIZ A - CTRBIEART & 72D 2 & TREE
THIPAT TV EEZ BNLD, MIFERZEEIT 280~290 mOsm/L THY . K
IEN DK ORBIEN ZNE V&L ed e, B EREI LT o KREBN~
KPBET D, Zhd NRBEMETH] OERRETH D,

ZOWE, BRESHEE, 7T VB ENRBIEANE LT OTIRE LD
D, R LI B O EE R WHE 7 & O R & I a1 XRE £ A %
ECRV, 728 20X, KRR b r a3 RARIEEOE /N GE2EEBLTH
THRIORENZIZIR B2V, T 7 DSEE Z T TE D EIFFEN/INEG TUIY
SNTICKRIBIZEET D &, TRNRBIEAN & 72> TKER TRORK & 72 %,

MR CUET 2 TR, BFEOWINEEZ EARE L T 2RENEEN D,
AN B RN 2 BE 2132 < OREN D 508, & TOFE XM bEEE
Offh & %2 T CTRAIICHIEE (7 Rubs, Rb¥E 1727 h—R) &7xoT/h
B BRI DRI S LD, EiL s OWINEEEORREIL 1) /I LR O -7igEEsE D
B b i) EEEORBEEICS T b, TRERTRICE R EENDH 5,
(MY 7y = U RBIESCT T 1 ) —8 KRBT E A O LRI ESE
LD TR EARS X7 i % & 7o TN R EREZ Bk L, 2 i
MERICL > THET D EER, FEROBRLZERESREDT X/ BE
DHZIPRIL T ERNZ L 2 AR L T 2RBITRVWEZZ HNLD,)

[Frtriz]
) EREEXY v

KEETH O “ERREE" & “BFEICLDRABE" OEZED “RBEF
Y o777 LS, I a RO LHICOITIE, [ EEEZHARE LT, Na, K RE
(mEq/L) BXORZEEZNETDLENDH D, (ZNDDOHAEIT, = O0HEL
T EERIRN D RE DKM THIVUTHEN TRE TH D23, /B N 72 eIk 18
RMETITMETE 2V, F2, TOXLOIRETHET D LDOERITZ LYY,



“EMEIC X DIRBET LI, KERTHICE £ 5 NaCl & K & E7RE
ERIAE S E LT (BT X / Be7e CHEEBME U OWEILE N TV
WEIREL Q). [BEERETE (mOsm/L) =2x Na+K) ] TiEIT 5, =
e EBEOMREE L DN “HREEX Y~ 7 : AOsm” THY, ¥rv v~
NREFUE (AOsm =100 mOsm/L), EHICERE NG UNETD
W & oL fECT X R) BNEREICEEN TS Z L QEBRIAR IS
REEMETH) Z2BWT 5, —FH, Frv v 7»/hEZFniE (AOsm =50
mOsm/L) . L EICEMEN W I TS Z E (I ERMEN S D5k
PETHD 2 BT 5,

TNEEIEL LT TR OGS Vb s,

- HHIRETE>2x Na+K) Thivd HRFEEM T
- FUNFBETE=2x Na+K) THIUE T53WerEm: T #)

1) {8 pH & (EHIEohE

/NG TR SR D TEREE DS KRIGNIT A D & BN IC K 2 FEEDE 2
D, TAOFEALE pH MET L THEDRIK L7205, @F ., (£ pH N 5.5 % T
B[] EFEE OREENRBE I NS, O TE, [FhoiEchE (7 KoL)
ZHEERNICHEIN T oMmAEE LT ‘27 Y =7 2 K BMrbhivizi, AN
RETHLME 7 ) =gENETIE L oo TedEiEE LTHEATE R 25
7=

1) % 1P A alER

WE . B (TR 77 b= BB 1% 2 ghkg, THEE (FLBE. v
afF, BIHE T Vn—R) X1gke DAMEEZ AL LTS, 100~200 mL
DRI LT SR 2R DB S E7-1%, Tl H 257 5,

D JER - TR, B, BN, R 7R EORERBEBLOA I & Zi D OB
[H % Fedkd 5,

2) MHEE : 80 470 2 & 12 120~180 /yMICHE > CTHIET D, 7 KUk, b, o
a B, ZHEOAM T, B EFIEA 20 mg/dL Kl THIIE, TNZEH ORI
REEEED, HT77 F—A, RFEAMTIET FUREICH LTl EA2REL< 72
SN Z 8, MUHHEOZEENC X 5349 L b e Tidian,



3) TR DOKFEMLZRBR* DN IEIT ATRES A X, 156 0 2 & IR 2 B L TR
D H2 HAREZNET D, FFEAMIZE DR F H2 T AREDO EFIEN 20
ppm L ETHIIL, ENENDOWRINAEZEE D,

*KFEMAGEER (hydrogen breath test; HBT) N

WE ., FLHE R & ORFE I E T b &, /MET S ~__)
WL S5 23 BEE ORI BB & 5 LRI S ( I w
RO THEEIZEDOEERGIZEET D, & PO
jtﬂ%WODE%W%Hii% (KFEEAR Clostridium) ’

IR ENT 2o TR Z AV TIHEET 5 2 & | vood ot e { Sronndns Hebe blood

= K0 KFEFEAT D, A LI O KSR ';- eption
A~ S, ifiZ i@ - TR TIcHR &S5, F ~ .
2F D  ROPEARRER 7 & CTHE O DB ”Tuli " M oo

(R B ITR  OR KRN IS LRI R raad
X ZOREOWRINARENSH D Z ERFEH SIS,
PR KSR T A OREIZIE, KIE Quintron #H4Y (—b

Breath Tracker H2® % {4 %,

[55051% &]
1) /NG bRl R D FIZ K DR
1. Yo RPEFLNEAMHE (COngemtal lactose intoleranace)
2. Val-A Y ERIFE S MEEFE KRB (congenital sucrase-isomaltaase
deficiency; CSID)
3. kM THREVLIN A4 (secondary disaccharide malabsorption)
i) O b7 v AR — MNEEICL DR
1. R XM r7 va—&R- 477 b — AWK LI (glucose-galactose
malabsorption; GGM)
2. RHERINALSE (fructose malabsorption)

@ RehifE
kel



HEIATE & 13, BB AN S35 ISR EI 72 G FE L TV AIRRETH 5,
BHFEELTERSAIEE X, +HBHCHRmEREY S—EDIEMIZ LY 5
iRt S FVINIGREE D SN S 3L 5 A3, FEAI IR BRI e . NEN e
BREPRHMINDZERHY . ZOREZEIKEFIC TIEE] MRS, f#
(IR G 2 BT, EMESAKIZES, JEoXVME T, BERE X
=9, LML DIEORKHSS, L IERNLbEZT 8D D, BFHRA
THLWMENNFEZER L ZBICIIENEZET 5700, BEhEZZEBDZE LT
LT RNTHRUTHD LTV RWGEE S H D5, REHEISCHRET R 72 &2k
ALTHBT2Z ENLEE L, BIHEORKIZ, FEOREEE, 5E %5
i3 DR T o DI O R RPN W ERIKR T, TRE 2 WINT 2 728 O 58 ks
RO ER ENH T D,

[Frtriz]

SREEFEDOOD, JFEIZEERI Y —HTHD & L& HIThRk b IHRINES
BT 5V, ARAEITIHCRIES 24 C 2B B, TPILERE. NERER
Rt ) REBOARZ ) == 7L LTAHT, RERESS DD, IR
WETEDSE . WL R DOFEENR TR SN D, L L, FrRSIHERER &
WIS D ED GITERT 20282 DIIARETH 5, > T, JHRIR
BOERIOIZDIIZEFAIER (FR, RERIIAR) CMmoRARIR (LGS
AR A DO LI A e &) 2 s B BICFHIET 5,

) ALFREEE (van de Kamer {72 )

FHEPONENZ T 0 ) iEE (van de Kamer 1£), 5 W 3tElE « =—F /LT
i U &4 B EET 5, @FRAICBIT 5 1 HOFEFIEPEINE 6g A
T, ZHUE 1 HOMEHERED 100 /5 125g DA THLHMRF SN D, it~ T,
1 HY Y 6g LA EDOSRIAHEMED B AU N TIFAERINEE & B 2 5, /NEOJE
FABE & & R ICHERL T 5 & B 2 b 23, FLOE CIIRIBEE B TFAE L2
BETHEA~OIRIHEIRR 20 2 S ICER LT niE e 570, 1 B OFJE &1
BREERETEHT L0, BEZH/NNRIZT H720121F 3 206 5 A OHIE
BEOVEEZ AN D Z L PHELE S 5 BART ORI Z2 515 H (1 B 140g L)
XA TEE BT 5720, BFEA = o — TEHER), oAl d 2 \VOIXEEHE IS
DHLOERAE 3 HATNHLEESEREICHMA S ZENFETHDH, £z, ITF



DEA Ty b T ATE R Lo H RIS U < ORI A A THE S n
R EERT D T L LABEORE &5 035 DEERLETHS 2), i
(. SRR A ORE IR, 2 B | 35 K OHE R 0 R TR 21T o 1250,
FEPIENA MBS T B 72 D (A 2 B 5 ATREME AN B 5

ii) {# Sudan III 45

R OGN 2 BB CEZEBE T 2FETH L, AT7A4 K77 X EDEIC
Sudan ITT & 2 %GR N ARG L, 532 100 OFREE THRidEd 2, RIETH 1
BRI EAE DOIENIR 2380 5 Z L 3 H D05, Hifk b, 1 R RE O D
10 fALL EOfER 2780 o6 MEGME L 975, ARAEILEZATHOLERE
BIEL R BHBEOT =2 2T 5 2 ENAET, VR A L B TOD
2 AT REZR A CTH D72 BUTORAIE TIIERIEL Y b SN T
WOHREETH D, BAFEMIC Y T2 > TOHEfiFF L OVERFHITATH b5/
ERIE L AR T, MARMOBFNESEZARICEREL. 3 HIZE —EDRE
NE L LTERICRET 22 EBREE LY,

(S5 ]

FRIAEEIT, % A THIEN OMRHER CTEIE & 22 225, BN DAL RS
(XTI L R o R, TREZ DT DR TH 5 HT DR RRESH
STWREIR T NEEZWINT 572D DG ERIEOEE R ERH T b D,

1) B ERER D ST DRI
RIEMERIRE, B Y 7 > 795, SRR RS 72 812 X 2 WA B
I B S A B
HAGERRE (Short bowel syndrome)
Blind loop JEMERT
tan—h 2 ECRDBRMEEITO & EWEISHIE 5 U CRE R &
PITLEW, BN OELIRIEEIMET L TIENIE L 72 2,

i) MRS W 1T K D R A
Mg DA 3 WEERE DM T L TV D IR (o & 2T MRS ok, RS A 72
E) IZBWTHEY N—B OO TR RS0, TR OWEIERARRIZZRY |



FEMGMERICRS B D, 72720, U =V g T BRI L FE
THDOT, HEIROBWENMET L THH REDEMITRINATRETH 5,

TESN oI RE AR 4

fiElig o

YoV r—-x U Y SRR

FENRMERRHEE

iii) MR E IS L D AR E
AEAE D3 PAZE LIRS 0 SR VRRE T D, MRIFIRDN D 3% L IR D H
{ERPWIRE K T 5,
AR R AE (A X2 IRE OREE)
W (RT3 s pes)
JRFEMEREA LM 2%

iv) D
7 7 VEETE BUE
I~ DA K 2 IRENEE O LI ORRE | TH(LRER O bbeEss . i
R EVRHEE L THET HILTOWEN, FFMITAHTHDL, 2 b DOEREN
BEHLTMHZIEEZTEEEXDND,
AU A% >k (Orlistat) 73 & OEEFHOEL



I1. KB 1  BEGETREZM 7T ITY XLADES : TLIY XAZEEN
Y 3:530) 5

1. BBREIEGRE (Y% ME)

FAEOBMETHIEDRK & LTI Y A NV AEIUEN 2 <, I3 A T
BARICE T 5. HRHRIC e 2 U A LR EORBYMETGR Z R L L
T 3B ETRIHES HENH Y, JEG IE (IBRZIEGERE) (DL T AYE)
EREEIN S,

AIEDOIRTEITIL, IRMEFLEE () AMPES Em I EIE A B 5 L
TWb EEZLND, HBERYC X 2/ MBI OIS D 7= 8 1AL AE K5I,
RS S ke L, FRLEAR CREOBMPURIZH T 57 LV X — G &
D, WMEZMELR E/NBRMEICERTFIEN AL LD, TORE, bR E
PEEOWIMNA RN AL, BENTEIRGEEMERE & 72> CTREEN TR ZE
T 5, S OITHLE OIFBILE, KRERE, BEIFEIC X 5 MR,
FIERRIN T & W o TR EHEHE BV, BARERICME - TR & 72
D, RN S HISEBIET D,

FTo. BYMERGR B ITRBAEGAEBRE (IBS) OFAERITH) 6-7 5507
L2 ENMBENTEHY ., IBD KD 5~25%% Lob D L HEE SN D, EUNEN
Jth IBS DFERRIRT-& LTI, A R LA, H 5 BRG] Flh 60 B,
M, RS U L OREREE R, 7 v ABIRPERIIR IR, A E O Elongating
toxin, JEREMGRORRHRHFOR S BRHITF b5,

2. SEAEIREE

FEAREIRRECTITEMRICr 2 U A VAR SN D8I (B0 H 5
) MR KR ST2D, UA VAR IGREERIZ TRSELET 25513,
JER TS 90 AN ARE 0% RIYE S A EHE (acquired immunodeficiency
syndrome; AIDS) 72 EHEETLHMENH DH.

3. BRMEVA AT T AV ARYSE

BRMEYA M ATa T A LA (CMV) BEIEDIER OO E DI FHINH T
NG ABEHO CMV BB B AREE THRBIEDL W E ShTE
0, JEPFEMEROERIZ L > TR IND L DI e REDIRNIZIZE



WTIHEBEME L 720, & XITHBEM & 70D, BRI & U TR, pEiE,
Wil 2o Hi b0, BEEREORBOZ < BAREFLHIC CMV 245 L TR Y,
B EERENE L B2 DD, ZEHIP CMV JLikREO A TITEEL L, £
7= CMV FUERRE I3 4F P ER DO BB RE DN AEBRAYIC 99 WO AR CILEE 2ME V.
> &b EERINCH 72 B 1 real-time PCR T& Y, viral load % & &I
HTE DT, WEDIROHEIZCHFIATE D, EEMEDOIREN EmTRIC
WAL, BIBEZFETENEZREOLA TP A NV AFIENEN TH 5 rlhetk:
EZH DN, BURTIIZ EF v 2DH D5 HA BT A IAFE LRV,

4. VTNVUTIRE (T 27 VHEE HUE)

ANSEIBHERTH DT T NVMIER (Giardia lamblia) DFEGIZ L - T
FIEEZSND TRMERETH D, BRIV DW L5 FOEYLT, b &
b Ol (oral-anal sex 72 & OMATRAIEGL 2 Ele) OB A AT LT/ N
G L, OB K 2T U Te KBRS N H T 5. BV - diEL
HIBE DL, AT CIIVNEORGL R G, TR, 8, MEEASHR K
RET, MEMHERST A NV AMEIGRICHR L CEET 2 2 L3 <, BulM T
FIDNFRE T 5. b FURYWE (2R ([ZfRE S, 2l LzEAiZ 7 BN
Y OREFT~RIT DM ERH S, METT 7 AR ROREBIRE -
32+ (A M) T2 L THREZKT 5. BRIZA hn=FY—1
DHE BN TH 5.

5. FEERE
REO/PNFEIBRIZ O WALE ORINFEE & EFR I 4L, ERE L TTRHOR
HRFD, DUKREBEER ERALND, LR OHPEGEREOFINERE L
THSMERG 2, PiGdals, ZRMEOERM/NMERASE, tLy 2 A7 L
TR EN D B,

6. b2 ATV TIR

I PR AR ARG & 0D s BiE PN A8 1 Al B oD S K K il (aganglionosis) IZEE (K] L .
B RIGEENER A ARE CTh D72, BRASEER A E U5, ME BEARREEN
R kA%, FITHLF2~ 6 DN R D NLFRI O IGE IZIRE T 5, SRR
BEORIICIVIERORBRE TR R L 05, FrA RN MG R N5



fit, W25 5 2 L3 < AR A TR &5, BT A REoRLIE
WNCRIET DAEFID 5 6, BRI TR % 258 % . endotoxic shock (2
T2 EEHEREREET 220305, EHICEIECTEN . VEIC XD
WBANEMOREZZ L, IERICE D BEANTIIMEREZ1TI 2L bH D,

7. BT o AT TGRSR R

ENY 2 AT IR E R Y | B R Y £ TR BE AR S
HIZH b bT, By a AT TR EFER LR OEE R e s X -
TIREORHTH D, B2 AT N TIRICH L THRAROEBRNSZ,
I ONTO I 2P R[N TRV, IGE NAFRGRICTERE
TR DT WEE (B MR MEECME S PAZESE IR (chronic idiopathic intestinal
pseudo-obstruction syndrome (CIIPS) & megacystis-microcolon-intestinal
hypoperistalsis syndrome (MMIHS)) &, FEREFHIRT O HHE (B8 %
AN AR 2JE ((immature ganglionosis), 33 X OMGE Fh R HiHl fu {8/ iE
(hypoganglionosis, oligoganglionosis)) (271} HiL 5,

AR O /NEHNCIGRAESCEIE DM & L CRIET 525, AR
JED S DIFHEIET, BHEDIFEI A2 L 707, BRYOME, F.OirkE
BEHAEVLELTDHHONRZ N, 7 —T VEGERCIHF A 27 & DA
JEAE Z LTV, E7BE OIGEN RN 2CREE LR O 72 D 5/ PN THEE A3 5
W W5 % % 7= L bacterial translocation (2 & % endotoxic shock % 27 % JEH]
HHHIND,

8. HOMZEMMIE - IPEX SEMERE

[BEE - 2] Unsworth & I3EHEME THAE 2T 2B ED 9 B /NEAERK
MCHMEEEL SV | BREFIEICKNET, PUBE LA EZRD, 5
I IRGIERBIEN 72N S D % B R EIE & 5% Lz, % TR c@ s
FEMEDRBIEME TR E U TRIET A28, BARIEFORESL H5H, HOORE
PERBIE DR HINNIGE OAPREESND HONDL, NOWSR, Bk, i, I
&, MR, HEEREE0LEEaPEEINSILOETELIDH D, FK &2
LT EREZETREMANED D TRBY . HOREMEREICIIBRELLT
DAODFBNEEND EBZZ LN TVND,

1. LB OHBDBEE SNBLMFIRIET D, FUEMRTURD GIED & D



2. BIRICOBFIET D ZNRMEN WA RIE, BiRBZ 5 X S ME 75
Hi % T&H 5 IPEX(immunodysregulation, polyendocrinopathy,
enteropathy, X-linked)JiE{GRE

3. LT THRIEN I B 5 IPEX FRIE R

4. BRERE T 2 ZE, BIHCRIREEREIR TE, RIBA2Z 3L 5

APECED(Autoimmune polyendocrinopathy-candidiasis-ectodermal

syndrome)JiE fFE#

[#257] FAEMEE T 1/100,000 HALL T EHEE STV 2,

[JRRE] FEM R ERTII A TH 525, H ORERTIC X DIHE S O
e ~DEENFEBICHESES L TWnE B X6 TW5, M T Migidn
PRI W T H CARE R OMERHC B R E 2 > TV D 23 IPEX JERRED
JRIK& A T Ch D FOXP3 5113 Z OFEME T Mid Of%EE - oL 217 -
TW5%, FOXP3EET AR L REFEROMFENEKE Z Y | HILE 25 TSl
RDEE S IPEX EBFEREDBIET 5 L& 2 6T\ 5, APECED JERE DR
KE{nFTh D AIRE BT b M Mino b - BIRAFHE L TR0, HRER
RORNAIZTELS G L TWH EE 2N TN S,

[ER] @ FL IR N ABE D 73t TR E U CRAE L, BEEHIBRIC RS
N R 2k URREIRE R 2 0B &9 5, IPEX SEMERE CITEHAME TFL, 1 B0 R
. ZO 3L S BURIREREIK TOTEE, B Ok, BE. &
HPESERIEIE . RORARREE R, B O Mk tE R L, AP ERIEME /iR
BUE, ARERIRE R, IRMERESE, K8 RN, SHRBEERENROND
Z &M D, APECED JEERET B CAEMES N b IE FEfE(Autoimmune
polyglandular syndrome)1 % & & FE(EAV, GRS > o X 0E . B BIR IR RE
KTE, BIBAREL 31 ET 50, HMILE LEEINGGEN &V HIAME TH
(2 R D WBRINA RIEGRE R M E MR R A 2T 2,

[ ] — e A CIEE B iESEME R 7 ST T ki %<0 IgE
DEFAERDLZENDD, V7 ERPBEBBEINT U EIFXEFTHY
U U RERGN 5 LR T B 2RO 2N 2 ERZ, EBEITE R OFUEE Y
PURQER I8 & B g 2 VTR ). 5T ATE-75 Hifk, $i villin HUiE23% <
DEEEMEE 725, MILEIER 2 23 %5 APECED JEfRE Tt
TPH(tryptophan hydroxylase) JLi& 2351 & 72 5 Z & 03 5 /NA R Tl
MEOZFEN, BEmo Y o EKRE, 7R b= Z/MEROEIN, ERNDOY X



ERIZEN A DLND, FOXPS B A BNEE S NIUX IPEX EERED, AIRE
BinZERNEE S iiE APECED SEGEREDZW A e E T 5,

[169% - T12] IPEXJEMRE TIlEZ < OGEEFIRRERIZ L DKy - ERE - K&
BHNMEERD, AT RRF 7l LA VI aRAKRY A T3vA
TR EORPEMHIFEIC X0 I EEER O —HBGELZRO L 2 LR LN, K
FRIZIZE S 2N & 6% < REH b RIE L 72 5, IPEX SEERIZ T D RIGHY
TRIE E L CHEMB MR M Th TR 0 | B BEIERENRTLE O F %
R LTeHE R 2, APECED JEfEREICE U CIIsRBE B/ FEAR LT AT &
W o e RPEFIEDN L & 72 5, IPEXEBEREIZIB W TR, JBEDMTh WS
DTRIIRRTHD, LSO CREMERIEDOREFNIIR SN TEY . T
ZIZEALTHEAHTH S,

2B SR

1) Nicole M et al. Autoimmune enteropathy; a review and update of clinical
management. Curr Gastroenterol Rep. 2012;14;380-85.

2) Akarm et al. Adult autoimmune enteropathy; Mayo Clinic Rochester
experience. Clin Gastroenterol Hepatol. 2007;5:1282-90.

3) Singhi et al. Pediatric autoimmune enteropathy; an entity frequently
associated with immunodeficiency disorders. Mod Pathol. 2014:27:543-53.
4) Barzaghi et al. Long-term follow up of IPEX syndrome patients after
different therapeutic strategies; an international multicenter retrospective
study. J Allergy Clin Immunol, Advance online publication. doi:
10.1016/j.jaci.2017.10.041.

5) WA, FLURERAIE THIE. /NENFL 2009;12:1751-53.

e EEE— 5. IPEX JEfERE & FOXP3+HI#HIME T Mlifa. EBRE=:
2015;33:1915-19.

7) Nedelkopoulou et al. (2016). The spectrum of autoimmune enteropathy. In
Textbook of Pediatric Gastroenterology, Hepatology and Nutrition.
Switzerland: Springer International Publishing, pp.13-22.

9. WL RN S
1) VIP e/ fEE



SR CITERA M ARERME TR, R Y v AiffE, BXOBEEBELZ 27T 5
WDHA (watery-diarrhea-hypokalemia-achlohydria syndrome) JEfERE % 23
%. VIPIXHE, 15, K 2588 RICIA T 2 MMniZWE -~ 7 F
RARVE T, ARE T VIP O fEEE, B Wndl, A - B - Biksy
WOTHEERIATTE L, KREDKSy, EFEN+ it M R owmsEh,
KROWIXAEREN AT, THRIZFI R T. £/, K TIEAKS & NaCl o—
WIS D03, [FRHZ A Y 7 L EERBEA T2 D0 S, TS KRR
LEbichttsn, BV U AMmEEREET > F—vAREESND. &6
2, IEEEh AT A RO D20, MHEMEA LY 2AERETLEALD
5. RN DAIEIIRERGT DIFEPN S0 WA ESS; T, Ot e i e il <o fitifes 3 S A
L2V D DN, NRTITMRR N, SRR, RRRET IR & Vo TR IR
TGS E7R IR L 70 D

AFED FHRIOFHE L LT, EARMEAZR, IHEEBTIEN 0o Ol &
o7, 24 BRI OMERORISS FRAKES, HREBEDKT, Hhr v
L, BV ULDERZBDODLZ LR ENRDD.

KIEDOZWIT LR O TR Rl T 256, AEAEEY, Mf VIP RERIE %
119, ZTOMIZRF VMA, JRH HVA, [fiif NSE i & Vo 7o iR SR IEREE 5 O
G~ — N —bUETHL0, /NEREILE MG NZ <, BE~—0—
WIEFRTHLZEbHD. T OMITKANDENITUNELEC & 2 ANE TS
FOREFITE AT T AFEDRTED i, BEREEE SN TS, /N
RRIFREREE G TIE, ZOBEITRWE SN TS, ERRICE D HIERZK D%,

A fRA, CT A%y, MESEEREOEBREICL Y MBI ZEEIT .

TRIRRITAMEBOBIBR AN R, IR RIS D K, ERE, 7 F—v X
DI IE & RFRIRA 72 R IRBEUCE 21T 5 . S TERVWEFI O L L
TRIBEE AT 1A RAR/LE X somatostatin analogue DFEGNREFE I 5.
somatostatin analogue (22N TIEALA DFEPN WA T VIP O3 windl, T
FIOYERICAR L SnD0, NEOWMEIZDRL, DRIT—@ETH-T2 LD
WMELDHD. AEOTRIIEZGOEMEEICLD.

7%, /PNRAELR BN EDIRIK & 70 208 IENE, PhReEilE, ARk IEg
3N MERRE R IR S LTV D.

2) Zollinger-Ellison JE=RE



ANV CPEARRGIIEE, + 46 Ar L, EETEIRY, HERW, B
FE B AMfRIES: 2 3 T L 5 1 D% Zollinger-Ellison SEERE & L5, £ 25%I1Z
LR WRIESE  (multiple endocrine neoplasia type 1 : MEN1) O &ff%

70 5H. MEN1 IZFERN WG OM, TEABRE, BIFREEZR EL < oS
/Jéﬂw”” RIS A 2 A2 U 5 F ek E B R HER TH 5.

AEIXIBF W S D T A N AL 0 BIEMREERAE OB & BERETTHEN
BV, BHEEWITHEIREN R 5. BMEE, o - T, Ee, oo
IR 72 & OTHEHIE I D SR OMIZ, TH S AIEIZTRD %2@6{"%0)
OEDOThHD. WEIRBREC XD/ NERIEORSE L, /MG pH OIRTIZ X D
%38 O ANEMEALCRE IR O TEIEIZ X 0 IEIPE TRIDIRIR & 72 5.

AFEOZWNIT LR OIER L, P A R ERESLEIREAIC LD, H7

BHIAEE S, CT, MRIZR EDOEBMREIZL VITONDN, TANY
*7@%<iﬁ¢ﬂogﬁﬁfkétb IEfERRRTERZ M NEECTH D 2 &2
Z\uN. R IR PIARERELE  (percutaneous transhepatic portal venous
sampling : PTPVS) CERMEIARIN L > 7 LEANRER (selective arterial
calcium injection test : SACI test) 72 & OEBALANIM A AR /T RERAEIT LY
/NSRBI O JRAERZ K W EETH D .

AIE ORI TIEMEOBE N @2, BEEOTRUIRDEKEE S 0D, F
7z, H2 f55UR0V 859 5 RN BB W oo = > b v —) L B Y TH 2R 81760
Nl &bdboTlzin, ﬁfii@ﬁﬁ&ﬁﬁﬁwmﬂﬁﬁ%%o7mF/ﬁ/
FIHESKIC LY BB WIEREL O MLV — LR ARETH 5. THRIZIEE OB
%%%@&&%@m@@_;a

B, AREEHTA RN/ —~< & UTONUBMERERBICBRE STV D

3) WNF A RHEE

THIEE NS w@ﬁ®0&of T k= 8 ORI E O T 53 W
(2R AL, R SO EBAERIEIE, T VIR, GDIEEIE, TR, W
KE,@ﬁ&k@ﬁﬁ#éﬁ@ﬁ%ﬁw%/%Pﬁﬁﬁ&;g.ﬁmk:y@
ficr7 o=, BV I VvAy, ATa— LTIy, TrAXTT LV,
bR IR ELEETAEIND. TR, EHE, BRNARICEER F=2,
TURZT T VIR EREEL TS Enbil T\ D

AN DASEITAT 60~T0% D HLE IZF A L, AFROME CILERM, + i,



B, BEONAIZZ . HLE LM - K&, MR - §EfR, BECRET 5.
NRTIT R, il - KUESCBAEOHRENRZZ .

AJEITRERE D O FRAE L, HIEE BICRT O EEITRIE T I D720,
FEIR TR DT RE 2 R L, HALE SR, THbE &R, CT, MRI, EEK,
Fil X #R, QBB EOEBMRETHEAIND Z b H DM, /NI TEZnH
FRAEFNTAMERTER E UCTFR S, WEER PRI AE L 2B ST .
AALFRAEIZR T 5-HIAA (5-t Ry o v F—/LEEER) HEitE, mftr k
=y (5-HT) BEOMIZ ACTH, HL> b=, INAhAy, I~ hAXF
DORPENMTHOND . FEFHRF I N OO, GHHFEEROBTERL 4 &
L, FHERO/NG, BEE, AT - BTN O 34 TITERBIRMERS, 471
Bt & T, v h=r%EAL, BIBHEXO TN, EBE»DORA
THEWE EHBEMEL 2D 2 ENZNEEINTWD. Zoftiickr h=r, Y~
NAZF o, AN, ANy b=, ERY~T7F K, ACTH, NSE 72 &
DR FRAE DB Z M & LTHWHR TV D.

TR IIAM ORI UIBR N — IR & 72 5%, EATHN KT D LSO iR
Blxt 7 2R INIFEIIRERNTE BB SN D, £o, HRNSWIEIZL S
FERIZOWTIE, FRNCHE e =3, IRFEE, RSl 22 X 3K,
MK T D AT A R EREREND. TRIZZEIFOEREIZLS.

¥, ANVTF A NREGERET/ N R E R BICRER STV 5.

kkkkkkkkkbkkhhekkk

1 0. TEE AMER

[& - ©&] % LRI OBMMES S BB IER I REH KRN DI
REOTHZETZ L, K, BFE, HREBOELR L RERORINEEZ KT
WY ERSEEEERE R, BN E OB ESBT IRV 2 &
O S RMEMREZMNIE & BIFFRE N D,

[77] 5 T 20 HTHIEIZ 1 AOFRIER L HE SN TS, K TOIEM
ERIIRFETH D2, BCkOMBEITH L TR W RIERITE W EE 2 5T
D

LRI B R oo s e Tt 2 2~ & Ml N T Ok & o B 2512 B
DOWRIRETICEY . MEESGEEIC EFICRETE Z ENHRTH Y,



Myosin-Vb % 22— K925 MYO5B #fn 123 % OJF KE s - CTh 5 Z L 2% 2008
B2 Mueller T HIZ K> THRESIN TV S,

W] FF 72 BRI AE IR (E A2 B B LA B D3 LW KERYE T & FBARE B )
SFEEMEFTARNEETH L, ZHOME I/ NEHEERBLETH D,

i FE - BAMMEE C OB CEIEMI O E BTN, MIENIZHME
HIENE AR L o TL EF o TGP BIE SN D, JEFIME TlX, PAS
BT N U T AT 7 X —BYeth CD10 $afE Yt X CTHIFRE NI B
EEH AR BRI NS, MYO5B Ba TN AIHETH D,

(V5% & T12] SIS & & HICRIRE /I3 [EIE Lz & OiE S & 5 73,

W DG RE R 2 OB CREFIREE > O OBERLUI AR FTRE T, BRHI & DHE
B/ DR & 72 5,

—

ik
1) Ruemmele FM, Schmitz J and Goulet O. Review: Microvillous inclusion disease
(microvillous atrophy). Orphanet Journal of Rare Diseases 2006, 1:22

2) Miiller T, Hess MW, Schiefermeier N, Pfaller K, et al. MYO5B mutations cause
microvillus inclusion disease and disrupt epithelial cell polarity. Nat Genet. 2008
Oct;40(10):1163-5.

3) Koepsell SA, Talmon G. Light microscopic diagnosis of microvillus inclusion disease
on colorectal specimens using CD10. Am J Surg Pathol. 2010 Jul;34(7):970-2.

4) Thoeni CE, Vogel GF, Tancevski I et al. Microvillus inclusion disease: loss of Myosin
vb disrupts intracellular traffic and cell polarity. Traffic. 2014 Jan;15(1):22-42.
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11. R AR—F—BEIE

1) e RM7 v —/L FHE (congenital chloride diarrhea; CCD)

[FIG A X OERG OGS B2 128175 CI/HCOs A 4> OfgidsfEEIC L0 |
Cl Z & D REIZHERT 24, Wk TR ER S, K CLIfiE & OM#HE
THNIu—v AT, TSI VIBERN HCOs A RZ L, HIZEMEL 720 |
TR Nat/HY 21 K 5 Nat I 23895 2, K Na IfiiE 23k,
F 72, BIRO Nat/K Sk (28 Tid Nat I e v, Bikic L2 ik



TV R AT E LS 0T, KK MENEITT 5, BRI 7922-931 £
CI/HCOs A A U Wik A E A & 3BT 5 SLC26A3 85T ARTH D, THRILHE
W EVIE LA, FHRICFEKBZ 20 5,

2) SeRMEF B Y U A THIE

/INER X OB ONGE B I8 1T 5 Nat/H A 4 v Ok EIc L HEf
IZ Na" Z KREICHERT D%, St TRAERE SN D, SERMEY 72—V FHIE
(ZEEpY  fEH Na" X Cl XY b EfEE 725, SPINT2Ei5+ - GUCY2C &
{nf « SLCIAS BT OERSNF L /NG LD I F =2 B U T MERSHEESR O
complex1 DKIBIZLE S Nat/H A A > OlFkfEENRE S TW\WD, ERES
ThV, FERMZ v— )V TFRIE & FBRICEKRS, AEED OEED FH %
BHDH—HT, P NalLCl XV b&EMEA00mEG/L Y ) &7 7 F—v
RERTZENRR DR THD,

3) HRMITNT—R-FHT 7 F—ARNAESE (glucose-galactose
malabsorption; GGM)

NG BRI T ROUBEE T T 7 b=, BIXOENL THEREIND S5 K
T D EMTE RN diz, HAEZOWMILBGE & I LW TRHNILIC E
D HALRWLEGED 5 BIZEEZRBUK, RIFEST & F— 22 2R ET
%, TORMRIL, SLCHAL Bin+FDAEFIT &V /MG BRGSOk TE T
TRV ULET RUBEZ—FEICRY AT N T U AR—F—Th % SGLT1
(sodium/glucose cotransporter) OEREN KON D Z Li2H D,

B, ABREIT/NRIBERERBICHEE SN TR Y | KEOFEMIT/ NS M
FrEgmEERE ¥ —DOY A N CTREARIEETH D,
(https!//www.shouman.jp/details/12_1_3.html)

4) FHEWRINARAEIE (fructose malabsorption)

RIEORF M) N7 VAR —F — IR T OO, BhEE2ELRLOBEIC X
D TFRICREI I & X 7T RIERTH D, R 6 REN DD HPET, 3
DOOETERINA-HE - "B L OFY I T4 RV o T
A RREDZELERTH D, FHTIREEEZZFH LI ERHEAERTHD
GLUT5 (2 &V ik S 253, RO BT 10 I5E N Ok 134 5 12



T, MEEREGSC TR, MR e SR a REEER A R 5, £, s a—
ARH T I b—AEBEETDH N T AR—F—ThH5H GLUT-2 & FHEORIIZ
—E#BE - T B, KFEMA AR (hydrogen breath test: HBT) M@2WiicfH H T
&%, HBT IIEFHEE OWINAR RN B 55512, EOFEEDONREEEC L > T
Ebﬂ?xﬂp ZHEH SN D KRBT AL RNET 25 DT, FEEWIPAE/NME A
WIETHEOZWNZA A TH 5,
@%\ﬁr%i¢wE@%Er%5i@?i%r TR S TR0,

1 2. iR KARAE
1) e RMEFLBEARMHE (congenital lactose intolerance)

(4 - EFE] HFERMHE S 1, SAZICEENIHE CThH DAL /L a—
AEAT 7 b= RIHMRT DINENREESR (T 27 2 —8) OFEEMET LT
L7, AR CE T, FE LW FRICRERINAR 2 & 7295 ET
bo, 772 —BEHETORKITIX, ERMEOREEKIB & ZIRMEOREFRENE
KT H 5, 220, WHBETIIAER —EMM T 7 2 —BIEHIIERITE < |
A A E D EIEMEN BRI T T 5, Elo, BEERRR STk 5 2K
727 7 2 —BIEME FIZRAl & U CABMTFEEL~LICEET 72D, 22

TR~ FBEATHE AR - LR RN RIET DRI T 7 2 —BiEMER
TICESHEZ &7

(2] ERMOAFEARTEXENTH Y . AL THESTH EMERETFIIR
HThHOIN, LEHEELIND T 4T RTH 60,000 HAEIC T A& ST
WD,

[JRRE] JeRIEDOILBEARMIE X T 7 ¥ — ¥ Ot Tdb 5 LCT Ein D
WL TEIEEZENS, LCT Bla FOERICK - TT 7 X —BIEMENEE
ENTAEIETIE, BRIV IS EBICE ENDAMEEZ - WIS 5 Z L BT
X720, L ST KIS HEAVIA A T2 FLRE I3 LV /KA T GR53 EME T D)
& RKIFN T OIFNHIEIC K 2 HHEDOFEED -, 2 L WA IR 4 & 72

j—o
iNSIETﬁ%%@%ﬁiN&M6§E%&@@h5%%EE%@%@%§
FTEY ., BFIIZOELGTFOXICE > THAMAZBE S & LCT B D

D7 §7~*EE$73>15%/2 (AR L. shREILARE 133 IR I LARTIZ He U TR Y
(CHSEDOTHCRIEE N DME T T 5, 2D Z EIFBRME, RO ILIEAME D



BRIR & BEER LTV 5,

[ER] FUBEARTE T, HrARH S 5V 3 eL B R, il g iav L
BHTELOWIHIZET D2 L TRIET 5, TEROBHEFHIORE 3557 7
2 —BIEMEOREIZL D, 777 —BiEEEINEnE LIS BIET L, D&
DOHAKE (ZETRN) OBEUCE LVKER T &g, IEEEms 295 X9
272 %, RS EDORMER Z L5 560 H 5, JoERE P+ 52 &
(2 & o TTFHFRCIEBIE R ITEREM D 1 HERE TR E 5,

(2] FrAR 72 LILE RN BT 2 BRliERA & 0 . IbEokRE (I
FHEI VT OEE) I o TEROBED R SN DL EITKIENEEDIL D,

ARk AE Tl pH<5.5, 5 Na+<70 mEq/L Th 5, £ O AEAM
ARERCHEERIEIR 2 2 L, MBE O _EH2S 20 mg/dL Rl TH 0 | FRE A KE T A
BEN20ppm U EER LD, ZVa—R « BT 7 b— ARSI % GE
T 50RO T R BEARRBR T RURAIEE THhD 2 L 2R 5
ZENREFE L,

[75 e P] HAER-ARCBW TR, AL 27— 317 oFERE T
IELUCTHAIEI L7 IO B2 D, BEFLIIDARE & 3L0E, ARG OB AR5
Lo B-HT70 M E—BHA| (HT o H—E®, AV FF—L4®, I/NVT7 +®)
WNT 7B —BIEMEEMBT 208, S RMEFLFEARTHE (23 U CIEEERIEE S A+
4y TR MRV, KEZR & CTHRGE SN TV 5 Lactaid® (f#l A#i AN ATHE) 135
TEMECABE A TH ARG OBIENCIRHT 5 2 & TREROREBEAIH 52 &
NTE D, AIETHIERERCERHA OO MIZ L > THEATE~OEEEZIX
K<, EMmPRIZBFTHDN, 77 X —BiEERREET L Z L idlifcs
VY,

2) valE-A VRIS MRESE KIAE (congenital sucrase-isomaltase
dificiency)

(& - 2] > a b - A« Y RIFWE MR KABJE (CSID) 13, —WFETH D
vabE L RIEWER G T AR OME N KB LY, FLIUETFLTNS
72T, voa ki, ZIHE, BRI O A/ METHOM L TRINT 5 Z LR TET,
WOBECWD 2 FBHLT 5 L P LW T & I i 2 & 7= T RIER Th 5,

[7%] CSID O#EE I I —1 v 2XFTIE 5,000 A1 AEERTWDHR, 7Y



—Y TR TIAN, AT ZAFE—TIIIHEFITEL 20 AT 1T N &R E
NTW5b, TOTHRANETIIAANE R TE DD TH DA, EEREFIE
REETH D,

[RHE] o = b & ZFHEIT. O DOBBENKA LIciEZ2 b TH Y |

AT FG—8 e AN E =BG B (R ITEBLL TV
DNMEBEZOBE LT, TNENT RUukiL 1B, B2 F+07 Ry
PEIZ 0 SN TIE LD TG BN BRI E LD, Z 415 d sucrase-isomaltase
(SD BT NOIELNDN, TOERIZE > TENENOBEROIGHERH /2D
NoE, valERERIEL BT 52 LN TERIRD, HEIhTIC
RIGITHRAVIA A TR TR 72 & DR 72 677, & ORI
MH, BHAZ T —BIEEOTNMET LT K, A Y~ /u ¥ —BIEMEIT iR
RIZANTWND Z LW, ST B FIFG AR 3926.1 ITFFA(E L, ARBITHF e tt
A MBEERE & 5,

[GER] CSID O FERIET RUBEKCRE, ST CEFREZ X379, v akE
EEL D OB LR RS FRAZFRIET 5, RO S ITHBEEIC X 223,
Z LWIEEIEA & R 2> T, REOKETHEZT D, Va—ASLE YD
fll, F¥_NYLAER EOHFEAEBRL TH MHNE(LT D, = & -
ZUPEOBRAEZ O L & THNTIEE 508, ZWINHEE SN0 E FEEZ FT
% L EERBACERERMARORFKNE 725, v afiibE& T iERk%E X
Te T OITHRE LT, Wby - 22 200 VT IR0 - IE R O F2 BE 75 FLe iR ME M1 25 &
Do

[2r] BIEORH & X o, BYL L EICEHR T 2R FANRER EI2ONT
HEEREWGHEZ 21T 2 & TRIEZFEmMNICE > Z LN TE 5, CSID TAHALILD
THIIHEE O EARICE D2RBEETHITH Y | HHEOEREZ DT, KiE
NCTOREE OREER S O 7= pH 2ME< 725 (pH <5.5), FLEHIOEME, JE
BAMETRORE & LT, IBEARRE, BT Larx— (FL. KEkRd) Lo
EERIDNMETH D, FFRAZWNEE LT, & DS AR Co MmFEER E & M
[P H2 W ARERBRNH D, HAMICT N, B LB, 2R, BLO
voa bz An U, SRS L 72 PERR O H2 4 AJREE 2 JE L, A 5
20ppm VL EDORE EFRBFED O AUEE OFEFE OWINEENRH 5 & HE S D,
/BRI AR T OBERIEHERIE A H Th 20385 T, KETIE, 2012 4
LV BHEETOBGTRENATEE L 72> T % (University of Washington



Molecular Development Laboratory) 7%, BfEIZKENO B3 %5 L 72> T
Do

[1a & T1] 1BIRIZ. 2RO -FS Ty aEoERE I+ 5 2L T
HbH, VaBEEIF Yy ARXRYRLHE R EOBFHEIILEZEENTNDLH, i
SOEE L IS5, ILEOHLRIMIIIER TH D720, RS V7 13k
L. BERLCEODIIEY RUBEEHT 2, BHIE—EIZZETRITNITOE
WTFHINZ R BN EREZ, B TIE A7 7 —B8AITH D Sucraid®’ & 3
e LTAG S, BFATEBEFHICHERZNIRT 22 & Tra izl
TH FHESZENTEX LN, KM TIEIAFAAETH DL, £ ORETIE
s & & HITERIFRLS 725 Z ERHM O TND D, ENAMDKE W SR
(Y AN

13.vaUynvr-XA7E . NEFER (Shwachman-Diamond syndrome)

ERE] 2T vnvy « X4 T7F2 NiEFER (Shwachman-Diamond
syndrome: SDS) (N0 B & MERJD . BHEE ZFH 8 & T D F 96
REMEEEMEEA T, VAR Y —24RICE S92 SBDS EADORT TH D, 1A
e UCIIBERER ., TRatE e Z I v ofiFe, &, M/ MRIF 3 L C i,
FIER Clri&E MmN E B I N5,

BN & fnv] Wk s a2 & 0. BE D 90%7 SBDS ICA# %
WD, SBDS (XU AR Y — ADAERSCHAL DA 58 ZE OB O EER D ZEAIT
Bl Tna &I TWnab,

[=25] {HRUC BT A HEERIERIL 75,000 A2 1 AL S, AFTIE 20 %
BEOWENH 5,

[EERAEIR] WEAN s B mERPA . BRI 2 BAER &5 5, S
BT K D W B i BRI A L B B e & Se i MR .
R, RFERERLLND,

[1RR] AN B 2k U IR R L e e % 2> (AL D, E. K)
DTS, HFPEREA I L CTid, PiAERIOFR G-I T T
G-CSF 5117725, BEE ORI/ MOE/ I ZIX 2@ 317
L3, EIEOLESCAIME, BRI REGERE 2 4 5 561 i3 i i i R
DRI S5

[&0HE] 15~30% B W THBEREAGERR (MDS) o/ $61E A i

(AML) ZRIET 5,

FURRECIE|
W 1k

1. WReaRLSHER

2. GFHRERIEANC KD GG, A, iR



WAV o3 s S

ERRE (BRERERLE) ZfE5 Z&nZn
HRRZAIERRE, SR EREE A MR A2 RIET D 2 L BN
90%LL [T SBDS Bin FICARZRD BN D
EREERARAEIRD & & SBDS BAnFMRATIC & 0 HEEZWNCED

o Ov s o



I11. AR AE 2 MG THRIEZKH TNV TY XL 0ES : 7LV Y ALIZEE
(M QAYAIRY - Xy )

1. Toddler's diarrhea

(e EFE] LD EBHAETOHE (toddler) HIZ, FERFENED T HIAEGHE R A
H¥r Hfe < JRHE% toddler’ s diarrhea & FESS,

[EIA] EOJRKIIAY TH 525, WdEENEE ORI 22 T0HE, RN EMED S
HIEARBMETRZ E 2T O LEZ I, SRR OBBAEGIEGRE & bR S
N5, BERPOHHRECY 2—2ARAR—=Y 2L 2L TYLE h—1%
TNy h—=RA a—riay PR EOFEER /MG TRINS LTI RIBICEZE L
TRBEWEOKER TRPFRINDGZ b —KREBZBND,

[GER] THIIZ 1 A 3~10[ERETH Y | EHEIZIRR RV LAKER ClfE TR 5
N, BREikz 2 2 L3R EARMIZROIERSLSBRRH Y | WO
72U —NEZ 5N TOFUIKER B ICRIED 20,

(16 T2] HEB 2 30 OBIRAYEZ 5 2 &R O b b h, 2k
DEMBREFRIUIZZ U<, BRGSO AR 2 MEBX 20, KR THIO
BB L N —ATiERT I FERE (2 XI20®) PAIRGERH D, B
WHIZmE D & & HITHRERT 5,

2. X by RU TR EEMRCD)ISAE (mitochondrial respiratory
chain disorders -related enteropathy)

[(WES-JRIR-ER] X har RU T o%E S b bEELTR/LF— (ATP)
DAEGKEZHE S DRI hary R TRREEAARTH L, Leh>T, ZhE
TIhar RUTHRE SN TEEBRIZ, BUETIEI h= N 7Rk EHE
HBEREGFE (MRCD) &FRTIL, W2 DER, Wr7e Dlidigs - fBfk. Waa/e
LS, Z LTV RLIBIEEATHEHREL I D, ERI Fa FUTHE L
THBILVTWEE L LTIMER - HROEENETH S 72h, DAEE. HIE
DIE, ARG PAZEE LAY THEDIRIN TH 5 Z &N LN E 725 T
T, EOMERITAKER THIZ 29 225, EEMFEITIEFHR G L TV DR
EHRNORIIZ L > ThE2 TH Y | ZBEENE TR & 0WHE TRIOWT N0
T5HZLIFEE LW,

B, AEBIL X bar R TREREESERREE" & U CONEMRRE

J



BRI, “T hary RUTHET L LTHEE#ERICEERINL TS, &5
o, FEEHROREERE LTI hary RU T F7 v 27 (PDFRR) 235
ITEN T3 (http!//www.nanbyou.or.jp/upload_files/mt_handbook.pdf)

3. M3V AREHIME
(W& ER] ES VU REAMEIXT RBEA Y READOKIMI LD FELVME=
VAT a— ) VIER MK R U 77V & U RiEZ K9, EnamiaiRs gz
WHRThD, TRBERVAREATHDL VA v v, VLDL, LDL 23/K4n
LTHY ., NIERINEESE & 2 XD MREMEE # I U RZAEDSEZILBHIAIE X D
Fifoe 572 Y2009 2 BNk L 720y & AR 2R HRIEIR . phi P
ZHL DD, 1993 FFICAKBIZB VT MTP OB RN FRE S, MTP &
HIE & BTN D,

[RIR] MTP&EE T RE NSRBI K E <535, MTP IZFHiflas L Ot
/N BRI D X 7 m Y — DB L, MlNTO RY 7k Y Rea b
AT B—/LTZAT VOEREEH Y EHE LCRES N, IF - /METakEN
T7ARBEBRICNIZU Y RSNV VLDL KON A v X 7 v k705K
AR SN HIRFRIZ MTP B ARA[K Th 5, HFTO VLDL EAI X 0 RKAEHARRZ &
R a L AT a0 —/LOEENR S, /IMETOIA v I 7 BRI K0 IE
DRI END, ZORBTIEMTP OXBIZEY N 7T &Y FEFEALRNWT
RN BAZESCONI R S T I W S e 0,

[AER] RERRINFESS & ZICED IBEMEE # X ORINEE (Frlce 4
YERZ) ERODLH, BEFITEE, A TRHIIIHA SR BRIV, L
th & & IR OREEIZ L 0 . IBIAE, BMTH, Y RERELZ 2T
%o Fio, FRIEMEE X I v oRINEEIC LY BEME CICEEGRE MR L
OIRFER, ZHAARER (/MMM X 2 IEB TR MR, AR
PRBEEIC L 2R TP AR E) 2255, ENCEX IV KRZIT
£ 2 B AE AR D FRE I & D REEARFED A & 5 5,

AIEBIL “BE B -V REZ LT IfE” & U TN MR SR BB E S, “IE
BYUREZ LRI IMAE" & U THREERIZEERI N TS (FEEE 264),

4. 77—\
(A4 Ex] LRKMEDT 27— REIEIX, T 2 7 —BIWEED R EELEN



JRK & STV 5D, RIS EEOWMNAESND Z & T, BERESS
CTASARRI AR T8O THZ & 723, V=B N o Sfio
R DOIEMEIR T 28072 b 0N %W, —JF, FENBEEZRBOTFET 27
— BB KABIE DR ABIDHE SN TEY . FCTlEd 208 KEEHRIET 27—
BRIBE AT D,

[RIA] B ABICORET X 7 —BXRIEIEIL, FEEEZHT 52 L0 HEEMNE
KBNS 5EEZLND,

[GEtR] @E, T X7 —BIGMITAE®Z 3 DA E TR LA LLE O LT, 1
% TR D 1/4, 27T 1/2, 5~10 3% T 9/10, 10~15 % CHRAEIZET 5, K
FETIIET X 7 — B WD AN LT 5720, N LHSHEA L OARIZ L
DA RMEIZIAE D | FRCHOBERERTEMER T 2 50 2 558 1R E A
RER0L2 bbb, Miime &I X7 —BIEHRIT LA+ 5, RABIT
XERL, #ROE (IRRAME THD) 728200 a0, BEROZ b H D,

(W] MY 7 —BEEICnA, + ZfHRIBREERIC L 2T 2 7 —81%
WERET 5, RAOMICTASAZRE (50g/m2) LTCHMH 7 Lva—Ad L
AEBOR (CASAAMRER), 27 Y =72 MIGEEZ R,

(15 T12] TASARERLE L, FFE L LI EESCHEEELY 52 5, U
R=ERL M) TR T 2SO 2 IS G T, PEEEEE (MCT)
NI O L, R AR ¥ L VRO FEEITH, THRIZEL
Th b,

5. =7 uxt—ERXKEIE

[BE& - ©F] AIEIX 1969 4 Hadorn HIZ L W I E SNz, =0T %
FT—BIT+ . RIS FEEL, N Y S EIEEIE L TR Y
T RBENRH DL, =T axdF—ERERNICKETHZ LI, EA
BRI D SER T RIB % KT,

[E52] BABEIIAATHY . BOBOBENTFET S, RENEERH Y
BAERILE RS HERR I STV D, 2002 4, AEFRIZEBWNT
Holzinger 52X VW PRSS78n 12BN S vz, RIEOHEILZ DO T
7200,

DB SERKRT T X —POL0@RRKIBICEY N FY ) v
N R P ADIEHAERBZ S0, b Y AU RIBIE & R



FEHUE 1 0 A 85 L ORI AREE S5, |+ ISIRICHB T 5 b U 7o AR
MERDONDD, U A—E, 7TIF—BREFThHD.

k] 2 A0 iEs L ORI ARE S s 2 LIc kY | AR bR L E
EEOTFHIE D, TEAKEAMSEL 720, BIE, B, RENEE 72T

[159%- TR EANMERZORE, - T7uX ) —EREaEn T\ 5iEL
RERIE OSRAVNRA T B, IBHICKT B RUGHEL L < . PRIZRGTH S,

(2l 51%]

A EEER
1L FLIEHO TR & REHEIAR R

B. mAEAT

1. BT xR P T FE Y T OIEEERD R,
U=, 7IT7—BEMRIZER THD, LrL, invitro T 7 rFF—F
EWRNTHE R T AEERRO HND,

2. /NEEEEARE /NG ERIC T X —BIEE AR D R,

3.  PRSS7THIETHREIZLDERMT D,

X OAICKHEL, SHICBO1IAHY, 2 ELF3ICHATILAZARELT
%o

(fie) x=r7uxr—vidt+ 80, EEEECEEL. R TV T
EEMEL TR TV ACT 2BE R D5, t-> T T ud i —ERIBIET
. RUTY s BT AOTEMLRE Z B0,

SCHR

1) Hadorn B, Tarlow MJ, Lloyd JK, Wolff OH. Intestinal enterokinase deficiency.

Lancet. 1969 Apr 19;1(7599):812-3.

2) Holzinger A, Maier EM, Biick C, Mayerhofer PU, Kappler M, Haworth JC, Moroz

SP, Hadorn HB, Sadler JE, Roscher AA. Mutations in the proenteropeptidase gene

are the molecular cause of congenital enteropeptidase deficiency. Am J Hum Genet.

2002 Jan;70(1):20-5.

6. SERM/ING EREIZAUE (Tufting enteropathy)
[ % & ] Tufting enteropathy X2 H LIN O REBAKRBEE THIE L, £<
DIER] TIEA FIFER) 72 I E N RO T2 OREF IR LA & 72 2 FEE M T HIE D —



RIEBTH D,
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2B SR

1) Goulet et al. Intestinal epithelial sysplasia (tufting enteropathy).
Orphanet Journal of Rare Disesases. 2007;2:20.

2) Wu et al. Matriptase-mediated cleavage of EpCAM destrabilizes claudins
and dysregulates intestinal epithelial homeostasis. The Jounal of Clinical
Investigation. 2017;127(2):623-634.

3) Sivagnanam et al. Identification of EpCAM as the gene for congenital
tufting enteropathy . Gastroenterology. 2008;135: 429-37.

4) Salomon et al. Genetic characterization of congenital tufting enteropathy:
Epcam associated phenotype and involvement of SPINTZ2 in the syndromic
form. Human Genetics. 2014;133:299-310.

5) WA, FLURERAIE THIE. /NENFL 2009;12:1751-53.

7. Neurogenin-3 i#{x 1~ F 5 JiE

[# 495 [K] Neurogenin-3 NEUROGS3) 1%, kA - mbicB i 584 72
Jai i Z 9 A M helix-loop-helix (b HLH) [KFDOE ST, {HILEDWN
SrUsfld, Panrth MR-CARHIRR O FE A - 3 KICBE G- L T\ D, & MIBITD
NEUROGS3 OREHEAIKRE R (Neurogenin-3 i&{s - EFE) 1L, 2006 I



Wang J 512 K-> T Sz, AEATIE, BB LRIV T chromogranin A
702 ERE G CHE S VA N AR (enteroendocrine cells) 72372 <l T
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FED 1 RUPERIFR 2 BIET 5, BIEMEITRHTH D, KkE, hra, BLXOHE
MOIEFIHREDN S D08, A TOHREILEZR0,

SR

1) Wang J, Cortina G, Wu SV et. al. Mutant neurogenin-3 in congenital malabsorptive
diarrhea. N Engl J Med. 2006 Jul 20;355(3):270-80.

2) Pinney SE,* Jennifer Oliver-Krasinski J,* Linda Ernst L, et. al. Neonatal diabetes
and congenital malabsorptive diarrhea attributable to a novel mutation in the human
neurogenin-3 gene coding sequence. J Clin Endocrinol Metab, July 2011, 96(7):1960—
1965.

8. VL = v e ¥ JEER (Minchausen syndrome by proxy : MSBP)

[REMES] 2 82K T CLEHI>H (BHICRB) OFEETH
n. REEHFOAL L TEHBEISN WD, FHEOBRESCHEY)ZIRFEICHED
53, REIRIZESANERZ THZE2T 25613, ARELZ > TRFoRE%
RODVER DD, BRIBHEE LW AIE AN ERERIFE L0 9 HKEETH D
e IlRET RETH D,

[/5IX - J5AE] MSBP O AN & LT, INE#H B &1 Miinchausen syndrome
t L < I3EMAVEREE  (factitious disorder) & Wi SN DREMIKEEBENDH D Z L2
Dip 720, MEHEZTIZE A EDEELMET, 14~30%ITEREKRE TH 5,
JEE EKREN D OFEFIHENZ VD, HRFLOHRERH Y | FrEOEER
R« RNV AT AR BN DEE T,

[Fri]
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3. ATENOAIEME GERO X 5 iR nudlfE, EREMLOERE, £ 73S E8
fEREDE L) 2Rl T\ D,
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1. EFAICA B RZRIRHRIRRE S Rifee - £ 72138 T 5,
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FrIE 23 %)
3. LM oFEEL AT D
4. REBLZ Minchausen syndrome <CJRK AR DIFEED 70\ Dy, REBLO EIRE
Bl S s
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(ZYERIIT AP R 2 M 21T D
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https://beams.childfirst.or.jp/shared/pdf/ BEAMS_Stage2.pdf
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Shwachman-Diamond syndrome: Nationwide survey and systematic
review in Japan

Tamaki Ikuse,l’2 Takahiro Kudo,l’2 Katsuhiro Arai,l’3 Yoshimitsu Fujii,l’5 Shinobu Ida,l’6 Tomohiro Ishii,l’8

Sotaro Mushiake, "’ Kouji Nagata,l’10 Hiroshi Tamai,"” Akira Toki,'* Takeshi Tomomasa,"!* Kosuke Ushijima,l’12
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Abstract Background: Shwachman—Diamond syndrome (SDS) is a rare multisystem disorder associated with exocrine pan-
creatic insufficiency. The present study reports the results of a nationwide survey and a systematic review on SDS
to develop consensus guidelines for intractable diarrhea including SDS.

Methods: Questionnaires were sent to 616 departments of pediatrics or of pediatric surgery in Japan in a nation-
wide survey. A second questionnaire was sent to doctors who had treated SDS patients and included questions on
clinical information. Additionally, a systematic review was performed using digital literature databases to assess the
influence of medical (i.e. non-surgical) treatment on SDS prognosis.

Results: Answers were received from 529 institutions (85.9%), which included information on 24 patients with
SDS (median age, 10.4 years; male, n = 15) treated from January 2005 to December 2014. Although 75% of
patients received pancreatic enzyme replacement therapy, there was no significant association between treatment
and prognosis. Systematic review identified one clinical practice guideline, two case series, eight case reports and
26 reviews. Patient information from those studies was insufficient for meta-analysis.

Conclusions: The rarity of SDS makes it difficult to establish evidence-based treatment for SDS. According to the
limited information from patients and published reports, medical treatment for malabsorption due to SDS should be
performed to improve fat absorption and stool condition, but it is not clear whether this treatment improves the
prognosis of malabsorption.

Key words congenital malabsorption, diarrhea, pancreatic exocrine insufficiency, Shwachman—Diamond syndrome, steatorrhea.

There are rare chronic intractable digestive diseases that are
not medically or clearly defined. Intractable diarrhea is one
such rare disease. Intractable diarrhea often results from con-
genital malabsorption of nutrients due to congenital defects in
luminal and brush border processing, absorption in the intesti-
nal mucosa or transport into the circulation. Furthermore, mul-
tiple conditions may exist concurrently. Congenital
malabsorption occurs in many rare diseases that have resulted
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from an unidentifiable cause and, without a clearly established
treatment, have a considerably high risk of disability.
Shwachman—Diamond syndrome (SDS, also known as
Shwachman-Bodian-Diamond syndrome), one of the congeni-
tal malabsorption diseases, is an autosomal recessive multisys-
tem disorder associated with exocrine pancreatic insufficiency,
bone marrow dysfunction and skeletal abnormalities. Exocrine
pancreatic insufficiency leads to malabsorption of fat and
fat-soluble vitamins." SDS is caused by a mutation in Shwach-
man-Bodian-Diamond syndrome (SBDS), chromosomal posi-
tion 7ql1. Given that SDS is a rare inherited syndrome with
an estimated incidence of 1/76 000® based on the Canadian
population, its true incidence and status in Japan are unknown.
The aim of the present study was therefore to develop
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consensus guidelines using a nationwide survey, and to carry
out a systematic review to advance the medical standard
regarding intractable diarrhea.

Methods

Ethics

This study was reviewed and approved by the Institutional
Ethics Committee of Osaka Women’s and Children’s Hospital
(no. 779 in 2015).

Nationwide survey and questionnaire

The survey was conducted by mailing a questionnaire to a total
of 616 institutions throughout Japan (518 institutions of pedi-
atric internal medicine approved by the Japan Pediatric Society
as Board-certified pediatrician training facilities, and 98 institu-
tions of pediatric surgery approved by the Japanese Society of
Pediatric Surgeons as providing pediatric surgical services). The
questionnaire asked whether the doctor had treated any cases of
congenital malabsorption including SDS, congenital sucrase—
isomaltase deficiency, congenital lactose intolerance, enteroki-
nase deficiency, pancreatic lipase deficiency, glucose—galactose
malabsorption, congenital chloride diarrhea, congenital sodium
diarrhea,  fructose = malabsorption,  abetalipoproteinemia,
microvillus inclusion disease, tufting enteropathy, primary
intestinal lymphangiectasia, autoimmune enteropathy, immun-
odysregulation, polyendocrinopathy and enteropathy X-linked
(IPEX) syndrome, celiac disease, vasoactive intestinal peptide
(VIP)oma, multiple endocrine neoplasia, infant intractable diar-
rhea and mitochondrial respiratory chain disorders between Jan-
uary 2005 and December 2014. We also provided a set of
diagnostic criteria for each disease to ensure a uniform method
of diagnosis (the criteria for SDS are given in Table 1.
Responses were received from 431 institutions of pediatric inter-
nal medicine (431/518; 83.2%) and from 98 surgical institutions
(98/98; 100%). Thirty-three treated SDS patients were reported
from 23 institutions. A second questionnaire was then sent out,
requesting the following information: age (at onset, diagnosis
and at present), sex, body height and weight (at diagnosis and at
present), symptoms, family history, diagnostic examination
(blood and stool examinations and molecular testing for SBDS
mutation), treatment, complications, school attendance, working
experience and prognosis. We ultimately received detailed infor-
mation on 24 SDS patients from 18 institutions.

Systematic review

Defining the clinical question

Development of clearly established treatment that improves
the prognosis of SDS is a key clinical issue. To identify the
association between medical (i.e. non-surgical) interventions
and outcomes (development, non-handicapped school atten-
dance rate, employment rate, necessity of treatment, quality of

© 2018 Japan Pediatric Society

Table 1 Clinical and molecular diagnostic criteria for SDS (re-
produced from Dror ef al." with permission)

Diagnostic criteria

Clinical diagnosis:

Fulfill the combined presence of hematological cytopenia of any
given lineage (most often neutropenia) and exocrine pancreas
dysfunction

Hematologic abnormalities may include:

a. Neutropenia <1.5 x 10°/L on at least 2 occasions over at least
3 months

b. Hypoproductive cytopenia detected on 2 occasions over at
least 3 months
Tests that support the diagnosis but require corroboration:

a. Persistent elevation of hemoglobin F (on at least 2 occasions
over at least 3 months apart)

b. Persistent red blood cell macrocytosis (on at least 2 occasions
over at least 3 months apart), not caused by other etiologies such
as hemolysis or a nutritional deficiency
Pancreatic dysfunction may be diagnosed by the following:

a. Reduced levels of pancreatic enzymes adjusted for age (fecal
elastase, serum trypsinogen, serum (iso)amylase, serum lipase)
Tests that support the diagnosis but require corroboration:

a. Abnormal 72 h fecal fat analysis

b. Reduced levels of at least 2 fat-soluble vitamins (A, D, E, K)

c. Evidence of pancreatic lipomatosis (e.g. ultrasound, CT, MRI,
or pathological examination of the pancreas by autopsy)
Additional supportive evidence of SDS may arise from:

a. Bone abnormalities

b. Behavioral problems

c. Presence of a first degree-family member diagnosed before
with SDS
Other causes of pancreatic insufficiency should be excluded, in
particular when the SBDS gene mutation analysis is negative
Molecular diagnosis: biallelic SBDS mutation
Positive genetic testing for SBDS mutations known or predicted to
be deleterious, e.g. from protein modeling or expression systems
for mutant SBDS
Caveats:

Many situations arise when molecular diagnosis is NOT
confirmatory in the presence of clinical symptoms:

No identified mutations (approx. 10% of cases)

Mutation on one allele only

Gene sequence variations that have unknown or NO phenotypic
consequence:

A novel mutation, such as a predicted missense alteration, for
which it is not yet possible to predict whether it is disease-
causing.

SBDS polymorphisms on one or both alleles. Large population
studies may be needed to exclude a sequence polymorphism as a
bona fide irrelevant variant.

CT, computed tomography; MRI, magnetic resonance imaging;
SBDS, Shwachman-Bodian-Diamond syndrome; SDS, Shwach-
man—Diamond syndrome.

life and life expectancy), we stated the clinical question as fol-
lows: can medical treatment for malabsorption in SDS
improve prognosis?

Identification of evidence

The electronic databases PubMed, Cochrane Library and
ICHUSHI (Japan’s largest medical-literature database) were
searched in December 2015 using the following strategy.



Articles published in English and Japanese were included. For
PubMed, we performed a detailed search as follows:
(((“Shwachman syndrome”’[Supplementary Concept]) OR
(Shwachman—Diamond[TW]) OR (Shwachman-Bodian[TW])
OR (“Shwachman syndrome”[TIAB]) OR (“Shwachman’s syn-
drome”[TIAB]) OR (“Pancreatic insufficiency and bone mar-
row dysfunction”)) AND English[LA] NOT (Animals[MH]
NOT Humans[MH]) AND 1985 : 2015[DP]) AND ((therapy
[TW]) OR (“Enzyme Therapy”[Mesh] OR “Enzymes/therapeu-
tic use”’[Mesh]) OR (“pancreatic enzyme”[TW] OR “pancre-
atic enzymes”’[TW]) OR (“Treatment Outcome”[Mesh]) OR
(systematic[SB] OR guideline[TW]) OR (“Failure to Thri-
ve”[Mesh]) OR (“Growth and Development”[Mesh])). A total
of 117 articles were retrieved. For Cochrane Library, we per-
formed a detailed search as follows: Shwachman syndrome: ti,
ab, kw (word variations have been searched) or Shwachman—
Diamond: ti, ab, kw (word variations have been searched), and
found three articles. For ICHUSHI, we performed detailed
search as follows: (((shwachman-diamond/AL) or (Shwachman
syndrome (in Japanese) TH) or (shwachman/AL))) and
(PT = except record of proceedings (in Japanese) and
CK = human (in Japanese)), and found 78 articles. A total of
198 articles were retrieved from the combined searches.

Study selection

Two reviewers (T.I. and T.K.) independently performed the
primary screening based on title and abstract. Studies were
considered eligible for inclusion if they related to any medical
treatment for absorption disorder or to prognosis. We applied
the following exclusion criteria: (i) papers not written in Eng-
lish or Japanese; (ii) research not involving humans (e.g.
in vitro or animal research); and (iii) papers restricted to onco-
logical complications. Articles that could not be judged in pri-
mary screening were retained for secondary screening. The
results of the two reviewers were cross-checked, and a dataset
for secondary screening was prepared, and 62 full-text articles
were collected. Two reviewers (T.I. and T.K.) independently
read full-text articles, and performed the secondary screening.
Articles that met the inclusion criteria were selected indepen-
dently, and the results of the two reviewers were cross-
checked. When the two reviewers had different opinions that
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could not be resolved by discussion, a third person was invited
to make a final decision. We ultimately identified 37 studies
addressing the medical treatment for malabsorption or progno-
sis in SDS.'?7® The strength of evidence for each study was
determined according to the Medical Information Network
Distribution Service (MINDS) Handbook for Clinical Practice
Guideline Development 2014 of the Japan Council for Quality
Health Care,39 and Grading of Recommendations Assessment,
Development and Evaluation (GRADE),4O and an evidence
table constructed.'*®

Statistical analysis

Statistical analysis to compare patients was performed using
paired r-test. We also used multiple regression analysis to
assess the associations between interventions and outcomes.
P < 0.05 was accepted as statistically significant.

Evaluation of physical size

To calculate height and weight SD scores, we used the data
from the National Growth Survey on Preschool Children
(2000) conducted by the Ministry of Health, Labour and Wel-
fare and the data from the School Health Survey (2000) con-
ducted by the Ministry of Education, Culture, Sports, Science
and Technology in Japan.

Results

Nationwide survey

Detailed information was analyzed from 24 SDS patients from
18 institutions consisting of 15 male and eight female patients
(one unknown) with a median age of 10.4 years (range, 1.3—
34.7 years) at the point of survey. At the point of diagnosis,
the median age was 1.6 years (range, 0-17.0 years; Fig. 1a).
Thus, the median time between diagnosis and survey was
6 years 3 months (range, 8 months—34 years 3 months;
Fig. 1b). The median height and weight SD scores at diagno-
sis were —2.68 SD (range, —6.19 to 3.23 SD) and —1.93 SD
(range, —5.2 to 0.95 SD), respectively. At the point of survey,
the median height and weight SD scores were —2.5 SD

b 10 1
8 4

6 -
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Time (years)

Fig. 1 Distribution of (a) age at () onset and (M) diagnosis in Shwachman—Diamond syndrome patients, and (b) time from diagnosis
to the survey (median time, 6 years 3 months; range, 8 months—34 years 3 months).

© 2018 Japan Pediatric Society
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Table 2 Primary symptoms in SDS (n = 24)

Symptom No. patients %

Failure to thrive 11 50.5
Elevation of serum liver enzymes 8 36.4
Diarrhea 5 22.7
Pyrexia 5 22.7
Vomiting 2 9.1
Neutropenia 2 9.1
Abdominal pain 1 4.5
Loss of consciousness; convulsion 1 4.5
Constipation 1 4.5
Anemia 1 4.5
Short stature 1 4.5
Pale stool 1 4.5
Hypothyroidism 1 4.5
Unknown 1 4.5

SDS, Shwachman—Diamond syndrome.

(range, —5.08 to —0.11 SD) and —1.45 SD (range, —3.43 to
0.34 SD), respectively. Therefore, the mean height and weight
SD scores were significantly lower for SDS patients. Mean-
while, the difference in SD score between the points of survey
and diagnosis was not significant (height, P = 0.59; weight,
P =0.24).

Primary manifestations were seen most frequently at 3—
11 months, constituting 61.9% of cases, while 69.6% of the
patients were diagnosed at >1 year old. With regard to pri-
mary symptoms, failure to thrive was seen most frequently
(50.5%; Table 2). At diagnosis, 73.9% of patients had stool
problems such as steatorrhea (39.1%) and loose stool (30.4%;
Fig. 2a), but these had mostly resolved at the point of survey
(normal stool, 86.4%). Although fecal fat excretion in healthy
young children is <3 g/day, the ability to assimilate fat varies
with age.41 Given the lack of a clear definition of steatorrhea
with regard to patient age, confirmation of steatorrhea was left
to each attending physician. In nine patients with steatorrhea
at diagnosis, all five with Sudan IIT stain for fecal fat excre-
tion were positive. Although 31.6% of patients had >5 defeca-
tion events per day when diagnosed, the frequency of
defecation decreased to <5 times per day in all patients at the
time of the survey (Fig. 2b).

a
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With regard to blood cell count, significantly higher hemo-
globin (P =0.008; Fig.3d) and fewer thrombocytes
(P = 0.021; Fig. 3e) were observed at the point of survey than
at diagnosis. To evaluate pancreatic exocrine function, N-ben-
zoyl-L-tyrosyl-p-aminobenzoic acid (BT-PABA) test or Sudan
IIT stain were carried out to determine the level of fecal fat to
diagnose steatorrhea. In eight cases BT-PABA test was per-
formed, and all results were clearly decreased (<71%) with an
average of 33.1 £ 17.2%. In 14 cases Sudan III stain was per-
formed, and 10 patients had positive results (71.4%). Although
one patient had to be excluded, on genetic analysis in 21
patients, mutations in SBDS were noted in 18 patients (85.7%;
Table 3). Nine of these patients with multiple mutations in
SBDS were from six families. When the family members of
these nine patients were tested, five families were found to
have the same mutations in SBDS.

Treatment for malabsorption with pancreatic exocrine
insufficiency was performed in 18 patients (75%; Table 4).
All 18 patients received pancreatic enzyme supplementation,
and six patients also received fat-soluble vitamin supplementa-
tion. Of 18 patients, 12 were treated with enteric coated
microsphere preparations and the other four patients (exclud-
ing two with insufficient information) took non-coated medici-
nes when they received pancreatic enzyme supplementation. A
significant relationship between very high-dose pancreatic
enzyme supplementation and fibrosing colonopathy in patients
with cystic fibrosis has been suggested.*> Given that the pre-
sent questionnaire did not include questions about complica-
tions with treatment, the prevalence of fibrosing colonopathy
in the present 24 SDS patients is not known. One patient was
given H2 blockers. Eight patients were treated with artificial
formula such as elemental diet, polymeric formula, hydrolyzed
formula and medium-chain triglyceride (MCT) formula. Three
patients temporarily needed assisted feeding using nasogas-
tric or nasojejunal tube. No patient had long-term parenteral
nutrition.

Complications occurred in 16 patients (69.6%, excluding
one patient with insufficient information). Pancytopenia was
seen most frequently (n = 8; 34.8%). Oncological or neoplas-
tic complications were detected in three patients (13.0%):

L)
1-4 5-9 10-

Defecation (times/day)

Fig. 2 (a) Prevalence of stool conditions and (b) frequency of defecation at () diagnosis and (M) survey in Shwachman—-Diamond syn-
drome patients. MS, mushy stool; NS, normal stool; SS, soft stool; WD, watery diarrhea.
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Table 3 Molecular testing for mutations in SBDS

n %

Molecular testing (n = 23)

Performed 21 91.3
Not analyzed 2 8.7
Location (n = 21)

Total 18 85.7
¢.258+2T>C 13 61.9
c.183_184TA>CT 11 52.4
c.201A>G 3 14.3
c.97A>G 2 9.5
¢.292_295delAAAG 1 4.8
c.141C>T 1 4.8
Unknown 3 14.3
Not detected 3 14.3
(c.183_184TA>CT/c.258+2T>C) 7 333
(c.183_184TA>CT/c.201A>G/c.258+2T>C) 2 9.5
(c.97A>G/c.258+2T>C) 2 9.5
(c.141C>T/c.183_184TA> 1 4.8
CT/c.201A>G/c.258+2T>C)
(¢.258+2T>C/c.292_295delAAAG) 1 4.8
Family history of mutations No. No.

patients  families

Both parents 5 4
One parent 2 1
Not detected 1 1

SBDS, Shwachman-Bodian-Diamond syndrome.

acute myeloblastic leukemia with minimal maturation;
myelodysplastic syndrome; and pancreatoduodenal carcinoma.
Bone marrow transplantation was performed in two patients.
Delayed puberty was seen in a female patient.

At the point of survey, 21 patients were still living
(95.5%), two patients had no recorded information, and one
patient had died of pancreatoduodenal carcinoma aged
24 years old. Of 13 patients with information on school atten-
dance, 15.4% of patients attended special classes for handi-
capped children. Three of four patients >18 years old had
been employed, excluding one with lack of data. Twenty-one
patients continue to receive outpatient treatment, and three of

four patients >18 years old still consult with pediatricians.

Table 4 Treatment for malabsorption with pancreatic exocrine
insufficiency

Treatment No. patients %

Pancreatic enzyme replacement 18 75.0
Fat-soluble vitamin supplementation 6 25.0
(vitamin A) 3 12.5
(vitamin D) 2 8.3
(vitamin E) 2 8.3
(vitamin K) 2 8.3
(multivitamin supplement) 3 12.5
Vitamin B7 3 12.5
Elemental diet 2 8.3
MCT supplementation 5 20.8
Lv. LCT supplementation 1 4.2
Not performed 6 25.0

LCT, long-chain triglyceride; MCT, medium-chain triglyceride.

On multiple regression analysis, no correlation was observed
between interventions and outcomes with regard to height and
weight SD scores, time elapsed between diagnosis and survey,
school attendance, or employment as objective variables. Addi-
tionally, no correlations were observed for height and weight
SD scores at survey, existence of stool problems, frequency of
defecations and necessity of supplement therapy (pancreatic
enzymes or fat-soluble vitamins) as explanatory variables.

Systematic review

We searched three electronic databases to identify the relation-
ship between medical treatment and prognosis of SDS
patients. On PubMed, 24 articles were identified, consisting of
a clinical practice guideline,1 two case series,”* six case
reports,s’w and 15 reviews.'"™ On ICHUSHI, 13 articles
were identified: two case reports”®?’ and 11 reviews.”* % No
articles were identified in the Cochrane Library. No random-
ized controlled trials (RCT), meta-analyses, systematic reviews
or case—control studies were retrieved.

In these reports, pancreatic enzyme replacement therapy,®”
16.18-32.3438  fat_soluble  vitamins'>>11131622.23 and  trace
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element® supplementation, parenteral nutrition therapy”’° and

intake of MCT formula®®*® were performed as medical inter-
ventions, and these treatments often improved the condition of
malabsorption and provided relief from steatorrhea and diar-
rhea in several reports.**2*3137 Pichler er al.® noted a high
prevalence of deficiencies of vitamins A and E and of trace
elements such as zinc, copper, and selenium, despite adequate
supplementation of pancreatic enzyme replacement. Moreover,
most children remained consistently short in stature and lower
in weight despite appropriate therapy.'>'>1%192223 No reports
mentioned an alteration of prognosis owing to medical treat-
ment. Many reports referred to spontaneous improvement of
pancreatic exocrine function by 4 years of age in almost 50%
of patients.l’4’11_]3’]5_20’23’24’3 1.33-35.37.38 Dyror reported a med-
ian survival time in SDS patients of 35 years of age.]5

In the present systematic review, we obtained clinical infor-
mation on 46 patients in two case series”™ and eight case
reports.” ' %227 The age range was 0.25-19 years old. Pancre-
atic exocrine insufficiency was noted in 39 patients; 43
patients had pancreatic enzyme replacement; and nine patients
had fat-soluble vitamin supplementation. While only three
reports mentioned improvement in malabsorption and
stools,”>® most reports did not refer to prognosis. In the Pich-
ler et al.® study, for 21 patients the median height SD score
was —2.4 SD (range, —5.3 to 0.6 SD) and the median weight
SD score was —1.6 SD (range, —4.4 to 0.9 SD).

Discussion

Clinical features

Shwachman—Diamond syndrome is a rare congenital disorder
with an estimated incidence of 1/76 000,% and is characterized
by exocrine pancreatic insufficiency, bone marrow dysfunction
and skeletal abnormalities. We sent a questionnaire to 616
institutions of pediatric medicine throughout Japan, and
received responses from 529 institutions (529/616; 85.9%).
Despite a high response rate, we obtained information on only
24 SDS patients treated from January 2005 to December 2014
after removing duplicated data. Although SDS is an autosomal
recessive disorder, the male : female ratio is 1.7:1.% In the
present survey, there were more male patients compared with
past reports, and the male : female ratio was 1.88:1. SDS pre-
sents with a wide range of abnormalities and symptoms. The
most common manifestations are pancreatic exocrine insuffi-
ciency, elevated serum liver enzymes, growth failure and neu-
tropenia. A total of 90% of SDS patients have suspected
pancreatic dysfunction before 1 year of age, due to symptoms
such as steatorrhea.'®** Hepatomegaly and elevation of serum
liver enzymes are common in pediatric SDS. Elevated serum
liver enzymes are seen in up to 75% of patients.1 Growth fail-
ure is also a common feature in the first year of life. In the
first year of life, more than half of SDS patients drop below
the 3rd percentile for both height and weight.** Failure to
thrive was the most common primary manifestation, constitut-
ing 50% of the present cases. The second most frequent
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primary symptom was elevation of serum liver enzymes,
which comprised 36.4% of cases. Primary manifestations were
observed in 90.5% of patients before their first birthday, as
previously reported.l’l(”44 In contrast, 69.6% of patients were
diagnosed with SDS at >1 year of age, with a median age of
1.58 years (range, 0—17.0 years) at diagnosis. Given that fail-
ure to thrive or elevation of serum liver enzymes can be
observed in many diseases, it is often difficult to differentiate
SDS correctly in the early stage due to the rarity of the dis-
ease. Failure to thrive is seen in many patients with congenital
malabsorption. To reduce the time from occurrence to diagno-
sis, we need simpler methods to diagnose SDS. Therefore,
development of consensus guidelines may contribute to pro-
gress in establishing medical standards on intractable diarrhea
including congenital malabsorption.

Diagnosis

The clinical diagnosis of SDS is established on evidence of
characteristic pancreatic exocrine dysfunction and hematologi-
cal abnormalities. Other known causes of pancreatic exocrine
dysfunction and bone marrow failure such as cystic fibrosis,
Pearson disease and cartilage-hair hypoplasia should be ruled
out. Table 1 lists the diagnostic criteria of SDS according to
US guidelines.! Although characteristic manifestations are usu-
ally seen in many cases, diagnosis is often difficult, as the
duration from occurrence to diagnosis implies. Therefore,
molecular testing is very useful for diagnosis. Ninety percent
of SDS patients harbor at least one mutation of SBDS.***® In
the present survey, several mutations of SBDS were identified
in 85.7% of patients. Although approximately 10% of patients
may be negative for mutations, it is advisable to test for muta-
tions in SBDS in most cases of suspected SDS, and genetic
analysis may lead to diagnosis in complex cases.

The BT-PABA test, 72 h fecal fat balance, and fecal elas-
tase or serum pancreatic enzyme concentration (i.e. immunore-
active trypsinogen and pancreatic (iso) amylase) are used to
assess patients with a suspected diagnosis of SDS for evidence
of pancreatic dysfunction. Although fecal elastase measure-
ment, which is a non-invasive method, has a high level of sen-
sitivity and specificity for pancreatic insufficiency, Ministry of
Health, Labour and Welfare does not approve fecal elastase
measurement for practical use. Sudan IIT stain for fecal fat is
also useful to diagnose steatorrhea. Most pancreatic dysfunc-
tion tests are considered to lack sufficient sensitivity and/or
specificity. In this survey, steatorrhea was seen in only 39.2%
of patients clinically. All eight patients who had the BT-
PABA test, however, were positive (100%), and 71.4% of the
14 patients who had Sudan III stain had positive results. Lar-
ger studies are needed to evaluate the accuracy of pancreatic
dysfunction diagnosis.

Neutropenia is one of the most characteristic manifestations
of SDS and occurs in nearly all SDS patients. It might be seen
in the neonatal period.*> In the present study, 73.7% of
patients had neutropenia, with absolute neutrophil count
(ANC) <1,500 cells/uL. whole blood at the point of diagnosis.



Moreover, severe neutropenia (ANC <500 cells/uL whole
blood) was seen in 31.6% of patients at the same point.
Although the prevalence of neutropenia decreased to 57.1% at
the point of survey, severe neutropenia was still seen in 9.5%
of patients. The percentage of neutrophils in whole white
blood cells at the time of the survey was significantly higher
(P = 0.028) than at diagnosis. Hemoglobin at the time of sur-
vey was also significantly higher (P = 0.008) than at diagno-
sis. Conversely, thrombocytes were significantly lower
(P =0.021) at the time of survey compared with diagnosis.
We identified significant changes in three lineages of blood
cells due to aging. To understand the natural history of blood
cell counts in SDS patients correctly, more information after
adjustment for differences in age and treatment is needed.
Although the present questionnaire did not include questions
on pancreatic enzymes or imaging results, we would include
those questions in the next questionnaire.

Management

There is no radical medical treatment for SDS, and appropriate
symptomatic therapy should be performed. To assess the status
of the pancreas, liver, bone marrow and skeleton, and treat
manifestations, a multidisciplinary team including specialists
is recommended.®”'>?! In this survey, pancreatic enzyme
replacement therapy was noted in 75% of patients and fat-
soluble vitamins supplementation in 25.0%. We did not
observe any significant correlation between treatment and
growth. Because of the rarity of this syndrome, it is difficult
to perform a controlled study to develop evidence-based treat-
ment. The clinical response to enzyme replacement in SDS
patients was usually excellent.'¢%2431-37 Thys when pancre-
atic exocrine insufficiency or steatorrhea is detected in associ-
ation with SDS, pancreatic enzyme replacement therapy
should be started. Given that pancreatic function in approxi-
mately 50% of patients may improve to a sufficient
level,l""l1’13’15’20’23’24’31’33’35’37’38 pancreatic function should
be reassessed every couple of years, along with the necessity
for replacement therapy. In the next survey, we would include
a question on the duration of therapy to elucidate the length of
pancreatic insufficiency in SDS patients.

In conclusion, to solve the clinical question “can medical
treatment for malabsorption in SDS improve prognosis”, we
performed a nationwide survey and a systematic review. Lim-
ited information on a small number of patients was obtained
from the survey, and no high-quality evidence from RCT or
meta-analysis was identified on systematic review. Based on
case reports, expert opinions and clinical information on SDS
patients in Japan with regard to the efficacy of medicine such
as enzyme replacement and vitamin supplementation, we con-
cluded that the answer to the clinical question was as follows:
medical treatment for malabsorption in SDS should be per-
formed to improve fat absorption and stool condition, but it is
not clear whether this treatment improves the prognosis of
malabsorption. The present study has confirmed the rarity of
SDS in Japan. Clinical investigations involving adult patients
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should be carried out in order to collect information on a lar-
ger number of patients. Moreover, construction of a case regis-
tration system of SDS is crucial to increase the understanding
of SDS and to the establishment of evidence-based strategies
for diagnosis, treatment and management.
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" Clinical Features, Molecular Genetics, and Long-Term Outcome in
Congenital Chloride Diarrhea: A Nationwide Study in Japan

Ken-ichiro Konishi, MD'+*, Tatsuki Mizuochi, MD, PhD', Tadahiro Yanagi, MD, PhD', Yoriko Watanabe, MD, PhD',
Kazuhiro Ohkubo, MD, PhD”, Shouichi Ohga, MD, PhD", Hidehiko Maruyama, MD, PhD", Ichiro Takeuchi, MD”,
Yuji Sekine, MD, PhD", Kei Masuda, MD’, Nobuyuki Kikuchi, MD, PhD, Yuka Yotsumoto, MD, PhD",
Yasufumi Ohtsuka, MD, PhD'”, Hidenori Tanaka, MD'', Takahiro Kudo, MD, PhD'?, Atsuko Noguchi, MD, PhD'”,
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Objective To clarify clinical and genetic features of Japanese children with congenital chloride diarrhea (CCD).

Study design This was a multi-institutional, retrospective survey of 616 pediatric centers in Japan with identified
patients with CCD between 2014 and 2018. Mutations involving SLC26A3 were detected by Sanger sequencing.
Results Thirteen patients met all entry criteria including mutations in SLC26A3, and 14 patients satisfied clinical
diagnostic criteria. Homozygous or compound heterozygous mutations in SLC26A3, including 6 novel mutations,
were identified in 13 of these 14 patients (93%). The most common (detected in 7 of 13) was ¢.2063-1g>t. Median
age at diagnosis was 1 day. Nine of the patients meeting all criteria were diagnosed as neonates (69%). Median
follow-up duration was 10 years. When studied, 8 patients had <5 stools daily (62%), and all had fewer than in in-
fancy. Only 1 patient had nephrocalcinosis, and 3 (23%) had mild chronic kidney disease. Neurodevelopment was
generally good; only 1 patient required special education. Five patients (38%) received long-term sodium, potas-
sium, and chloride supplementation.

Conclusions Early fetal ultrasound diagnosis and prompt long-term sodium, potassium, and chloride supple-
mentation were common management features. Genetic analysis of SLC26A3 provided definitive diagnosis of
CCD. In contrast with previously reported localities, ¢.2063-1g>t might be a founder mutation in East Asia. (J Pediatr
2019;214:151-7).

ongenital chloride diarrhea (CCD; MIM# 214700) is a rare autosomal-recessive disorder caused by mutations in the

solute carrier family 26 member 3 (SLC26A3) gene, which encodes an intestinal CI"/HCO3", Na'-independent

exchanger.' " Intrauterine onset manifests as polyhydramnios, dilated
fetal bowel loops, and lack of infant meconium, findings mimicking intestinal
obstruction, sometimes leading to unnecessary surgery.’

Children with CCD often are born premature and, soon after birth, profuse
diarrhea leads to dehydration, hypochloremia, hypokalemia, metabolic alkalosis,
and failure to thrive. Diagnosis of CCD involves watery diarrhea soon after birth
and excessive fecal chloride. Misdiagnosis of Bartter syndrome may occur when
watery diarrhea is unnoticed or misinterpreted as urine.”" Although untreated

From the 'Department of Pediatrics and Child Health,
Kurume University School of Medicine, Kurume;
“Department of Pediatric Surgery, Graduate School of
Medicine, The University of Tokyo, Tokyo; *Department
of Pediatrics, Graduate School of Medical Sciences,
Kyushu University, Fukuoka; *Division of Neonatology;

“Division of Gastroenterology, National Center for Child
Health and Developmenl Tokyo ®Department of

g and icine, Shizuoka Children's

Hospital, Shlzuoka Dopanmem of Pediatrics, Doai
Memorial Hospital, Tokyo; *Department of Pediatrics,

CCD causes early death from impaired renal function, nephrocalcinosis, and
end-stage renal disease,” oral salt replacement with sodium chloride (NaCl)
and potassium chloride (KCl) allows normal growth and development, with
favorable long-term outcome." "~ Prompt diagnosis and replacement therapy
are essential.

ACMG American College of Medical KCI Potassium chloride
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Clinical and genetic findings of CCD have been reported
mostly from 3 high-incidence areas: Finland, Poland, and
Saudi Arabia'™'* (The Human Gene Mutation Database in
January 2015; http://www.hgmd.org/; BIOBASE, Waltham,
Massachusetts). One single-center study'’ and a few
cases'™"” have been reported from East Asia, so whether
East Asian patients clinically or genetically differ from others
remains unclear. We conducted a nationwide study of Japa-
nese children with CCD, focusing on clinical features and
SLC26A3 mutations.

This retrospective observational and prospective genetic
analysis was conducted within the framework of the Nation-
wide Survey of Congenital Diarrheas and Enteropathies in
Japan, established in 2014 by a study group seeking guide-
lines for managing intractable pediatric gastrointestinal dis-
eases. Study protocols complied with the ethical guidelines
of the Declaration of Helsinki (2013 revision). The nation-
wide survey and the genetic analysis protocols respectively
were approved by the ethics committees at Osaka Women’s
and Children’s Hospital and at Kurume University. Written
informed consent was obtained from enrolled patients or
their parents.

Nationwide Questionnaire Survey

Questionnaires were mailed to 616 Japanese pediatric cen-
ters. This initial survey asked whether centers had encoun-
tered patients with 20 congenital diarrheas and
enteropathies between January 2005 and December 2014,
including CCD. The second questionnaire survey, sent to
centers initially reporting CCD, asked about fulfilment of
clinical diagnostic criteria; fetal, infantile, and recent clinical
and laboratory findings; and results of molecular analyses
involving SLC26A3. Clinical diagnosis was based on high
fecal chloride (>90 mmol/L) and persistent watery diarrhea
beginning soon after birth.

Genetic Analysis of SLC26A3

For detection of SLC26A3 mutations, genomic DNA was iso-
lated from peripheral blood cells from each patient and
participating parent. DNA was subjected to polymerase chain
reaction using primers listed in Table I (available at wiww.
jpeds.com). Primer sets were designed to amplify 21 exons
including the 5'-untranslated region and the coding regions
including exon-intron boundaries. Polymerase chain
reaction products were treated with ExoSAP-IT Express
PCR Cleanup Reagents (Thermo Fisher Scientific,
Waltham, Massachusetts) to inactivate free primers and
dNTPs, and then subjected to sequencing reactions using
forward or reverse primers and BigDye Terminator v3.1
(Thermo Fisher Scientific). DNA fragments were purified
using Centri-Sep spin columns (Princeton Separations,
Princeton, New Jersey). Sequencing was carried out with an
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ABI 3100 Genetic Analyzer (Applied Biosystems, Waltham,
Massachusetts).

Sample sequences were aligned to reference sequences ob-
tained from the University of California, Santa Cruz (UCSC)
Genome Bioinformatics Web site (http://genome.ucsc.edu/
index.html) using the ClustalW program (https://www.
genome.jp/tools-bin/clustalw)  to  identify nucleotide
changes. Mutations were numbered according to GenBank
Reference Sequence NM_000111. Names of identified vari-
ants were assigned following guidelines from the Human
Genome Variation Society (version 2; http://www.hgvs.org/
mutnomen/). Chromosomal coordinates were assigned ac-
cording to the GRCh37/hgl9 assembly. The Human Gene
Mutation Database (January 2015; http://www.hgmd.org/),
Sorting Intolerant Form Tolerant (http://sift.jcvi.org/), and
MutationTaster2  (http://www.mutationtaster.org/)  were
used as computational predictive programs. Minor allele fre-
quency was referred to the UCSC Genome Browser and the
Japanese data set of the Human Genetic Variation Database
(HGVD; http://www.hgvd.genome.med.kyoto-u.ac.jp/).
American College of Medical Genetics and Genomics
(ACMG) interpretation guidelines were followed in assessing
pathogenicity of detected variants.'®

Clinical and Laboratory Findings

Clinical and laboratory findings were analyzed for patients in
whom mutations of SLC26A3 were identified. Perinatal ob-
servations as well as clinical and laboratory findings at diag-
nosis, during infancy, and at most recent follow-up were
obtained retrospectively from medical records. Perinatal ob-
servations included date of birth, sex, gestational duration,
birth weight, presence or absence of polyhydramnios and
dilated fetal bowel loops on fetal ultrasound scan, and any
fetal diagnoses. Clinical and laboratory data at diagnosis
included age; watery diarrhea; abdominal distention; fecal
chloride content; serum sodium, potassium, and chloride
concentrations; and treatments during infancy. Features rep-
resenting long-term outcome included follow-up duration;
fecal characteristics; number of stools; serum sodium, potas-
sium, and chloride; estimated glomerular filtration rate
(eGFR); 24-hour urinary sodium, potassium, and chloride;
treatments; growth; education and employment; presence
or absence of soiling; and complications and problems.
Number of stools per day was evaluated as 1-4, 5-9, or >9.
Mild and moderate-to-severe chronic kidney disease
(CKD) were defined as eGFR from 60 to 89 mL/min/
1.73 m? or <60, respectively.'”'"" Growth was evaluated by
height, weight, and body mass index (BMI), all expressed
in terms of SD.'” Recent soiling was evaluated in patients
26 years old.

The initial survey sent to 616 pediatric centers yielded replies
from 529 (86%) between 2014 and 2015, with information
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Nationwide survey for

. congenital diarrheas and

enteropathies at 616 pediatric
centers in Japan

86 % answered

Initial survey
between 2014 and 2015
n=200

Congenital diarrheas and
enteropathies

Other congenital diarrheas and

enteropathies (19 diseases¥)
n=183

1

n=17

Congenital chloride diarrhea

Second survey

No response received

between 2016 and 2018

n=3

n=14

Enrolled subjects*

Figure 1. Flow chart of this nationwide survey. *Clinical diagnostic criteria for CCD in this study were high fecal chloride con-
centration (>90 mmol/L) and persistent watery diarrhea beginning soon after birth. “The other 19 diseases included Shwachman-
Diamond syndrome, congenital sucrase-isomaltase deficiency, congenital lactose intolerance, enterokinase deficiency,
pancreatic lipase deficiency, glucose-galactose malabsorption, congenital sodium diarrhea, fructose malabsorption, abetali-
poproteinemia, microvillus inclusion disease, tufting enteropathy, primary intestinal lymphangiectasia, autoimmune enteropathy,
immunodysregulation, polyendocrinopathy and enteropathy X-linked (IPEX) syndrome, celiac disease, vasoactive intestinal
peptide-secreting tumor (VIPoma), multiple endocrine neoplasia, infant intractable diarrhea, and mitochondrial respiratory chain

disorders.

concerning 200 patients with congenital diarrheas and enter-
opathies including 17 with CCD. In the second survey sent to
the 14 centers encountering CCD, we received detailed infor-
mation between 2016 and 2018 for 14 CCD patients from 11
centers. We enrolled these patients in our study (Figure 1).
All were Japanese. Two had undergone genetic analysis of
SLC26A3 at their centers, including 1 reported previously.""
We performed genetic analysis at Kurume University for
the remaining 12 patients.

Genetic Features
We identified 12 different sequence alterations including 7
missense mutations (c.358G>T, c¢.358G>A, ¢.392C>T,

¢.392C>G, 1043T>A, c.1198T>C, and c¢.1644C>G), 3
splice-site mutations (c.888+1g>a, c.1677+1g>c, and
c.2063-1g>t), and 2 truncating insertion/deletions

(c.1007_1008insT and c.1342_1343del) in SLC26A3 in 13 of
14 patients (93%), including 1 previously reported (#9)."
One patient showed no mutation (#14; Table II). Among
mutations detected, 6 were unreported previously:
¢.358G>T, c.888+1g>a, c.1043T>A, c.1198T>C,
¢.1644C>G, and c.1677+1g>c (Figure 2; available at www.
jpeds.com). None of these were registered previously in
genome databases, including the UCSC genome browser,
HGVD, and Human Gene Mutation Database. Three
patients had homozygous aberrations (numbers 1, 3, and
13), and the remaining 10 patients had compound
heterozygous abnormalities. The most common mutation
was ¢.2063-1g>t (detected in 7 patients). We also examined
available DNA from parents of 7 patients; all were carriers

(Table II and Figure 3 [available at wiww.jpeds.com]). All
12 mutations identified were classified as pathogenic or
possibly pathogenic according to ACMG standards and
guidelines.'® Characteristics of these SLC26A3 variants are
summarized in Table II.

Patient Characteristics During the Perinatal Period
and Infancy

Perinatal information for 4 patients (#4, 9, 10, and 14) was
published previously.'"*"** Table III (available at www.
jpeds.com). summarizes perinatal findings, clinical and
laboratory features at diagnosis, and treatment during
infancy for the 13 patients with mutations of SLC26A3.
Three, 1, 3, and 6 patients were born in the 1970s, 1990s,
2000s, and 2010s, respectively. Seven were male and 6 were
female. Median gestational duration and birth weight were
36 weeks (range, 28-38) and 2640 g (range, 970-3156),
respectively. Eight patients (62%) were premature (before
37 weeks), and 5 (38%) had low birth weight (<2500 g),
including 1 with extremely low birth weight (<1000).
Median age at diagnosis was 1 day (range, first day to
8 months); 9 patients (69%) were diagnosed while neonates.
Fetal ultrasound scan showed both polyhydramnios and
dilated fetal bowel loops in 9 patients (69%). Three patients
(#1, 2, and 3) showed only polyhydramnios with no
information about dilated fetal bowel loops because
ultrasound scan was performed in the 1970s. One patient
(#8) had no fetal ultrasound scan because he was born at
extremely low birth weight following premature rupture of
membranes. Six (46%) and 3 patients (23%), respectively,
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were suspected to have CCD and intestinal atresia during the
fetal period. One patient (#6) underwent surgery on the date
of birth because of false suspicion of intestinal atresia. All
patients showed persistent watery diarrhea beginning soon
after birth and high fecal chloride content (>90 mmol/L).
Actual stool volumes at diagnosis obtainable for 6 patients
ranged from 19 to 110 g/kg/d. Among patients whose serum
electrolytes were evaluated, 4 (31%), 2 (15%), and 5 (38%),
respectively, showed hyponatremia (Na <130 mmol/L),
hypokalemia (K <3.5 mmol/L), and hypochloremia (Cl
<100 mmol/L) at diagnosis. All patients received oral
NaCl. Nine (69%), 3 (23%), 1 (8%), and 4 (31%) also,
respectively, received oral KCl; antidiarrheal medications
such as cholestyramine, loperamide, butyrate, or
polycarbophil calcium; a proton pump inhibitor (PPI); and
probiotics.

Long-Term Outcome

Table IV (available at www.jpeds.com). summarizes current
clinical and laboratory features including long-term outcome
of the 13 patients with mutations of SLC26A3. Median
follow-up duration was 10 years (range, 2-39). At the end
of follow-up, 4 (31%) and 8 patients (62%) had no watery
diarrhea and <5 stools per day, respectively; all patients
had fewer stools per day than in infancy. Four (31%) and 3
patients (23%) had hypokalemia and hypochloremia,
respectively, and none had hyponatremia. When they
developed intercurrent respiratory infections or infectious
enterocolitis, most patients had temporarily increased stool
volume, serum electrolyte abnormalities, and dehydration,
often requiring infusion of electrolyte solutions (data not
shown). Median eGFR was 103 mL/min/1.73 m? (range,
79-158). Most patients had undergone only spot urine
testing including sodium, potassium, and chloride
concentrations, with no 24-hour urine collections. One
patient had nephrocalcinosis; 3 (23%) had mild CKD.
Eight (62%), 6 (46%), 1 (8%), and 3 (23%) received NaCl,
KCl, antidiarrheal medication, and probiotics, respectively.
Two patients (15%) received no medication. Median
height, weight, and BMI were —0.5 SD, —0.6 SD, and —0.6
SD, respectively. Among 11 patients 26 years old, 10 (91%)
received a regular education; only 1 attended special
education, and only 3 had frequent soiling (27%). All 4
adult patients were employed. Three patients had a
neurologic disorder (dysgraphia, tic disorder, attention
deficit hyperactivity disorder, Asperger syndrome, or
anxiety; 23%). Other complications and problems such as
need for home parenteral nutrition, nephrocalcinosis,
megacolon syndrome, enuresis, and growth hormone
deficiency were seen among 3 patients (23%).

We report 13 Japanese children with CCD and SLC26A3 mu-
tations with respect to clinical and genetic features. On the
basis of this nationwide survey, CCD would be one of the

most common congenital diarrheas and enteropathies in
Japan, along with Shwachman-Diamond syndrome (24 pa-
tients in 1 report).** When one considers all pediatric diar-
rheas and enteropathies, however, CCD is very rare in Japan.

Watery diarrhea in CCD can be mistaken for urine,
whereas hyperreninemia and hyperaldosteronism, leading
to hyperkaluria and hypokalemia, may mimic Bartter syn-
drome.”'"** Such early misinterpretations can delay CCD
diagnosis by months or years. Close attention to fetal ultraso-
nographic findings characteristic of CCD is important for ac-
curate early diagnosis.*”** In this study, 9 patients (69%)
initially suspected to have CCD (6) or intestinal atresia (3)
by fetal ultrasound scan were diagnosed neonatally with
CCD. CCD diagnosis was earlier than in previous re-
ports,' ***** probably because of advances in fetal ultrasound
equipment. CCD must be distinguished from intestinal
atresia or other congenital abnormalities prenatally because
CCD is treated medically rather than surgically.”® A patient
born in the 2000s (#6) underwent surgery upon birth because
fetal ultrasound scan suggested intestinal atresia. Pediatri-
cians, obstetricians, and pediatric surgeons should be aware
of CCD as a diagnostic alternative to Bartter syndrome and
intestinal atresia."’

A previous nationwide CCD study in Finland by Hihnala
et al included long-term outcomes, but all patients were
born before 1990.* Our study is the first nationwide report
including long-term outcomes in patients with CCD born af-
ter 1990. At the most recent visit, all patients between ages 2
and 39 years had fewer stools than in infancy. In 11 patients
26 years old at last visit, numbers of stools had decreased to
<5 daily in 8 (73%), stool characteristics were improved in 3
(27%), and soiling problems were indentified in 3 (27%).
Hihnala et al reported that amount of diarrhea was reduced
in only 14% of patients, and soiling remained common at all
ages.” In our study, all patients developed normally, falling
within 2 SD for height, body weight, and BMI. Among 11
patients 26 years old, 10 (91%) underwent general education
and 1 required special education. All 4 adult patients were
employed. No patient in this study developed inflammatory
bowel disease, although SLC26A3 mutations reportedly have
contributed to onset of inflammatory bowel disease in some
patients.”*” Overall, then, long-term outcome was fairly
good. We believe that early diagnosis and intervention
improved outcomes compared with previous reports.***

Three patients (23%) received antidiarrheal medications,
which were discontinued because of ineffectiveness. In the
study by Hinahla et al, antidiarrheals also had a limited ef-
fect.” The only agent showing even moderate temporary ef-
fect was cholestyramine, which binds bile acids and reduces
intestinal secretion, reducing diarrhea somewhat for 2-
4 weeks. In children, short courses to reduce diarrhea and
prevent soiling temporarily may be beneficial.” One patient
(#2) in this study received cholestyramine during infancy,
without benefit. Two patients (15%; #8 and 9) received PPI
for diarrhea, but effectiveness has been controversial; instead,
salt substitution should be optimized."**** Although pa-
tients 8 and 9 achieved long-term normalization of serum
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electrolytes, so did others who never received PPI; moreover,
patient 8 still had soiling problems.

Frequencies of hyponatremia, hypokalemia, and hypo-
chloremia at diagnosis resembled those in previous re-
ports.'*** Nine patients (69%) received both NaCl and KCl
during infancy. Previous studies reported that NaCl or KCI
monotherapy might result in renal dysfunction or growth
retardation, so both NaCl and KCl were needed.™*" Hyperre-
ninemia and hyperaldosteronism from inadequate salt sub-
stitution can result in juxtaglomerular hyperplasia,
hyalinization of glomeruli, calcium deposition, and vascular
changes.”' Oral administration of both NaCl and KCl during
infancy was more common in our study than in a previous
Austrian report.”* Altogether, available studies indicate that
sodium, potassium, and chloride supplementation is more
important than antidiarreal therapy or PPL****

As for long-term electrolyte balance, 4 (31%) and 3 pa-
tients (23%), respectively, showed hypokalemia and hypo-
chloremia; none had hyponatremia. Five patients (38%)
continued both NaCl and KCl long term, and 9 (69%)
received both during infancy. Long-term persistence of hy-
pokalemia and hypochloremia was more frequent in this
study than in a previous report.” Normalization of serum po-
tassium and chloride is important in preventing renal injury
in CCD. Wedenoja et al examined 24-hour urinary chloride
concentrations to assess long-term therapeutic response to
electrolyte supplements in CCD.”” In patients between 3
and 7 years old, urinary chloride should be 10-30 mmol/L,
and in older children, at least 30-50. In adults, physicians
additionally should monitor eGFR because of the risk of
CKD.” In our study, only 1 patient developed nephrocalcino-
sis, and 3 had mild CKD. CKD clearly is associated with both
delayed CCD diagnosis and inadequate salt replacement,
particularly during early in life.” Most patients in our study
had no monitoring of 24-hour urinary chloride, leading to
suboptimal salt supplementation. We recommend that phy-
sicians treating patients with CCD should evaluate not only
serum electrolytes and eGFR but also 24-hour urinary chlo-
ride to ensure salt replacement sufficient to prevent CKD.

The SLC26A3 gene, previously known as down-regulated
in adenoma, is located on chromosome 7q31 and consists
of 21 exons. Its product is an apical transmembrane protein
with 764 amino acids, including 14 probable hydrophobic
membrane-spanning domains and a cytoplasmic COOH-
terminal tail. The tail possesses 2 protein interaction motifs:
a sulfate transporter and anti-sigma antagonist (STAS)
domain including amino acids 525-720, and a post-
synaptic density 95/discs large/zona occlusion-binding
domain including amino acids 762-764."''* Of the 101 mu-
tations reported previously, 68 and 29 are located in the
transmembrane domain and the STAS domain, respectively.
Similarly, the 12 mutations among our patients involved
these domains (9 transmembrane, 3 STAS), which clearly
are essential to anion-exchange functions of the SLC26A3
protein (Figure 2).
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We confirmed that the parents who provided DNA all were
carriers. Moderate evidence exists for pathogenicity of the
variants.'® We identified 6 novel mutations: 2 splice-site mu-
tations (c.888+1 g>a and c.1677+1 g>c) in patients #7, 10,
and 12, and 4 missense mutations (c.358G>T, ¢.1043T>A,
¢.1198T>C, and ¢.1644C>G) in patients #1, 5, 8, and 10.
Splice-site mutations can disrupt gene function by causing
complete transcription failure or nonsense-mediated decay
of an altered transcript, and the 4 novel missense mutations
either are located in critical functional domains or would lead
to a missense amino acid change at the same position as
another known pathogenic missense change.!' Considering
ACMG standards and guidelines,' these 6 novel mutations
could affect synthesis or activity of the SLC26A3 protein,
thus resulting in CCD.

The ¢.2063-1g>t mutation was found in at least 1 allele of 7
patients. This mutation was identified in all reported Korean
patients, but was not observed in Finland, Poland, or Arab
countries.'""'"” Accordingly, ¢.2063-1g>t might represent a
founder mutation in East Asia, even though SLC26A3 muta-
tions causing Japanese CCD are more diverse than those re-
ported from Korea. Of 101 previously known mutations, 3
(c.559G>T, ¢.951_953del, and c.2024_2026dup) account
for 47%-94% of mutations in Finland, Poland, and Saudi
Arabia'%; distributions of these mutations have been ex-
plained as founder effects. According to HGVD, frequencies
of ¢.559G>T, ¢.951_953del, and ¢.2024_2026dup are nil.
Thus, the mutation spectrum of SLC26A3 in CCD shows
ethnic variation.

Although 12 types of pathogenic variants of SLC26A3 were
identified in 13 Japanese patients, correlation between geno-
type and phenotype in CCD remains limited. Previous re-
ports have stated that patients with the same genotype
showed different responses to diarrhea-modulating agents
such as butyrate, with benefit for Italian but not Finnish pa-
tients."*** Study of additional patients may clarify genotype-
phenotype relationships. Some limitations in this study could
be addressed in future research. First, surveys were limited to
pediatric centers, so little new knowledge was gained about
CCD in adults. Second, compared with studies from Eu-
rope,™!" our patient numbers were relatively small because
of lower prevalence of CCD. Additional systematic identifica-
tion of cases in other East Asian countries will be important.

In conclusion, we examined clinical features, molecular ge-
netics, and long-term outcomes in Japanese patients with
CCD. Early diagnosis by fetal ultrasound scan and fecal chlo-
ride determinations, differentiating CCD from congenital in-
testinal atresia or Bartter syndrome, and early initiation of
long-term treatment with both NaCl and KCI may be impor-
tant to improve outcomes. We identified 12 abnormalities of
SLC26A3, including 6 novel mutations, among 13 patients.
Another patient had no mutation of this gene. The
SLC26A3 mutation spectrum in CCD appears to vary be-
tween ethnic groups; ¢.2063-1g>t might represent a founder
mutation in East Asia. B
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Preface

Sacrococcygeal teratoma is a relatively rare disease. Although it is a benign tumor by nature, with
a tendency towards good prognoses, in clinical practice, sacrococcygeal teratomas vary widely,
including mild cases, significantly large cases leading to heavy bleeding, high-output heart failure
and DIC, as well as severe and fatal cases. In addition, even after acute phase and tumor resection,
some cases may experience recurrence, malignant conversion and defecation disorders, urinary
disorders, movement disorders of the lower limbs, etc. in the long term.

However, because of the rarity of this disease, there have been no clear medical guidelines as of
yet, with very few opportunities to encounter this disease not only for pediatricians, obstetricians
and gynecologists, but also for pediatric surgeons. Therefore, in the event of the actual occurrence
of this disease, general practitioners other than experts currently lack information such as what
conditions are risk factors of the vital prognosis, selection of the delivery method, treatment
approaches, and precautions for follow-up. For further proper medical policy, it was imperative to
establish appropriate severity classification and clinical practice guidelines.

Regarding this disease, a previous study exists, "Research for Understanding the Realities and
Establishing Guidelines of Fetal Sacrococcygeal Teratomas" (H23- Intractable-General-042), in
which a national survey was conducted on prenatal diagnosis cases among major institutions of
pediatric surgery. In this study, a development group for the clinical practice guidelines for
sacrococcygeal teratomas was organized as a group within “Research for establishing guidelines for
rare and intractable gastrointestinal diseases, spanning childhood to the transition phase” (H26-
Intractable, etc. (Intractable)-General-045: principal investigator: Tomoaki Taguchi), with the aim
of establishing clinical guidelines for sacrococcygeal teratomas and information disclosure, based
on the results of previous studies.

Recently, improved outcomes of perinatal treatment for sacrococcygeal teratomas and the long-
term survival of child patients have been achieved, with the occurrence of complications during the
period after treatment clinically coming to the fore. Under such circumstances, the development of
these guidelines is the first attempt in Japan, having huge clinical value and significance in terms of
medical policies and potentially leading to the improved prognosis of child patients along with the
efficient use of medical economics.

It is our desire to have these guidelines serve as a reference to all doctors engaging in medical
practice for this disease in addition to contributing to improvement of the prognosis and quality of
life of this disease.

Finally, I would like to show my deepest appreciation to the cooperators on the Taguchi team who
were responsible for the guidelines and provided substantial effort and advice in creating these
guidelines.

November 2016
Group Leader, Development group for the clinical practice guidelines for sacrococcygeal teratomas
Tatsuro Tajiri (Department of Pediatric Surgery, Kyoto Prefectural University of Medicine)
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Sectionl. Introduction

Section]. Guidelines summary

CQ 1: What are the risk factors related to the vital prognosis of sacrococcygeal

teratomas?

Recommendation: Risk factors related to the vital prognosis of sacrococcygeal teratomas
reportedly include tumor size and growth rate, tumor characteristics and tissue
type, complications of fetal edema and heart failure, early delivery, etc. It is
recommended to pay attention to the existence of these risk factors when
planning treatment for sacrococcygeal teratomas.

CQ 2: Will the prognosis be improved if a caesarean section is performed against

tumor lesions outside the pelvis?

Recommendation: For tumor lesions outside the pelvis, it is reasonable to consider
caesarean section depending on the size thereof in order to avoid tumor collapse,
tumor hemorrhage, and delivery difficulty

CQ 3: In the surgical treatment for sacrococcygeal teratomas, is the pretreatment

of tumor feeding vessels effective?

Recommendation: In surgical treatment for blood flow-rich sacrococcygeal teratomas,
pretreatment of nutrient vessels from the median sacral artery and the internal
iliac artery may be considered.

CQ 4: Is IVR useful as an adjunctive treatment?

Recommendation: Although the IVR for the sacrococcygeal teratomas facilitates tumor
removal and may reduce the amount of bleeding at the time of removal, there
have been few cases and skilled technique is required for the procedure.
Therefore, we recommend that the feasibility of the procedure at the facility be
thoroughly examined in advance.

CQ 5: What Kkinds of tests are recommended for follow-ups on recurrence after

treatment?

Recommendation: While the risk of recurrence of malignant teratomas is high, it should
be noticed that even mature or immature teratomas may become malignant and
recur. AFP measurements are recommended for early detection of malignant
recurrence. It is necessary to conduct follow-ups for three years after the end of
treatment.

CQ 6: What long-term complications (sequelae) may occur after treatment?

Recommendation: In newborns and infants, even sacrococcygeal teratomas can be
completely removed, with long-term complications often occurring such as
defecation disorders, dysuria, lower limb movement disorders, and dysmorphia
of wounds. It is recommended to provide these facts to patients/families before
determining the treatment policy.

-4-



1.

Teratoma :

Section 2. List of terminology and abbreviations

List of terminology

one kind of germinoma. Well-differentiated germinomas with diploblastic or
triploblastic components. It occurs primarily in the gonads, but may also originate from
aberrant germ cells that migrate from the yolk sac to the gonads during the process of
generation, occurring throughout the body (mostly on the sagittal plane). Common sites
include the genital organs, mediastinum, retroperitoneum, sacrococcygeal region, and
central nerve. Mature teratomas have highly differentiated and mature tissue
components, while immature teratomas have various degrees of immaturity in each

component, similar to fetal tissue.

Altman Classification : Classification of the occurrence sites of sacrococcygeal teratomas of the

405 cases collected from facilities participating in the Surgical Section of the American

Academy of Pediatrics, published by Altman et al. in 1974.

Radiofrequency ablation (RFA) : Percutaneously injecting an electrode probe into a tumor,

2.
IVR:

AFP:

distributing a radio wave (450 kHz), and generating heat energy that causes thermal

coagulation necrosis of the tumor tissue.

Abbreviation list

interventional radiology. Treatment using images. It is a part of radiology and one
involving minimally invasive medical treatments using diagnostic imaging equipment,
including transcatheter arterial embolization and radiofrequency ablation.
alpha-fetoprotein. Glycoprotein produced in the yolk sac in fetal life, with production
ceasing at birth. It is used as a tumor marker, exhibiting high values in yolk sac tumors
containing yolk sac components or malignant teratomas as germinomas. It exhibits tens
of thousands to hundreds of thousands ng/mL at birth, tens of thousands times the
baseline values of adults, and drops to hundreds to 10,000 ng/ml 30 days after birth.
Thereafter, it continues decreasing, falling to less than 10 ng/mL by the age of 4 or 5,
which is similar to that of adults. Therefore, if a germinoma is suspected in infancy, it

is necessary to compare AFP values in accordance with their age.



Chapter 2. SCOPE

Section 1. Basic characteristics of the disease topic
1. Clinical characteristics

Sacrococcygeal teratomas are teratomas developing from the tip of the sacrum, a tumor that
protrudes outward from the buttocks or develops into the pelvic cavity/abdominal cavity, which can
take various forms such as a solid or cyst. Teratomas originate from cells with multilineage potential
located at the tip of the coccyx (Hensen's node) and are defined as tumors containing components
derived from all germ layers including the endoderm, mesoderm, and ectoderm. Because it contains
components derived from the three germ layers, it may contain various tissues such as bone, teeth,
hair, fat, nerve tissue, airway tissue, digestive tract epithelium, and skin. In some cases, the tumors
are originally benign but develop into large ones, leading to high-output heart failure and DIC, and
even death.

The Altman classification is used for classification according to the occurrence site of
sacrococcygeal teratomas, including the following types:

Type I: Most of the tumor constitutes components outside the pelvis

Type 1I: Although there is development inside the pelvic cavity, components outside the pelvis are
larger

Type III: Although there is development outside the pelvis, components inside the cavity of the pelvis
and abdomen are larger

Type IV: There is no development outside the pelvis, only including components inside the cavity of
the pelvis and abdomen

(Fig. 1).

According to the study by the Kitano group-Taguchi group in 2009-2011, the macroscopic form of
this disease can be classified into two types and four subtypes, including the cyst-dominant type
(cystic type, mixed type with cystic components dominant) and the solid-dominant type (mixed type
with solid components dominant, solid type) (Fig. 2). Histopathologically, it is classified into mature
teratomas whose components have all matured and differentiated, premature teratomas containing
immature components, and yolk sac tumors containing malignant components. Sometimes hybrids
of these types may occur.

[ |

Solid

component .

(Cystic Cystic
\ _component 4 component

Cystic type Mixed type Mixed type
Flg 2 (Cystic components (Solid components

dominant) dominant)
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2. Epidemiological characteristics

They are said to occur in 1 case out of 40,000 births. The male-female ratio is approximately 1:3,
more frequently occurring in girls. The occurrence of sacrococcygeal teratomas is most frequent
among teratomas diagnosed during the neonatal period, with most cases diagnosed at the time of birth
being mature teratomas/immature teratomas. However, the occurrence of yolk sac tumors which are
malignant teratomas after one year of age is high, reportedly occurring at a rate of 75% or more.

The symptoms include the tumor growing outward from the buttocks or into the pelvic cavity. The
tumor may cause compression on the ureter, bladder, and rectum, resulting in urinary retention or
constipation, or movement disorders of the lower limbs. In cases detected in the fetal period, a solid
tumor rich in blood flow may become a fetal edema due to high-output heart failure, possibly resulting
in an intrauterine fetal death or early delivery by urgent caesarean section. With malignant teratomas,
in addition to defecation disorders/urinary disorders, inguinal lymph node enlargement, development
into the spinal canal, and metastasis to multiple organs may be observed.

3. Overall flow of medical examinations

The following two are the diagnostic criteria for this disease:
(1) Upon imaging diagnoses (including prenatal examination) such as by CT, MR, ultrasonography
or surgical findings, a solid or cystic tumor is found to occur in the sacrococcygeal site without a
connection to the neural tube, with development into the abdominal cavity or proptosis toward the
buttocks also found.
(2) Based on the histological diagnosis of tumors excised at surgery, a tissue type of either a mature
teratoma, immature teratoma, or malignant teratoma can be found.

For some reason, if histological diagnosis is difficult due to surgery, a definite diagnosis can be
made if (1) is met.

For mature teratomas and immature teratomas, surgical resection is carried out. In cases of Altman
type I, many patients undergo resection approaching from the buttocks, while peritoneotomy is also
used in patients with large amounts of intraabdominal components. With gigantic solid masses, the
risk of bleeding is high. It is useful to first ligate the median sacral artery, which is a nutrient blood
vessel. With yolk sac tumors, chemotherapy such as BEP therapy may be carried out first, followed
by surgical resection.

From the examination of cases of sacrococcygeal teratomas discovered in the fetal period in Japan,
fetal edema and high output heart failure were found, with 12% dying in the perinatal stages. On the
other hand, the death rate after infancy makes up 2% of the total, indicating that deaths during the
time period after treatment are relatively rare. However, it has been reported that recurrence occurred
in 8% of teratomas removed during neonatal infancy and infancy, suggesting the necessity of careful
follow-up. In addition, for malignant sacrococcygeal teratomas, a 4-year survival rate of
approximately 90% has been reported. With this disease, it has been reported that defecation
disorders/urination disorders/movement disorders of the lower limbs remain in approximately 15%
of patients following resection, so sufficient care is necessary in regards to these disorders.

The severity criteria of sacrococcygeal teratomas are as follows:
(1) Mild cases
Those definitively diagnosed with this disease by the diagnostic method described above, surviving
more than 90 days and not falling under any item of a) to d) of (2)
(2) Severe cases

-7-



Those definitively diagnosed with this disease by the diagnostic method described above, surviving
more than 90 days and falling under any of the following items a) to d)

a) Those with dysuria

b) Those with bowel movement disturbance

b) Those with movement disorders in the lower limbs

d) Those with mental retardation/motor retardation/hypoxic encephalopathy/other central nervous
disorder

(3) Most severe cases

Those definitively diagnosed with this disease by the diagnostic method described above, resulting
in fetal death due to high-output heart failure, fetal edema, massive bleeding, DIC, etc., or surviving
less than 90 days.

Section 2. Coverage of the clinical practice guidelines

1. Title
Clinical practice guidelines for sacrococcygeal teratoma

2. Objective
To make the rare disease sacrococcygeal teratoma better known, share information on the
disease concept, diagnostic criteria, and severity assessment, and provide information for
decision making in terms of medical services (diagnosis, treatment).

3. Topic
Sacrococcygeal teratomas have a relatively high mortality rate in the neonatal period, involving
the possibility of postoperative complications and recurrence occasionally accompanied by
malignantization. Due to the low occurrence frequency, the sample size is small even on a
global scale. Therefore, there is little evidence of high-quality treatment that could be applied
to patients, nor standardized treatment policies. In most cases, treatment has been based on the
experience of individual facilities and physicians. This is why we developed these guidelines.
Because it is a rare disease, it is vital to pay attention not to form a consensus biased toward the
opinion of a few experts.

4. Target users and facilities

[Users]

(1) Healthcare professionals who will encounter this disease in the early stages (general
practitioners such as obstetrics, pediatrics, etc.)
(2) Healthcare professionals at secondary and tertiary medical facilities that provide primary
medical services for this disease such as obstetricians, neonatologists, pediatricians and

pediatric surgeons



5.

6.

[Facilities]

General practitioners such as maternity wards and pediatrics, perinatal care facilities,

comprehensive perinatal medical centers, regional perinatal medical centers, neonatal training

institutes of the Japan Society of Perinatal and Neonatal Medicine, facilities accredited by the

Japan Society of Pediatric Surgeons, education-related facilities of the Japan Society of

Pediatric Surgeons, primary, secondary, tertiary medical care facilities such as training facilities

for physicians certified by the Japanese Society of Pediatric Hematology/Oncology
Relationship with existing guidelines

No guidelines concerning sacrococcygeal teratomas exist in Japan or other countries.
Important clinical issues

[Important clinical issue 1]~ Pathology (preoperative complications and risk factors)

[Important clinical issue 2] Diagnosis
[Important clinical issue 3] Treatment (delivery method, operative procedure, adjuvant
therapy)

[Important clinical issue 4]  Prognosis (postoperative recurrence/complications in long-term
prognoses)
Coverage of the clinical practice guidelines
(1) Sacrococcygeal teratomas in infants
(2) Treatment for patients who have been definitively diagnosed with this disease
(3) Prenatal diagnosis, perinatal care management, preoperative management, IVR, surgical
therapy, postoperative management
(4) Complications, long-term follow-up, prognosis
Clinical questions (CQ)
CQ 1: What are the risk factors related to vital prognosis?
CQ 2: Will the prognosis be improved if a caesarean section is performed against tumor
lesions outside the pelvis?
CQ 3: In the surgical treatment, is the pretreatment of tumor feeding vessel effective?
CQ 4: Is IVR useful as an adjunctive treatment?
CQ 5: What kinds of tests are recommended for follow-ups on recurrence after
treatment?

CQ 6: What are the long-term complications (sequelae) after treatment?



Chapter 3. Recommendations

Section 1. CQ1

CQ1 What are the risk factors related to vital prognosis of sacrococcygeal

teratoma?

Recommendations | Risk factors related to the vital prognosis of sacrococcygeal teratomas
reportedly include tumor size and growth rate, tumor characteristics and tissue
type, complications of fetal edema and heart failure, early delivery, etc.

It is recommended to pay attention to the existence of these risk factors when

planning treatment for sacrococcygeal teratomas.

Strength of .
) 0 A (strong) 0O B (medium) oC (weak) m D (very weak)
evidence
Strength of m Strongly Recommend "Implementing”
recommendation 0 Weakly Recommend (Suggest) "Implementing”

0 Weakly Recommend (Suggest) "Not Implementing”
o Strongly Recommend (Suggest) "Not Implementing”

o Strongly Recommend "Not Implementing”

o No Recommendation

Creation process of the recommendations

[Settling of PICO]

Senobotic teratomas are germinomas that develop in the sacrococcygeal site and have the highest
occurrence rate among neonatal tumors. Although the prognosis for the disease has been considered to be
relatively good, the prognosis of cases diagnosed before birth is not always good. A nationwide survey, from
a previous study, has shown that there were many cases of death in the fetal stage or postnatal early stage,
along with many cases involving severe complications. At the clinical site, one of the most Important issues
is what kind of factors we should pay attention to in planning the treatment regimen. Therefore, we raised
the question, "What are the risk factors related to the vital prognosis of sacrococcygeal teratomas during the
neonatal and infant period?”” as CQ1, setting PICO as follows.

P: infants with sacrococcygeal teratomas under 1 year old

I: gestational age, birth weight, fetal edema, tumor collapse, tumor bleeding, high output heart failure,

disseminated intravascular coagulation, tumor size, tumor properties (solid/cyst type), tumor tissue
type (immature teratomas/mature teratomas), tumor site (Altman I-II type/Altman III-IV type)

C: Cannot be set

O1: The vital prognosis gets worse.
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[ Literature search and screening]

Approximately 290 documents were searched for risk factors related to the vital prognosis of
sacrococcygeal teratomas, 110 of which were subject to primary screening. After examination, 50
documents were subjected to secondary screening. Among these, there were no Cochrane reviews,
systematic reviews, or reports on randomized controlled trials and non-randomized controlled trials. As
there were 13 documents (reference 1 to 13) in which reference was made to the vital prognosis as the
primary outcome and analysis on the factors listed above was conducted, in the end, we adopted these 13

references. All of them were case series studies including 6 to 97 subjects.

[Risk factors related to vital prognosis]

Risks related to vital prognosis can be divided into factors of the tumor itself and factors of the children.
Brace et al. reported a rapid increase in tumor size in the fetal stage and onset of fetal edema in all five
deaths out of eight cases". With regard to the growth rate of the tumor, Wilson et al. reported that the rate
of mortality rises if the weekly growth rate exceeds 150 cmi/week 2. In addition, Shue et al. and Rodriguez
et al. reported that the larger the tumor volume to fetal weight ratio (TFR), the worse the prognosis **. All
patients with TFR of 0.12 or more had fetal edema®. Moreover, the spread of vascular distribution within
the tumor and the amount of solid components have reportedly been correlated with the mortality rate> ©.
Perrelli et al. reported that 2 deaths out of 17 cases were malignant tissue type ”. Yoneda et al. reported
recurrence in 8 of 31 immature teratomas and 2 recurrences out of 48 mature teratomas ®. De Backer et al.
reported that 6 deaths out of 70 cases were immature teratomas or yolk sac tumors ?. As molecular-
biological research, Addeo et al. also reported that high expression intensity and mutation of Bax protein in
tumors are correlated with poor prognosis '”. On the other hand, it has been reported that the Altman
classification, which is the morphological classification of tumors, does not correlate with prognosis '".
From these facts, (1) tumor size and growth rate, along with (2) tumor properties and tissue type, may be
risk factors of tumors related to vital prognosis.

On the other hand, as risk factors among children, Okada et al. reported that heart failure and fetal edema
were observed in 1 death out of 6 patients 12 while Hedrick et al. reported 3 of 5 fetal deaths had heart
failure and fetal edema'®. Benachi et al. also reported that 11 patients died among 21 patients with signs of
heart failure and a tumor diameter exceeding 10 cm . In addition, Usui et al. reported that the mortality
rates of those of gestational age less than 28 weeks, 28 weeks to 31 weeks, 32 weeks to 36 weeks, and more
than 37 weeks were respectively 60%, 38%, 11% and 0% 9 while Hedrick et al. reported that the average
gestational age of the seven cases of newborn death was 28.6 weeks '¥. From these facts, we assume that 1)
complication of fetal edema, 2) complication of heart failure, and 3) early delivery, may be risk factors

among children in relation to vital prognosis.
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Section 2. CQ2

CQ2 Will the prognosis be improved if a caesarean section is performed

against tumor lesions outside the pelvis?

Recommendations | For tumor lesions outside the pelvis, it is reasonable to consider caesarean
section depending on the size thereof to avoid tumor collapse, tumor

hemorrhage, and delivery difficulty

Strength of .
) 0 A (strong) 0O B (medium) oC (weak) m D (very weak)
evidence
Strength of o Strongly Recommend "Implementing”
recommendation m Weakly Recommend (Suggest) "Implementing”

0 Weakly Recommend (Suggest) "Not Implementing”
o Strongly Recommend (Suggest) "Not Implementing”

o No Recommendation

Creation process of the recommendations

[Settling of PICO]
P: Infant sacrococcygeal teratomas with extrapelvic tumors (Altman types I to II)
I: delivery by cesarean section (scheduled)
C: delivery not by cesarean section (scheduled)
O1: improvement in vital prognosis
02: decrease in tumor bleeding
03: decrease in tumor collapse

O4: decrease in postoperative complications

[ Literature search and screening]

Regarding the usefulness of performing a caesarean section on a fetus with extrapelvic lesions, 106
documents were included in the primary screening. 44 documents were included in the secondary screening
to obtain 14 documents in the end. Eleven out of the 14 documents were case series/case reports, while three
were review articles.

[Results of qualitative review]
O1: improvement in the vital prognosis
Comparison of caesarean delivery and vaginal delivery: While there are no reports comparing caesarean
delivery and vaginal delivery with respect to vital prognosis, several studies have reported on problems with
vaginal delivery due to sacrococcygeal teratomas. The problems include the fact that extrapelvic lesions
cause fetal malposition or hinder the progress of labor, along with the fact that tumors may collapse at

delivery, leading to bleeding into the tumor and blood loss in the fetus ~. Although these papers are case

series and case reports, each of them recommend caesarean delivery. On the other hand, although similar
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problems exist, it has been reported that vaginal delivery is considered depending on the tumor size (less
than 5 cm)® ', It has also been reported that caesarean section caused tumor damage leading to death due
to bleeding 7, suggesting the necessity to examine methods to prevent bleeding from tumors such as adding
a new twist to uterotomies. We believe that the problem at delivery having the greatest impact on the
prognosis of the fetus is blood loss due to tumor damage. While caesarean section delivery may potentially
reduce such risks, it is unknown whether or not it may improve the vital prognosis.

Comparison between scheduled caesarean section and emergency caesarean section: we examined the
vital prognosis of sacrococcygeal teratomas diagnosed at the fetal stage in Japan 7, by comparing the
delivery method between 11 cases of postnatal death and 71 cases of survival. The results showed that the
proportion of emergency caesarean sections was significantly higher in cases of postnatal death than in
surviving cases (72.7% vs 29.9%), while that of scheduled caesarean sections was significantly lower
(18.2% vs 48.1%). In many cases, emergency caesarean sections were performed for fetal indications
requiring delivery, due to fetal dysfunction such as fetal edema and tumor hemorrhage, resulting in more
frequent deaths. It may be necessary to take appropriate medical intervention at the stage before emergency
caesarean sections.

Prognostic factors of fetuses: it has been reported that important fetal prognostic factors in sacrococcygeal
teratomas include the number of weeks pregnant at delivery, fetal cardiac dilatation, fetal edema, signs of
fetal heart failure®'". According to reports in Japan, postnatal death cases have the following characteristics,
compared to surviving cases: 1) gestational age (week) at diagnosis is significantly smaller, 2) the number
of weeks pregnant at delivery is significantly smaller, 3) signs of fetal heart failure are significantly more
frequent, 4) the number of solid-dominant tumor types and solid tumor types is significantly larger, 5) the
occurrence of tumor collapse and tumor bleeding at birth is significantly more frequent, 6) the tumor
diameter was significantly larger, and 7) the number of immature teratomas was significantly larger in terms
of the pathology 7. Since some of these items can be found before birth by ultrasonography, etc., the
prognosis may be improved in some cases by medical intervention before abnormal findings appear.

Selection of delivery method/timing of delivery: the improvement of diagnostic techniques has
contributed to the increase in prenatal diagnosis and therefore the accumulation of information. Based on
such reports, algorithms for prenatal management of fetal sacrococcygeal teratomas have been proposed '?
'3 In some of these algorithms, fetal treatment is also taken into consideration regarding the continuation
of pregnancy when the number of weeks (pregnant) is less than 28, wherein prematurity is a major problem.
Going forward, it is necessary to examine the usefulness of these algorithms by accumulating further reports.

In summary, when caesarean section is performed at an appropriate time for extrapelvic tumor lesions, it
may reduce the risk of tumor damage and improve the prognosis. However, vital prognoses are affected by

many other factors, making it hard to conclude that it can be improved by caesarean section alone.

02: decrease in tumor bleeding

03: decrease in tumor collapse
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We could find no documents comparing the amount of bleeding during vaginal delivery and caesarean
section. As mentioned above, the problems with transvaginal delivery due to extrapelvic lesions include
abnormal progress of labor, tumor collapse, and bleeding into the tumor. According to the case series by
Holzgreve et al., 3 of 5 newborn deaths were attributed to tumor collapse during vaginal delivery *. From
these facts, each reference recommends caesarean delivery. However, some references report that vaginal
delivery can be performed for those with a small tumor diameter (less than 5 cm) ® 'Y, In a nutshell, we
believe that tumor collapse and tumor bleeding may be reduced by selective caesarean section for those with
large tumors, while vaginal delivery may be performed without causing tumor damage depending on the

size of the tumor.

04: decrease in postoperative complications
There are no reports regarding whether or not scheduled caesarean delivery will reduce postoperative
complications, compared to delivery not by scheduled caesarean section. In general, the risk of emergency

caesarean section is higher.

From the above, although caesarean section may reduce the risk of tumor damage and delivery difficulties,
vital prognoses are affected by many other factors, making it hard to conclude that it can be improved by
caesarean section alone (O1). We believe that tumor collapse and tumor bleeding may be reduced by
selective caesarean section for those with large tumors (02, O3). The contribution of caesarean sections to
postoperative complications is unknown (O4). However, in the sense that caesarean sections reduce the risk

at delivery, the selection of caesarean section for large tumors is considered a clinically reasonable choice.
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Section 3. CQ3

CQ3 In the surgical treatment of sacrococcygeal teratomas, is the

pretreatment of tumor feeding vessel effective?

Recommendations | In surgical treatment for blood flow-rich sacrococcygeal teratomas,
pretreatment of nutrient vessels from the median sacral artery and the internal

iliac artery may be considered.

Strength of .
) 0 A (strong) 0O B (medium) oC (weak) m D (very weak)
evidence
Strength of o Strongly Recommend "Implementing”
recommendation m Weakly Recommend (Suggest) "Implementing”

0 Weakly Recommend (Suggest) "Not Implementing”
o Strongly Recommend (Suggest) "Not Implementing”

o No Recommendation

Creation process of the recommendations

[Settling of PICO]

In the treatment strategy for neonatal sacrococcygeal teratomas, we assume that the intraoperative amount
of bleeding greatly influences on the prognosis of the patient. Therefore, for tumors rich in blood flow, if it
is possible to reduce the amount of intraoperative bleeding by blocking the blood flow of tumor feeding
vessels from the median sacral artery and the internal iliac artery prior to tumor resection, we believe the
prognosis of patients may be improved, raising the question "In the surgical treatment for sacrococcygeal
teratomas, is pretreatment of tumor feeding vessels effective?” as CQ3 and setting PICO as follows.

P: infants with sacrococcygeal teratomas under 1 year old

I: Pretreatment of tumor feeding vessels

C: No pretreatment of tumor feeding vessels

O1: improvement in vital prognosis (benefit)

02: decrease in amount of bleeding (benefit)

03: decrease in postoperative complications (benefit)

O4: increase in postoperative ileus (harm)

[ Literature search and screening]

Among 180 searched documents, 47 documents were included in the secondary screening. After
examination, 14 documents were included in the secondary screening. As a result of the secondary
screening, 12 documents, excluding two mentioning the blocking of blood flow by embolization, were not
Cochrane reviews, systematic reviews, randomized controlled trials, nonrandomized controlled trials,
interventional studies, or observational research, indicating that an evaluation of the body of evidence cannot

be done. Because all of them were case reports or case series, a qualitative review was carried out based on
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these 12 references (2 case series, 10 case reports).

[Results of qualitative review]

There have been many reports indicating that the devascularization of feeding vessels from the median
sacral artery or the internal iliac artery prior to tumor resection was useful for decreasing the intraoperative
amount of bleeding. As methods of devascularization, there have been reports on ligation by laparotomy -
% as well as ligation using laparoscopy **. However, despite the pretreatment of feeding blood vessels, some
reports indicated that massive bleeding was observed during surgery and pretreatment was not effective ¥'°.
On the other hand, there have been no reports on complications related to the intraperitoneal pretreatment
of tumor feeding vessels, including postoperative ileus. There have been no reports on improvement of the
vital prognosis or reduction of postoperative complications due to pretreatment. With respect to the amount
of bleeding, the number of reports indicating the effectiveness (benefit) of pretreatment exceeded that of
reports showing the ineffectiveness thereof, with no reports indicating any harm caused by pretreatment.
Therefore, we believed that the pretreatment of feeding vessels from the median sacral artery or the internal
iliac artery is effective. However, because all the papers were case reports or case series, it is assumed that
very serious selection bias is included in the conclusion that the pretreatment of tumor feeding vessels is
effective. Because the evidence level is very low and the strength of recommendation is weak, we deem it

appropriate to say that the pretreatment of feeding vessels "may be taken into consideration."
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Section 4. CQ4

CQ4 Is IVR useful as an adjunctive treatment?

Recommendations | Although the IVR for sacrococcygeal teratomas facilitates tumor removal and
may reduce the amount of bleeding at the time of removal, there have been
few cases and skilled technique is required for the procedure. Therefore, we
recommend that the feasibility of the procedure in the facility be thoroughly

examined in advance.

Strength of .
) 0 A (strong) 0O B (medium) oC (weak) m D (very weak)
evidence
Strength of o Strongly Recommend "Implementing”
recommendation m Weakly Recommend (Suggest) "Implementing”

0 Weakly Recommend (Suggest) "Not Implementing”
o Strongly Recommend (Suggest) "Not Implementing”

o No Recommendation

Creation process of the recommendations

[Settling of PICO]

If the teratomatous teratoma has an abundant blood flow and the tumor diameter is 10 cm or more,
intraoperative bleeding at the time of resection affects the prognosis of infant patients. Therefore, we believe
that if intraoperative bleeding can be reduced by carrying out embolization of the feeding vessels by IVR
prior to resection surgery for tumors with abundant blood flow, the prognosis of infant patients may be
improved. We set CQ 4 as “Is IVR useful as an adjunctive treatment?”, and set up PICO as follows:

P: infants with sacrococcygeal teratomas under 1 year old

I: IVR is carried out

C: IVR is not carried out

O1: improvement in the vital prognosis

02: decrease in the amount of bleeding (benefit)

O3: decrease in postoperative complications

0O4: complications occur due to [IVR

[ Literature search and screening]

We found approximately 211 documents on the effectiveness as adjunctive treatment of IVR
(Interventional Radiology), 16 of which were subject to primary screening. After examination, 11
documents were included in the secondary screening. Among them, there were no Cochrane reviews,
systematic reviews, or reports on randomized controlled trials and non-randomized controlled trials. Four
papers regarding IVR conducted after birth were all case reports (references 1 to 4), which were adopted in

the end
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[Regarding IVR]

The IVR performed on infant patients after birth were four cases of transcatheter arterial embolization '~

) including one case in which radiofrequency ablation (RFA) was carried out prior to birth 2, and one case

in which RFA was performed as an additional treatment after embolization". The maximum diameter of all

the tumors subject to treatment was 10 cm or more.

Regarding the four cases involving IVR, the following table shows the catheter insertion path/embolic

blood vessel/embolus material/time required for the procedure/time required for the operation/intraoperative

amount of bleeding.

artery  with
pushable coil
embolus
added

Reference | Catheter Embolic blood Embolus | Time Time Intraoperative
number | insertion vessel material | required for | required bleeding (mL)
path the for surgery
procedure (minutes)
(minutes)
1 Right femoral | Bilateral  internal | Gelfoam 180 60 Unknown, there
artery iliac arteries suspension (including is an indication
and  liquid | the time that additional
obstructing following hemostasis
material RFA) surgery is
unnecessary
2 Umbilical Bilateral  internal | Unknown Unknown Unknown Unknown
artery iliac arteries
3 Left common | Median sacral artery | Gelatin 80 105 10
carotid artery | and right internal | sponge, It was reported
iliac artery median sacral that
artery  with intraoperative
detachable management
coil embolus was difficult for
added reasons  other
than bleeding
4 Left Median sacral artery | Gelatin 55 Unknown 12
subclavian and right internal | sponge,
artery iliac artery median sacral

In two cases, it was reported that although IVR is effective, proficient skill is required for the procedure” .

[Results of qualitative review]

O1: improvement in the vital prognosis

Although there were no reports on the improvement of vital prognosis, all cases undergoing IVR are

surviving ', In 2 of 4 cases, it was reported that the tumor could be easily removed . On the other hand,

in 1 of the 4 cases, persistent blood transfusion and hyperkalemia caused difficulty in intraoperative
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management (with intraoperative cardiac arrest) .

02: decrease in the amount of bleeding (benefit)
In 3 of 4 cases in which IVR was performed, there was little bleeding during subsequent tumor resection

D349 with the amount of bleeding recorded as 10 mL *, 12 mL * in two cases.

03: decrease in postoperative complications
For the 4 cases in which IVR was performed, there was no clear description that the postoperative

complications were reduced, nor a description that complications were observed after surgery' ™.

04: complications occur due to IVR

In all 4 cases undergoing IVR, we could find no description of complications'™.

In summary, although the IVR for sacrococcygeal teratomas facilitates tumor removal and may reduce
the amount of bleeding at the time of removal, there have only been case reports and skilled technique is
required for the procedure. Therefore, we recommend that the feasibility of the procedure in the facility be

thoroughly examined in advance.
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Section 5. CQ5

CQ5 What kinds of tests are recommended for follow-ups on recurrence after

treatment?

Recommendations | While the risk of recurrence of malignant teratomas is high, it should be noted
that even mature or immature teratomas may become malignant and recur.
AFP measurements are recommended for early detection of malignant

recurrence. It is necessary to conduct follow-ups for three years after the end

of treatment.
Strength of .
) 0 A (strong) 0O B (medium) oC (weak) m D (very weak)
evidence
Strength of m Strongly Recommend "Implementing”
recommendation 0 Weakly Recommend (Suggest) "Implementing”

0 Weakly Recommend (Suggest) "Not Implementing”
o Strongly Recommend (Suggest) "Not Implementing”

o No Recommendation

Creation process of the recommendations

[ Settling of PICO]

P: survivors undergoing surgery for sacrococcygeal teratomas (from infants (under 1 year old) to adults)
I: postoperative examination (imaging examination, tumor marker, body findings)

C: Not applicable

O1: relapse can be detected at an early stage

02: vital prognosis after relapse is improved

[ Literature search and screening]
304 references regarding follow-up for post-treatment relapse were included in the primary screening.
Among these, 63 references were included in the secondary screening. With 21 articles adopted as a result,

a qualitative review was carried out based on seven case series studies thereamong.

[Risk factors of relapse]

There were no prospective clinical studies on the recurrence of sacrococcygeal teratomas, all of which
were retrospective case series. According to a report from the Netherlands on the risk factors of recurrence’,
it was reported that in 173 patients, malignant and immature teratomas were compared with mature
teratomas, wherein the odds ratio of malignant and immature teratomas to mature teratomas was reported
to be 12.58 and 5.74, respectively, while that of incomplete resection was 6.54. However, looking only at
patients under 1 year old, the target of these guidelines, there were many benign teratomas, including 79
cases of mature teratomas, 26 cases of immature teratomas, and 10 cases of malignant teratomas, wherein

recurrence was found in 9 of 101 cases whose prognosis was known (8.9%). According to studies by
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DeBaker et al., which in some cases are thought to overlap with the above study? (70 cases including 50
cases of prenatal diagnosis and diagnosis at birth (mature teratomas:immature teratomas:malignant
teratomas = 48:11:9)), even in the cases of incomplete resection, because the risk of recurrence is not high
if the stump is mature or an immature teratoma, conservative follow-up is recommended. According to a
report by Rescorla et al., with accrual of cases from 15 facilities in the United States®, among 126 patients
with sacrococcygeal teratomas at age 1 or younger (mature teratomas:immature teratomas:yolk sac tumors
= 80:24:11), it was reported that the recurrence rate was high, in the order of yolk sac tumors then mature
teratomas, as the initial tissue type (mature teratomas:immature teratomas:yolk sac tumors = 11%: 4.2%:
33%). In addition, according to a multicenter study® in Japan, 6 of 72 cases (8.3%) of prenatal diagnosis recurred
by 16 months of age, among which 5 cases recurred with malignant alteration (4 mature teratomas and 1 immature
teratoma at the initial stage). According to the US POG/CCSG's investigation on six cases of recurrence with
malignant alteration from a sacrococcygeal teratoma occurring in the neonatal stage®, it was reported that in 4
of 5 cases in which tissues could be found, micro accumulation of yolk sac tumor cells was observed. In
MAKEI®), a clinical study of germinomas in Germany, 5 of 22 cases of sacrococcygeal teratomas recurring as
malignancies were diagnosed as tumors. Two of these were excised, three were followed-up, with the age in
months at the time of recurrence reportedly being 12 to 26 months.

From these facts, recurrence risk factors include malignant teratomas and being positive for resection
stumps in malignant cases. It should be noted that even mature teratomas and immature teratomas may recur
with malignant alteration, in addition to cases with complete resection potentially recurring as well.
Moreover, it is necessary to follow up until the age of three because most cases of recurrence occur by the
age of two.

[ Tumor markers]

There have been many reports on the measurement of AFP at follow-up for recurrence, many of which
indicate high AFP levels at onset. According to Hawkins et al. (POG/CCSG) ¥, AFP was increased in all six
patients (100%) with recurrent malignant sacrococcygeal teratomas (218 to 32,000 ng/mL). According to
Schneider et al. (MAKEI) ®, AFP was increased in 21 of 22 patients (95.4%) with recurrent malignant
sacrococcygeal teratomas. In addition, Pauniaho et al. 7 reported a high level of AFP (2.5-fold the median) in
33% of non-recurrent patients (6/18), with a high level of AFP in 66% of recurrent patients (4/6). In the same
report, CA 19-9 rose by 6% in non-recurrent patients (1/18), while rising by 66% (4/6) in recurrent patients,
indicating its effectiveness in recurrent cases of mature and immature teratomas. From these facts, AFP may

be useful for follow-up of recurrence.

[Image Protocol]
Regarding images, there have been no documents that specifically examined the usefulness, shooting
interval, or shooting method thereof. One report included a specific description: CT was carried out every three

months for the first year and every six months for the second year®).
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Section 6. CQ6

CQ6 CQ 6: What long-term complications (sequelae) exist after treatment?

Recommendations | In newborns and infants, even sacrococcygeal teratomas can be completely
removed, with long-term complications often occurring such as defecation
disorders, dysuria, lower limb movement disorders, and dysmorphia of
wounds. It is recommended to provide these facts to patients/families before

determining the treatment policy.

Strength of _
) 0 A (strong) 0O B (medium) oC (weak) m D (very weak)
evidence
Strength of m Strongly Recommend "Implementing”
recommendation 0 Weakly Recommend (Suggest) "Implementing”

0 Weakly Recommend (Suggest) "Not Implementing”
o Strongly Recommend (Suggest) "Not Implementing”

o No Recommendation

Creation process of the recommendations

[ Settling of PICO]

For neonatal and infant sacrococcygeal teratomas, even for cases in which tumor resection leads to a cure,
long-term complications may significantly reduce QOL. Therefore, we believe that it is important to
recognize that these long-term complications may occur and take care of them through follow-ups and
family life, giving the CQ "What are the long-term complications (sequelae) after treatment?”” and setting
up PICO as follows.

P: From infants to adults who received treatment for sacrococcygeal teratomas during infancy (under 1
year old)

I: Long-term postoperative complications

C: Not applicable

O1: Dysfunction can be found at an early stage (benefit)

02: QOL decreases (harm)
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[ Literature search and screening]

287 references regarding long-term complications (sequelae) were included in the primary screening. 75
references among these were subject to secondary screening. As a result, because there were no Cochrane
reviews, systematic reviews, randomized controlled trials, nonrandomized controlled trials, interventional
studies, or observational research, and all of were case reports or case series, no references were adopted
for evaluation of the body of evidence. For this reason, a qualitative review was conducted based on 19 case

series and one group meeting report (Health and Labour Sciences Research Grant).

[Results of qualitative review]
From the above references, the five items of (1) defecation disorders, (2) dysuria, (3) movement
disorders of the lower limbs, @ sexual dysfunction, and @ dysmorphic wounds were considered to be

major long-term complications (sequelae).

[@ Defecation disorders (2) Dysuria)

Defecation disorders and dysuria are common long-term complications (sequelae) in many patients after
surgery for sacrococcygeal teratomas. Defecation disorders may exhibit various symptoms such as soiling
and constipation, while uropathy may exhibit urinary retention, hydronephrosis, urinary incontinence,
vesicoureteral reflux (VUR), neurogenic bladder, nocturnal enuresis, urinary tract infections. Nationwide
statistics on sacrococcygeal teratomas prenatally diagnosed in Japan indicated that defecation disorders or
dysuria were observed in 8/72 (11%). According to Shalaby et al., soiling was present in 12/31 cases (39%),
constipation in 6/31 cases (19%), and 58% of patients had no defecation disorders, with no correlation
observed with gender, age at operation, pathological tissues, Altman classification, and the presence or
absence of recurrence . In addition, they reported that urinary tract symptoms were found in 55% of
patients. According to Derikx et al., there was no significant difference in terms of complete or incomplete
resection, tissue type, volume, age, Altman classification, and gender, in both involuntary bowel movements
and dysuria ?.

On the other hand, according to Partridge et al., sequelae of the urinary organs and anorectal was observed
in 19/42 cases (45.2%), with risk factors including obstruction of the urinary tract and intestinal tract upon
prenatal treatment intervention or prenatal imaging diagnosis, tumor recurrence, types other than Altman
type I. Regarding the investigation on procedures, according to Barakat et al., 15 patients with Altman type
I and type II undergoing sacroperineal resection did not have urinary disorders/defecation disorders, while
5/7 patients (71%) with Altman type III and type IV undergoing abdominosacroperineal resection had
dysuria, soiling and constipation®. However, while there are many reports on defecation disorders/dysuria,
according to Cozzi et al., in a comparison of defecation and bladder functions between 13 adult patients
with sacrococcygeal teratomas and a control group including 65 subjects with matching age and genders,
there was no significant difference in defecation disorders/dysuria (SCT group 54% vs control group 38%)
5).

Based on the above reports, after sacrococcygeal teratoma surgery, patients may suffer from defecation

disorders/dysuria, indicating the importance of conducting follow-ups taking these facts into consideration.
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[ 3 Movement disorders of the lower limbs]

Movement disorders of the lower limbs have been reported in various studies: 1 of 20 cases (5.0%) by
Lee et al. 9, 2 of 26 cases (7.7%) by Rintala et al. ”, 2 of 27 cases (7.4%) by Malone et al.”, and 8 of 72
cases were also found in the nationwide statistics on sacrococcygeal teratomas prenatally diagnosed in Japan
D (11.1%). However, there was little description on the extent of the disorders. Malone et al. reported that
two patients who had movement disorders of the lower limbs were able to walk, but both cases suffered
extensions of the Achilles tendon. On the other hand, Zaccara et al. ¥ compared 13 cases after surgery for
sacrococcygeal teratomas with a control group, reporting that there was no difference in walking speed and
stride; however, when walking, the timing from when the toes leave the floor was earlier, with a significant
decrease in the movement to extend the hip joint, a decrease in the movement of the ankle joint, a decrease
in the muscular strength of the knee joint, and an increase in the muscular strength of the ankle joint, but no

differences found in factors such as the extent of these differences and tumor sizes.

[@ Sexual dysfunction]

There are few documents on sexual function. Concerning trouble during sexual intercourse, a study of 27
cases (average age 16.7) reported females who were incapable of sexual intercourse due to pain or males
with impotence'”, while another study including 26 cases (average age 30.5, 6 males, 20 females) reported
one male had impotence (20%) and two females (10%) experienced urinary incontinence during sexual
intercourse 7. Regarding pregnancy/childbirth, in the same document, 10 of 26 patients had children on their
own. According to a report on the Scottish national cohort by Shalaby et al.”, 2 of 9 women over 16 years
of age underwent pregnancy and childbirth, including one case of emergency caesarean section due to

coiling of the umbilical cord and one case of vaginal delivery.

[ (5 Dysmorphic wounds]

According to Derikx et al., 31 of 77 patients (40.3%) thought that surgical wounds were unacceptable,
with a significant difference between patients diagnosed prior to their eighth birthday and those with a large
tumor (OR, 4.73; CL, 1.21-18.47; p = 026), and those diagnosed over the age of one (OR, 0.19; CL, 0.04 -
0.98; p=048) 2.
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Abstract

Background: Sacrococcygeal teratoma (SCT) is the most common extragonadal germ cell tumor in neonates and
infants. Although most cases of infantile SCT are benign tumors by nature, some develop into extremely large
lesions, leading to massive bleeding, high-output heart failure, disseminated intravascular coagulation, and even
fatal outcomes during the neonatal period. In addition, some patients may present with tumor recurrence, malignant
transformation, long-term sequelae (including bladder and bowel dysfunction) and lower leg palsy during the long-
term follow up. SCT, however, is very rare, and there are few opportunities to encounter this disease, therefore gen-
eral physicians without expert credentials currently lack information relevant to clinical practice. For this reason,
the research project committee has compiled guidelines concerning SCT.

Methods: The purpose of these guidelines was to share information concerning the treatment and follow up of
infantile SCT. The guidelines were developed using the methodologies in the Medical Information Network Distri-
bution System. A comprehensive search of the English- and Japanese-language articles in PubMed and Ichu-Shi
Web identified only case reports or case series, and the recommendations were developed through a process of
informal consensus.

Results: The clinical questions addressed the risk factors, the efficacy of cesarean section, the initial devasculariza-
tion of tumor feeding vessels, interventional radiology, recommended clinical studies for follow up and possible
long-term complications.

Conclusions: These are the first guidelines for SCT to be established in Japan, and they may have huge clinical
value and significance in terms of developing therapeutic strategies and follow up, potentially contributing to the
improvement of the prognosis and quality of life of SCT patients.

Key words guideline, long-term prognosis, risk factor, sacrococcygeal teratoma.

Sacrococcygeal teratoma (SCT) is the most common extrago-
nadal germ cell tumor in neonates and infants. This lesion
consists of a solid and/or cystic component and develops
either from the tip of the sacrum, protruding outward from the
buttocks, or within the pelvic cavity. SCT occurs in 1 out of
every 40 000 births, and the male-female ratio is approxi-
mately 1:3, more frequently occurring in girls. Although most
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cases diagnosed at the time of birth are mature/immature ter-
atomas, yolk sac tumors occur more frequently in children
after 1 year of age, reportedly occurring at a rate >75%."

The Altman classification is commonly used for classifica-
tion according to the occurrence site of SCT and includes the
following types: type I, most of the tumor consists of compo-
nents outside the pelvis; type II, although there is development
inside the pelvic cavity, the components outside the pelvis are
larger; type III, although there is development outside the pel-
vis, the components inside the pelvic cavity and abdomen are
larger; type IV, there is no development outside the pelvis,
and the tumor consists only of components inside the pelvic
cavity and abdomen (Fig. 1.2
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Fig. 1 Altman’s classification of infantile sacrococcygeal ter-
atoma (reproduced from Altman et al.”> with permission).

With regard to treatment of SCT, surgical excision is car-
ried out for mature and immature teratomas. In cases of Alt-
man type I, many patients undergo a surgical approach from
the buttocks, while laparostomy is concomitantly used in
patients with large intra-abdominal components. With gigantic
solid masses, the risk of bleeding is high, and ligation of the
median sacral artery first, which is a nutrient blood vessel,
may be useful. With yolk sac tumors, chemotherapy, such as
BEP (Bleomycin + Etoposide + Cisplatin) therapy, may be
carried out first, followed by surgical excision.

Although most cases of infantile SCT are benign tumors
by nature, some develop into extremely large ones, leading
to massive bleeding, high-output heart failure and dissemi-
nated intravascular coagulopathy (DIC); fatal outcome during
the neonatal period can also occur. In addition, even after
successful tumor excision, some patients may present with
tumor recurrence, malignant transformation, bladder and bowel
dysfunction as well as lower-leg palsy during long-term
follow up.

No clear medical guidelines for SCT have yet been estab-
lished because SCT is very rare and there are few opportuni-
ties to encounter this disease, not only for pediatricians and
obstetricians but also for pediatric surgeons. Therefore, there
is insufficient information concerning the risk factors of
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severity, optimal mode of delivery, treatment strategies and
appropriate follow-up assessment, for general physicians with-
out expert credentials.

Our research project committee has compiled a set of
guidelines providing information about SCT to clinicians to
help improve the prognosis and quality of life (QOL) of
patients with this disease. The essence of the newly proposed
Japanese clinical guidelines for SCT is summarized in this
report.

Guideline formulation method

The purpose of these guidelines was to share information on
the disease concept, diagnostic criteria and severity assessment
as well as to assist in making decisions in the prenatal man-
agement, treatment and follow up for patients’ families and
general physicians, including obstetricians, neonatologists,
pediatricians and pediatric surgeons.

Coverage of the clinical practice guidelines was as follows:
(1) SCT in infants and young children; (ii) treatment for
patients who have been definitively diagnosed with this dis-
ease; (iii) the prenatal diagnosis, perinatal care management,
preoperative management, interventional radiology (IVR), sur-
gical therapy and postoperative management; and (iv) compli-
cations, long-term follow up and prognosis.

The guidelines were developed using the methodologies
described in the Medical Information Network Distribution
System [Minds] Handbook for Formulating Clinical Practice
Guidelines 2014° and the Minds Manual for Guideline Devel-
opment.* The panel of experts consisted of obstetricians,
neonatologists, pediatricians, radiologists and pediatric sur-
geons. The members met several times in person to discuss
evidence from a systematic review and draft recommenda-
tions. Panel members and their fields of expertise are listed in
Table 1.

The English-language literature search was conducted using
the MEDLINE database via PubMed (until September 2014).
Japanese-language literature was collected from the Internet
version of the Japana Centra Revuo Medicina (Nippon Igaku
Chuuou Zasshi; until September 2014). A total of 1,388 papers
were collected. First, the titles and abstracts of all papers were
examined, and 354 papers were chosen for further examination
of the full text. Each paper was independently evaluated by
two examiners. Finally, 105 articles were reviewed systemati-
cally by seven members of the systematic review (SR) team.
The guideline development group created the recommenda-
tions and commentary based on the materials submitted by the
SR team.

In the screening, no Cochrane reviews, SR, randomized
controlled trials, non-randomized controlled trials, interven-
tional studies or observational research were identified, and all
of the articles were case reports or case series, with no refer-
ences adopted for the evaluation of the body of evidence. For
this reason, a qualitative review was conducted, and we
reached decisions through a process of informal consensus
involving a group discussion process designed to allow all
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Table 1 Clinical practice guidelines for sacrococcygeal ter-
atoma: Expert development panel

o ptal s

No.

Name

Certification

Affiliation

Guideline development team

1 Tatsuro Board-certified  Department of Pediatric
Tajiri pediatric Surgery, Kyoto
(Chairman) surgeon Prefectural University of

Medicine

2 Noriaki Usui Board-certified  Department of Pediatric
(Vice pediatric Surgery, Osaka Women’s
Chairman) surgeon and Children’s Hospital

3 Masanori Board-certified  Department of Pediatrics,
Tamura neonatologist Saitama Medical Center,

Saitama Medical
University

4 Haruhiko Board-certified ~ Department of Maternal-

Sago obstetrician Fetal and Neonatal
Medicine, National
Center for Child Health
and Development

5 Shigeru Ono Board-certified  Department of Pediatric

pediatric Surgery, Jichi Children’s
surgeon Medical Center Tochigi,
Jichi Medical University

6  Shunsuke Board-certified ~ Division of Radiology,

Nosaka radiologist National Center for Child

Systematic review team

Health and Development

1 Akihiro Board-certified  Department of Pediatric
Yoneda pediatric Surgery, Osaka City
surgeon General Hospital
2 Ryota Board-certified ~ Department of Pediatric
Souzaki pediatric Surgery, Graduate School
surgeon of Medical Sciences,
Kyushu University
3 Shigehisa Board-certified ~ Department of Pediatric
Fumino pediatric Surgery, Kyoto
surgeon Prefectural University of
Medicine
4 Mayumi Board-certified ~ Department of Pediatric
Higashi pediatric Surgery, Kyoto
surgeon Prefectural University of
Medicine
5 Kohei Sakai  Board-certified ~ Department of Pediatric
pediatric Surgery, Kyoto
surgeon Prefectural University of
Medicine
6 Ken Board-certified  Department of Obstetrics
Takahashi obstetrician and Gynecology, Jikei
University School of
Medicine
7  Takahiro Board-certified  Department of Pediatrics,
Sugiura pediatrician Toyohashi Municipal

Hospital

members of the group to voice their opinions and contribute

equally to the decision-making with the goal of providing rec-

ommendations that would be useful for clinical practice.5
Finally, the guidelines consisted of six clinical questions

(CQ) and recommendations for these questions related to the
assessment of the severity, prenatal management, treatment,
follow up and possible long-term complications (Fig. 2). The
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Fig. 2 Flowchart for the management of infantile sacrococcygeal
teratoma (SCT). CQ, clinical question; C/S, cesarean section; VR,
interventional radiology.

guidelines merely offer standards of management and are not
necessarily meant to regulate clinical practice.

Recommendations

CQ1: What are the risk factors related to the vital
prognosis of SCT?

Recommendation: Risk factors related to the vital prognosis of
SCT include tumor size and growth rate, tumor histological
and component type, complications of fetal edema and heart
failure and early delivery. Attention should be paid to the
existence of these risk factors when planning treatment for
SCT.

Risks related to the vital prognosis can be divided into
tumor-related and patient-related factors. The tumor size and
growth rate as well as its histological (mature/immature) and
component type (solid/cystic/mixed) may be risk factors of
tumors related to the vital prognosis.®'® In contrast, as risk
factors in children, heart failure and fetal edema are related to
mortality.'”'® Usui er al. reported mortality rates in patients
with gestational age <28 weeks, 28-31 weeks, 32-36 weeks,
and >37 weeks as 60%, 38%, 11% and 0%, respectively.“



We therefore assume that immature teratoma, solid component
dominant type, fetal edema, heart failure and early delivery
may be risk factors in children related to the vital prognosis.

CQ2: Does cesarean section improve the prognosis of
tumors with extrapelvic lesions?

Recommendation: For tumor lesions outside the pelvis, it is
reasonable to consider cesarean section depending on the size
thereof in order to avoid tumor rupture, tumor hemorrhaging
and delivery difficulty.

While there are no reports comparing cesarean delivery and
vaginal delivery with respect to vital prognosis, several studies
have reported problems with vaginal delivery due to SCT.
These problems include the fact that extrapelvic lesions cause
fetal malposition or hinder the progress of labor, along with
the fact that the tumors may rupture at delivery, leading to
bleeding of the tumor and blood loss in the fetus.'*** In some
reports, however, vaginal delivery was selected in the case of
tumor size <5 cm.'®** The delivery-related factor having the
greatest impact on the prognosis of the fetus is blood loss due
to tumor damage, and cesarean section delivery may poten-
tially reduce such risks.

Regarding comparisons between scheduled cesarean section
and emergency cesarean section, Japanese papers reported that
the proportion of emergency procedures was significantly
higher in cases of postnatal death than in surviving cases
(72.7% vs 29.9%), while that of scheduled procedures was sig-
nificantly lower (18.2% vs 48.1%)."° It may be necessary to
perform appropriate medical intervention before emergency
cesarean section is required.

In summary, when cesarean section is performed at an
appropriate time for extrapelvic tumor lesions, it may reduce
the risk of tumor rupture and bleeding and improve the prog-
nosis, especially in the case of large tumors. The vital progno-
sis, however, is affected by many other factors, making it hard
to conclude that it can be improved by cesarean section alone.

CQa3: In the surgical treatment of SCT, is the initial
devascularization of tumor feeding vessels effective?

Recommendation: For SCT with hypervascularity, the initial
devascularization of feeding vessels originating from the med-
ian sacral artery and the internal iliac artery may be consid-
ered.

There have been many reports indicating that the devascu-
larization of feeding vessels from the median sacral artery or
the internal iliac artery prior to tumor resection was useful for
decreasing intraoperative bleeding. As methods of devascular-
ization, there have been reports of ligation by laparotomy>> %°
as well as that using laparoscopy.‘w_ 3 Despite the pretreat-
ment of feeding blood vessels, however, massive bleeding was
observed during surgery, and pretreatment was not effec-
tive.”®* There have been no reports on complications related
to the intraperitoneal pretreatment of tumor-feeding vessels,
including postoperative ileus, nor have there been any reports
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on the improvement of the vital prognosis or reduction in the
rate of postoperative complications due to pretreatment. With
respect to the amount of bleeding, the number of reports indi-
cating the effectiveness and benefit of pretreatment exceeded
that of reports showing the ineffectiveness thereof, with no
reports indicating any harm caused by pretreatment. Therefore,
we concluded that the pretreatment of feeding vessels from
the median sacral artery or the internal iliac artery may be
effective and should be considered.

CQ4: Is IVR useful as an adjunctive treatment?

Recommendation: Although IVR for SCT facilitates tumor
removal and may reduce the amount of bleeding at the time of
removal, few cases of IVR have been documented, and a
skilled technique is required for the procedure. Therefore, we
recommend that the feasibility of the procedure at each facil-
ity be thoroughly examined before its application.

The four cases of IVR performed in neonates with SCT
were all transcatheter arterial embolization,”’38 including one
case in which radiofrequency ablation (RFA) was carried out
prior to birth,*® and one case in which RFA was performed as
an additional treatment after embolization.” The maximum
diameter of all tumors treated was >10 cm. In two cases, it
was reported that although IVR is effective, proficient skill is
required for the procedure.>>=’

Although there were no reports on the improvement of vital
prognosis, all patients who underwent IVR survived, and the
tumor was able to be easily removed in two cases.’”*® Persis-
tent blood transfusion and hyperkalemia, however, caused dif-
ficulty in intraoperative management, with intraoperative
cardiac arrest in one case.”’ During subsequent tumor resec-
tion, there was little bleeding in three of four cases. The
reduction in the rate of postoperative complications was
unclear, and no reports described complications occurring after
surgery. None of the four reports on IVR described the com-
plications associated therewith.

CQ5: What kinds of clinical studies are recommended for
follow up of recurrence after treatment?

Recommendations: Although the risk of recurrence of malig-
nant teratomas is high, even mature or immature teratomas
may develop malignant recurrence. o-Fetoprotein (AFP) mea-
surement is recommended for the early detection of malignant
recurrence. It is necessary to conduct follow up for 3 years
after the end of treatment.

There were no prospective clinical studies on the recur-
rence of SCT during this study period. According to several
retrospective reports, the recurrence rate was 8.9% in the
Netherlands* and 8.3% in Japan.]3 In the Maligne Keimzell-
tumoren (MAKEI) study, the time to recurrence with malig-
nant transformation of neonatal SCT was 12-26 months.*’
Recurrence risk factors include malignant teratoma and posi-
tivity for resection stumps in malignant cases. Even mature or
immature teratomas with complete resection may recur with
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malignant transformation, underscoring the need to perform
follow up until 3 years of age, given that most cases of recur-
rence occur by the age of 2.13.14.39-42

There have been many reports on the measurement of AFP
at follow up for recurrence, many of which indicate high AFP
at onset. According to Hawkins et al. Pediatric Oncology
Group and Children’s Cancer Study Group (POG/CCSG), AFP
was increased in all six patients (100%) with recurrent malig-
nant SCT (218-32 000 ng/mL),42 and according to Schneider
et al. (MAKEI), AFP was increased in 21 of 22 patients
(95.4%) with recurrent malignant SCT.* In addition, Pauniaho
et al. reported high AFP (2.5-fold the median) in 33% of non-
recurrent patients (6/18), and high AFP in 66% of recurrent
patients (4/6).* This suggests that AFP may be useful for the
follow up of recurrence.

CQ6: What long-term complications might occur after
treatment?

Recommendations: In newborns and infants with SCT, long-
term complications, including impaired bowel function and/
or urinary incontinence, lower leg palsy and cosmetically
unacceptable scarring, often occur, even in the case of
complete removal. It is recommended to mention these
facts to patients/families before deciding on the course of
treatment.

For neonates and infants with SCT, severe long-term com-
plications after curative surgery may significantly reduce
QOL. Therefore, it is important to recognize these long-term
complications and ensure they are taken care of through fol-
low up and adjustment to their home life. Several references
suggest the following five items to be major long-term seque-
lae: (i) impaired bowel function; (ii) urinary incontinence; (iii)
lower leg palsy; (iv) sexual dysfunction; and (v) cosmetically
unacceptable scarring.

Impaired bowel function and urinary incontinence are com-
mon long-term complications after surgery for SCT. The
occurrence of such complications ranges from 19% to 38% for
bowel function, and around 50% for urinary incontinence,
with both occurring in 11-45.2% of cases.***’ Risk factors
include obstruction of the urinary tract and intestinal tract at
prenatal imaging diagnosis, tumor recurrence, types other than
Altman type I and abdominosacroperineal resection for Alt-
man type III and IV.***" Cozzi et al., however, reported that
there was no significant difference between adult patients with
SCT and the control group.48

Impaired movement of the lower leg has been reported in
5.0-11.1% of cases,”>* but there has been little description
of the extent of such impairment. Likewise, there is little doc-
umentation on the sexual function of these patients. Regarding
trouble during sexual intercourse, Draper et al. reported that
some women were incapable of sexual intercourse due to pain,
while some men had impotence,53 and in another study 20%
of men had impotence while 10% of women had urinary
incontinence during sexual intercourse.”” Regarding pregnancy
and delivery, 38.5% of patients were able to give birth without
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requiring intervention.”® According to a report in a Scottish
national cohort, 22.2% of women >16 years of age had gone
through pregnancy and given birth.**

Regarding cosmetically unacceptable scarring, 40.3% of
patients with SCT complained that their surgical wounds were
unacceptable, with a significant difference between patients
diagnosed prior to 8 days from birth and those with large
tumors, according to Derikx et al.®

Based on the aforementioned reports, after surgery for
SCT, patients may have impaired bowel function and/or uri-
nary incontinence, lower leg palsy and cosmetically unaccept-
able scarring, indicating the importance of follow up.
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Abstract

Purpose Airway obstruction caused by lymphatic malformation (LM) in the head and neck may require a tracheostomy.
We present the results of our analysis of a nationwide survey on the indications for tracheostomy in children with head and
neck LM.

Methods We analyzed data in relation to tracheostomy based on a questionnaire about 518 children with head and neck LM
without mediastinal involvement.

Results Tracheostomy was performed for 43 of the 518 children. Most (32/43) of these children were younger than 1 year
of age and the tracheostomy was almost always performed for airway obstruction (40/43). The lesion was in contact with
the airway in 32 (72%) of these children, but in only 58 (12%) of the 473 children who were managed without tracheostomy.
When the maximum circumferential area of contact was compared, only 20 (27%) of 74 patients with maximum contact of
less than a half-circle required tracheostomy, whereas 11 of 13 with maximum contact of more than a half-circle required
tracheostomy (P=0.0001). Six patients without airway contact required tracheostomy because of acute swelling caused by
hemorrhage, infection, or both.

Conclusions Children with head and neck LM required tracheostomy to relieve airway obstruction. Tracheostomy should be
considered if the lesion is in contact with the airway and surrounds more than a half-circle, and when it causes acute swelling.

Keywords Lymphangioma - Lymphatic malformation - Neck - Tracheostomy - Management
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Introduction

Lymphangioma or lymphatic malformation (LM) is a rare
congenital benign disease caused by the hamartomatous
development of the lymphatic vessels. It has been classi-
fied by The International Society for the Study of Vascular
Anomalies (ISSVA) into common (cystic) LM, general-
ized lymphatic anomaly (GLA), LM in Gorham-Stout
disease (GSD) and “others”. LM is further sub-classified
into macrocystic, microcystic, and mixed types [1, 2]. The
disease appears most commonly in the neck and axilla,
sometimes extending into the mediastinum and poten-
tially causing life-threatening symptom(s) from airway
obstruction [3-5]. In the Research Project for Intractable
Diseases, conducted by the Ministry of Health, Labor and
Welfare in Japan, we attempted to draft clinical guidelines
for LMs (common LM, GLA, GSD) affecting the airway
and other anatomical sites in children. To propose appro-
priate management for the LM lesion, which is infrequent
but presents in various clinical conditions, a nationwide
survey to register pediatric cases of LM was carried out
by our project team in 2015.

Airway obstruction caused by head and neck LM
sometimes requires tracheostomy to maintain the airway
integrity and relieve respiratory distress [4, 6]. To secure
an airway in a newborn baby, even ex utero intrapartum
treatment (EXIT) may be considered when a large head
and neck LM is detected prenatally [7-9]. However, child-
hood tracheostomy has been shown to impair speech devel-
opment, even after decannulation [10, 11]. Our project
composed clinical questions regarding the consideration
of tracheostomy for these children. We analyzed the clini-
cal data accumulated by the survey to elucidate the fac-
tors that optimize its consideration for a child with a head
and neck LM. Children with mediastinal involvement that
could affect the airway were also accumulated and their
management, including tracheostomy, was discussed in a
twin article published recently [12].

Methods
Questionnaire

The Research Project for Intractable Diseases conducted
by the Ministry of Health, Labor and Welfare tried to
establish practical guidelines for treating LM affecting
the airway. A nationwide survey to register pediatric
patients with LM was carried out by our project team in
2015. The survey was an extensive web-based question-
naire with 273 items on clinical features, including gender,

age at onset and diagnosis, perinatal history, symptoms,
lesion size and site, radiographic and pathological find-
ings, treatment, complications, clinical course, and out-
come. Regarding the lesion site, when LM was located
at a site affecting the airway, we asked about the exact
anatomical site using figures to define the area (Figs. 1, 2,
3). We also asked about the range and circumference of
contact with the airway at four different levels, from the
upper pharynx to the intrathoracic trachea, based on radio-
logical images (Fig. 4). Regarding treatment, we asked
for extensive details about the tracheostomy indications,
including why a tracheostomy was required, the presence
or absence of airway obstruction when the tracheostomy
was performed, and whether it was temporary with the age
of decannulation.

The questionnaire was sent by e-mail to every institute
with employed members of the Japanese Society of Pediatric
Surgeons. The email requested that respondents access the
webpage through the link: http://www.lymphangioma.net/
index.html, which was designed to register both patient
data and data from the treating surgeon. To avoid reporting

@ scalp area @ frontal area

@ orbit area @ nasal area

® suborbital area ® zygomatic area
@ cheek area parotid area

© lip area @ mental area

@ ®

auricular area retromandibular area

Fig. 1 Definition of anatomical sites in the head

@ Springer


http://www.lymphangioma.net/index.html
http://www.lymphangioma.net/index.html

412

Surgery Today (2019) 49:410-419

Hyoid bone

Midline

retromandibular area

submandibular and submental area (upper anterior triangle)
anterior neck area (lower anterior triangle)

lateral neck area (upper posterior triangle)

lateral neck are (lower posterior triangle)

06666

posterior neck area (nuchal area)

Fig.2 Definition of anatomical sites in the neck

Tongue/Epiglottis/Vocal Cord
Posterior Pharynx
Cervical Trachea

O]
)
®
@

Fig. 3 Definition of anatomical sites in the airway
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Fig.4 Definition of anatomical sites of airway contact

duplicate data, we identified overlapping patients by date of
birth, sex, and an endemic number allocated to each patient.

Data analysis and ethical considerations

Statistical analysis was performed with Excel software
ystat2002 (Saitama, Japan). Descriptive statistical methods
(median and standard deviation) and the Yates chi-square
test for two and multi-group comparisons were used for
statistical analyses. A value of P <0.05 was considered
significant.

The survey involving human participants was conducted
in compliance with the ethical standards of the institutional
and/or national research guidelines, following the 1964 Dec-
laration of Helsinki and its later amendments or comparable
ethical standards. The Institutional Review Board of Keio
University School of Medicine (20,120,437) and the ethics
committee of the Japanese Society of Pediatric Surgeons
approved this survey on October 10, 2015. Formal consent
is not required for this type of study.

Results
Patients and general characteristics (Figs. 5, 6)

The web-based questionnaire accumulated data on 1718
children with LM, and 606 children with lesions capable of
impacting the airway were registered. Among these, 518,
with head and neck LM without mediastinal involvement
were extracted and the clinical features of each case were
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Fig.5 Gender and age of children at the time of the survey
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analyzed for 273 items. Eighty-seven patients with medias-
tinal involvement were registered, but their clinical features
and management, including tracheostomy, were discussed
and reported in the twin paper published previously [12].
The male-to-female ratio of children with head and neck
LM was 273:245 and the number of patients in each age
group, at the time of survey and at the time of diagnosis is
shown in Figs. 5 and 6. The lesion was found prenatally in
112 patients (22%) and within the neonatal period in 146
(28%), accounting for 50% of the registered cases, without
a significant gender difference (Figs. 5, 6).

Characteristics of head and neck LM (Figs. 7, 8, 9)

The head and neck LMs were located superficially in 482 of
the 518 (93%) patients, but some were present in deep sites.
The lesion was located either in the oral cavity, pharynx, or
larynx in 99 patients (Fig. 7). Many lesions were apparent,

500

450 */ female
/ mmale
400 -
/‘ 227
350
300 /
250 /
200
150 -
100 -
47
50 9 6
0 : {12 8
Superficial head Deep head Supraclavicular ~ Chest wall or
and/or neck and/or neck fossa axilla

Fig.7 Sites of the lesion and gender

No mention, 27

Prominent, 47

Not noticeable,
188

Easily
noticeable, 94

Barely
noticeable, 162

Fig. 8 Disfigurement by the lesion

but 97 and 47, respectively, were registered as “easily notice-
able” or “prominent”, accounting for only 27%. The response
was “not apparent” or “barely noticeable” for 188 and 162
patients, respectively (Fig. 8) Most lesions were diagnosed
as macrocystic LM (cystic lymphangioma) (374/518; 72%),
followed by mixed subtype LM (96/518; 19%), and micro-
cystic LM (cavernous lymphangioma) (28/518; 5%). There
were only three cases of GLA (Fig. 9).

Airway obstruction (Table 1)

Symptoms of airway obstruction were identified during the
clinical course in 73 (14%) of the 518 patients. The survey
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Fig.9 Classification of the lesion

Table 1 Airway obstruction symptoms during the clinical course

Airway obstruction (+)  Complete obstruction at survey 4 (4%)
Always stenotic at survey 11 (10%)
Frequently stenotic at survey 6 (2%)
Possible at survey 13 (7%)
No obstruction at survey 39 (17%)
73 (40%)

Airway obstruction (—) 443 (3%)

Unknown 2

Total 518 (43%)

*No. of patients who had tracheotomy done during the clinical course

reported vague obstruction symptoms in 34 (6.5%) of the
73 patients, including the answer “possible” in 13. The
responses included “completely obstructed” for 4 patients,
“always stenotic” for 11, and “frequently stenotic” for 6
(Table 1). Thus, 39 patients who had suffered symptoms
were reported as having no symptoms at the time of the
survey.

Tracheostomy
Age at tracheostomy and decannulation (Figs. 10, 11)

A tracheostomy was performed for 43 (8.3%) of the 518
patients when most (32/43; 74%) were younger than 1 year
of age and it was temporary in 17 (40%) (Fig. 10). Decan-
nulation usually took place between 1 and 15 years of age
(13/17; 65%) (Fig. 11). When the tracheostomy was per-
formed in patients younger than 1 year of age, decannulation
was less likely than when it was performed in older children
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Fig. 11 Age at decannulation

Table 2 Airway obstruction and tracheostomy

Airway Airway Unknown  Total

obstruction  obstruction

(+) =)
Tracheostomy (+) 40 (93%)* 3 0 43
Tracheostomy (=) 33 (7%)* 440 0 473
Not mentioned 0 0 2 2
Total 73 443 2 518

*Significant difference (P=3.41E-54)

(11/32; 34%) vs. 5/9; 56%), although the difference was not
significant (P =0.44) (Fig. 10).

Airway obstruction and tracheostomy (Table 2)
Forty (93%) of the 43 patients required a tracheostomy

to relieve airway obstruction, while only 3 underwent a
tracheostomy without any obstruction symptoms, which is
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Table 3 Direct indications for tracheostomy and decannulation

Reason for tracheostomy Decannula- Decannula- Total
tion (—) tion (+)
Airway obstruction after birth 17 6 23
Acute swelling 6 7 13
Infection/hemorrhage 2 5 7
Sclerotherapy 3 2 5
Surgery 1 0 1
Prevention from compromise 1 2 3
Others 2 2 4
Total 26 17 43

significant (P =3.41E-54). Notably, 33 of 73 patients who
had experienced airway obstruction were managed without
tracheostomy (Table 2).

Causes and decannulation (Fig. 12; Table 3)

Direct indications for tracheostomy included airway obstruc-
tion symptoms in 23 patients, acute swelling from infection
and/or hemorrhage in 7, sclerotherapy in 5 and surgery in
1. In three patients, tracheostomy was performed to prevent
respiratory compromise before therapy (Fig. 12). In 17
patients whose tracheostomy was closed, airway obstruction

after birth was the reason for tracheostomy in 6, acute swell-
ing in 7, and as a preventive strategy in 2. There may be
some differences between the reasons for temporary and
non-temporary tracheostomy, but those were not significant
(Table 3).

Tracheostomy and airway contact of the lesion

The questionnaire asked whether the lesion was in contact
with the airway at six anatomical levels based on radio-
logical images: the upper pharynx, middle pharynx (above
the epiglottis), larynx above the vocal cord, larynx below
the vocal cord, cervical trachea and intrathoracic trachea
(Fig. 4). It also asked about the degree to which the lesion
circumscribed the area of airway it was in contact with: less
than a quarter, a quarter to half, half to three-quarters, three-
quarters to total, and totally circumferential.

Significance of airway contact (Table 4)

The lesion was in contact with the airway in 32 (74%) of
the 43 patients who required tracheostomy, but in only 58
(12%) of the 473 who were treated without tracheostomy.
This demonstrates that patients with a lesion in contact with
the airway are significantly more likely to need tracheos-
tomy. However, the lesions in six patients who required a
tracheostomy were described as “not having airway contact”.
The reasons for tracheostomy in these patients were airway
obstruction in four, (after birth in two and acute swelling
caused by infection in two), as a preventative measure before
treatment in one, and for long-term care in one (Table 4).

Anatomical site(s) of contact (Fig. 13)

There were 90 patients with a lesion in contact with the air-
way. The six anatomical levels of contact mentioned above
are also summarized in terms of tracheostomy requirement
in Fig. 13. The major contact areas were the middle pharynx
and larynx above the vocal cord. No specific contact area
was significantly associated with the necessity of trache-
ostomy, although 40% of patients with a lesion in contact
with the middle pharynx and larynx underwent tracheostomy
(Fig. 13). When comparing the longitudinal extent of the

Table 4 Tracheostomy and

: Airway contact (+) Airway contact (—) Airway contact Total
airway contact unknown
Tracheostomy (+) 32 (74%)* 6(14%) 5 43
Tracheostomy (—) 58 (12%)* 398(84%) 17 473
Not mentioned 0 0 2 2
Total 90 404 24 518

*Significant difference (P=5.37E-28)
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Fig. 13 Tracheostomy and

airway contact Upper pharynx (D*) (n=29) 22
NN
Middle pharynx (above the epiglottis) (1)*) (n=46) 23
]
Larynx (above the vocal cord) (2)*) (n=43) 24
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Larynx (below the vocal cord) (2)*) (n=27) 16
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Cervical trachea (3)*) (n=24) 18
NN
Intrathoracic trachea ((#)*) (n=4)
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Fig. 15 1,2 Airway obstruction and range of airway contact

airway contact of the lesion based on the need for tracheos-
tomy, the longer the anatomical level involved, the higher
the rate of tracheostomy requirement, although not to a sig-
nificant degree (data not shown).

Circumferential area of contact (Figs. 14, 15)

On the other hand, when the circumferential area of contact
of the lesion at each anatomical level was compared, a tra-
cheostomy was required significantly more often if the lesion
contacted the airway more circumferentially (P =0.0001).
In fact, 11 of 13 patients with an LM lesion surrounding
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Fig. 17 Tracheostomy and disfigurement

more than half of a certain area of the airway underwent
tracheostomy (Fig. 14-1, -2) (Table 5). Significantly more
patients with a lesion in contact with the airway circumfer-
entially suffered airway obstruction (P =0.012) (Fig. 15-1,
-2) (Table 6).

Tracheostomy and other factors (Figs. 16, 17)

We also evaluated the association of tracheostomy with
pathological classification as well as with disfigurement.
Tracheostomy was associated significantly more with the
pathology of non-cystic LM than cystic LM (Fig. 16). LM
with more disfigurement was also significantly associated
with tracheostomy (Fig. 17).

Discussion

The prevalence of LM is reportedly 1-3 per 10,000 live
births. It is most commonly found in the head and neck
and sometimes extends to the mediastinum [1]. In the most

recent large series of patients with LM from Norway, the
head and neck was the most common site of presentation
[13]. Our nationwide survey in Japan allowed us to accu-
mulate 606 pediatric cases of head and neck LM, with or
without mediastinal involvement. The 87 cases of LM with
mediastinal involvement are discussed in another paper [12].
In the present study, we analyzed 518 pediatric patients with
head and neck lesions, but without mediastinal LM, account-
ing for 30.2% (518/1718) of all LM cases registered in our
survey, supporting the fact that head and neck is the most
common site.

Superficial head and neck LM can be diagnosed in utero
or soon after birth. Surveyed data showed that 258 of the 518
(50%) cases in Japan were diagnosed within the neonatal
period, including 112 cases detected in utero (Fig. 6). Since
the lesion is congenital, it should be apparent at birth, but the
survey suggested that LM may be noticed later in life. Since
the lesion was described as “not apparent” or “barely notice-
able” in 350 (68%) of the 518 patients surveyed (Fig. 8), LM
may grow during early life, or caregivers may notice a subtle
change. In a recent series of 40 patients with cervicofacial
LM reported by Cho et al. from Korea, 73% presented with
symptoms before the age of 2 years [14].

Head and neck LM can be large enough to occupy the
thoracic outlet and compress the airway and it may be sus-
ceptible to infection, which can cause a variety of respiratory
symptoms triggered by airway obstruction. When a patient
with LM suffers severe obstruction, airway management
is crucial to relieve the symptom. Teresa et al. reviewed
141 patients with LM of the upper aerodigestive tract and
reported that a high percentage had LM involvement of the
oral cavity and oropharynx, but that there was no involve-
ment of the glottis, subglottis, or trachea. They concluded
that airway involvement of head and neck LM may occur at
multiple sites above the glottis [5]. Berg et al. reviewed 16
patients with laryngeal LM and classified them by a 4-part
staging system. They reported that patients with more
advanced stage disease required a tracheostomy [15].

Pediatric patients with upper airway obstructions rep-
resented by subglottic stenosis and vocal cord palsy may
require a tracheostomy, as may those with long-standing
compromising respiratory symptoms. Cystic hygroma, or
head and neck LM, are uncommon and require tracheostomy
[4, 6]. However, the airway management of early infants
with head and neck LM is critical for sustaining life, espe-
cially when the LM is diagnosed prenatally [16]. Ex Utero
Intrapartum Therapy (EXIT) has been introduced for prena-
tally diagnosed LM that may cause airway obstruction soon
after birth, and LM is an indication for EXIT [17-19]. Main-
taining the airway during EXIT includes manual bagging
and/or endotracheal intubation and a tracheostomy is the
final option [18]. However, tracheostomy results in speech-
less life and undermines quality of life. It has been reported
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that tracheostomy has wide-ranging effects on quality of life,
including the speech and language development of both the
patient and their caregivers [20]. Crucial factors are the age
at tracheostomy and the time until decannulation. Achieving
the earliest possible decannulation could improve the chance
of normal speech and language development [10, 11].

Although head and neck LM can be life threatening by
compromising the airway, considering that the lesion is gen-
erally benign and is sustained later in life, avoiding unnec-
essary tracheostomy and encouraging the psycho-social
development of the patient by speech should be mandatory.
For that purpose, there should be some valid indicator(s) for
tracheostomy for the LM, but no such index has been pub-
lished. Thus, the clinical features of patients with or without
tracheostomy according to the survey were analyzed to elu-
cidate the conditions that require tracheostomy.

Our survey revealed that most cases of head and neck
LM did not require tracheostomy (43/518; 8.3%) (Table 2).
Moreover, most tracheostomies were performed in patients
younger than 1 year of age (32/43; 74%) because of airway
obstruction, but it was closed in 40% of them (17/43), usu-
ally when the patient was over 1 year of age (15/17) (Table 3;
Figs. 10, 11). Airway obstruction after birth was the leading
indication for tracheostomy, which was often permanent for
patients with symptoms (Fig. 12). Since it is indispensable
to establish the indication for tracheostomy early in life to
secure the airway, accumulated data were analyzed to eluci-
date the conditions associated with tracheostomy.

The questionnaire did not contain any word suggesting
“near miss syndrome” or when airway obstruction devel-
oped, except soon after birth. However, answers about air-
way obstruction should reflect the episode of the syndrome.
Almost all patients who required a tracheostomy had suf-
fered airway obstruction but 33 of 73 patients who had expe-
rienced airway obstruction during their clinical course were
managed without tracheostomy (Table 2).

Evaluation of the age distribution of tracheostomy and
decannulation revealed that obstructive episodes were most
likely to occur within a year of birth, with subsequent decan-
nulation for selected patients (Figs. 10, 11). The reasons for
temporary and non-temporary tracheostomy differ some-
what, although not significantly. Shrinkage of cystic LM
after treatment allowed for decannulation in 7 of 13 patients
who underwent tracheostomy for acute swelling caused
by infection/hemorrhage or were treated by sclerotherapy

(Table 3). These data suggest that airway obstruction symp-
toms do not necessarily require tracheostomy if they are
temporary or not severe. Ultimately, while every effort is
made to avoid unnecessary tracheostomy, which can have
negative influence on development, a tracheostomy must be
performed in time before airway obstruction causes brain
damage. The best timing to perform tracheostomy was not
defined by this retrospective survey, but analyzing it would
provide clues as to when to consider tracheostomy.

The lesion was in contact with the airway to some degree
in 84% (32/43) of the patients with tracheostomy, but in
only 12% (58/473) of those without tracheostomy (Table 4).
Furthermore, the more the lesion surrounds the airway,
the greater the chance that a tracheostomy will be needed,
especially when more than half of an area is circumscribed
(Table 5). Non-cystic LM and severe disfigurement by
the lesion are significantly associated with tracheostomy.
Moreover, airway contact, pathology, and disfigurement are
all thought to be closely related to each other. The analy-
sis in this paper is mono-variant and a multi-variant analy-
sis should be considered to clarify whether each factor is
independent.

To predict the need for tracheostomy for head and neck
LM, it may be useful to monitor its contact with the airway
radiologically using ultrasonography and/or magnetic reso-
nant imaging (MRI). When the lesion is in contact circum-
ferentially, even if there are no airway obstruction symptoms
yet, the need for tracheostomy to prevent respiratory distress
can be predicted before therapeutic intervention. If this was
detected prenatally, it could suggest the need for EXIT to
secure the airway and prevent compromised respiration after

Table 6 Airway obstruction and range of airway contact

Table 5 Tracheostomy and
range of airway contact

Maximum contact ~ Airway Airway Airway Total
area obstruction obstruction obstruction
+) (=) unknown
No contact 14 390 0 404
Contact 40 (54%)* 34 (46%)* O 74
area<=1/2
Contact area>1/2 12 (92%)* 1 (8%)* 0 13
Contact area 7 18 2 27
unknown
Total 73 443 2 518
*Significant difference (P=0.012)
Maximum circumferential area Tracheostomy (+) Tracheostomy (—) Total
Contact area<=1/2 20 27%)* 54 (93%)* 74
1/2 < contact area 11 (85%)* 2 (B3%)* 13
Total 32 58 90

*Significant difference (P =0.0001)
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birth. On the other hand, if there is minimal contact with the
airway, we should avoid tracheostomy, which can impact
development negatively. Even if the EXIT is considered, it
would be more appropriate to try to secure the airway with
a tracheal tube first. Further study is needed to clarify this.

Conclusions

Analysis of nationwide survey data on head and neck LM
without mediastinal involvement in Japan confirmed that
LM, which is congenital, can cause life-threatening air-
way obstruction symptoms in infancy. Tracheostomy was
required when the lesion caused airway obstruction. To elu-
cidate the conditions that would result in LM compromis-
ing the airway and necessitating tracheostomy, accumulated
clinical features were analyzed. Tracheostomy should be
considered when the lesion is in contact with the airway and
surrounds more than a semicircle; however, if contact with
the airway is minimal, we should avoid performing trache-
ostomy, which impacts negatively on development. Even if
the EXIT is considered, it would be more appropriate to try
to secure the airway with a tracheal tube first. Further study
is indispensable to elucidate the indications.
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Abstract

Purpose Clinical guidelines on lymphatic malformation (LM) influencing the airway have been crafted in the Research
Project for Intractable Diseases. We herein report an analysis of a nationwide survey of mediastinal LM and the therapeutic
recommendations.

Methods Eighty-seven registered cases with mediastinal involvement were analyzed with a review of the literature.
Results Mediastinal LM was located more often in the upper and anterior mediastinum and was found without any accom-
panying symptoms in 56/87 cases. Tracheostomy was required in 23/87 cases, mostly <2 years of age (87%). All patients
who needed tracheostomy had a lesion in contact with the airway, while only 55% of those without tracheostomy had contact.
Tracheostomy tended to be placed more when the longer segment of the airway was in contact with the LM. Multimodal
treatments were performed in 29 patients, but the lesions remained in most cases, and chylothorax, hemorrhaging, nerve
palsy, and infections were noted as complications.

Conclusions In patients with mediastinal LM, tracheostomy may be necessary, especially when the lesion is extensive and
contacts the airway. Extirpation of the mediastinal LM may be the only therapeutic option, but in cases with few or no symp-
toms, non-surgical treatment should be considered in light of potential postoperative complications.

Keywords Lymphatic malformation - Mediastinum - Child - Tracheostomy

Introduction classification proposed by The International Society for the

Study of Vascular Anomalies (ISSVA), categorized LM
Lymphatic malformation (LM) is a rare congenital benign  into common (cystic) LM, generalized lymphatic anomaly
disease caused by hamartomatous development of the (GLA), LM in Gorham-Stout disease (GSD), and others.
lymphatic vessels with unknown cause [1]. The latest LM is further sub-classified into macrocystic, microcystic,
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and mixed type [2]. The disease appears most commonly in
the neck and axilla, and about 10% of cases extend into the
mediastinum, potentially causing life-threatening symptoms
due to airway obstruction [3-5]. In the Research Project for
Intractable Diseases conducted by the Ministry of Health,
Labor and Welfare in Japan, we have attempted to draft clini-
cal guidelines about LMs (common LM, GLA, and GSD)
influencing the airway in children after establishing clini-
cal questions (CQs) regarding mediastinal LM. Mediastinal
lesions are most likely to be extended from the neck, but
LM confined to the mediastinum can be found incidentally
or with few symptoms. Airway obstruction caused by the
lesion sometimes requires tracheostomy to relieve respira-
tory distress, whereas lesions with no or few symptoms can
be managed by a more conservative strategy. Since LM con-
fined to the mediastinum is a relatively rare condition and
may be asymptomatic in some cases, it is difficult to propose
appropriate practical guidelines for such lesions.

Thus, a nationwide survey to register pediatric cases with
LM was carried out by the Project team in 2015 to eluci-
date the optimum treatment approach and to recommend
practical guidelines. We also searched for reported pediatric
cases with LM confined to the mediastinum and suggested
appropriate therapeutic recommendations for mediastinal
LM with or without head and neck lesions based on the
clinical features accumulated using the nationwide survey
and the literature.

Methods
Questionnaire

In the Research Project for Intractable Diseases conducted
by the Ministry of Health, Labor and Welfare, we tried to
establish practical guidelines for treating LM influencing
the airway. A nationwide survey to register pediatric cases

Fig. 1 Definition of the ana-

tomical site of the mediastinum
Manubriem of stermum

with LM was carried out by the Project team in 2015. The
survey was an extensive web-based questionnaire with 273
items on clinical features, such as the gender, age at the
onset and diagnosis, perinatal history, symptoms, lesion size
and site, radiographic and pathological findings, treatment,
complications, clinical course, and outcome. Regarding the
lesion site, when LM is present within the thoracic cavity,
we asked about the exact anatomical site using a figure to
define the area (Fig. 1). We also asked about the range and
circumference of contact with the airway from the upper
pharynx to the intrathoracic trachea, based on radiologi-
cal images (Fig. 2). Regarding the treatment, we asked for
extensive details of tracheostomy indications, including
why a tracheotomy was required, the presence or absence
of airway obstruction when the tracheostomy was placed,
and whether or not it was temporary. Treatment modalities
inquired about included surgery, sclerotherapy, and others,
and the outcomes asked about included the mortality and
any morbidities.

The questionnaire was advertised by e-mail to every insti-
tute employing members of the Japanese Society of Pedi-
atric Surgeons and requested that respondents access the
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webpage http://www.lymphangioma.net/index.html, which
was designed to register both patient data and the responsible
surgeon. To avoid reporting duplicate data, we identified over-
lapping patients by date of birth, sex, and an endemic number
given to each patient.

Data collection and literature search

Collected data on patients with LM with mediastinal involve-
ment were used to answer following clinical questions: CQ1—
when is tracheostomy indicated? CQ2—what is the most
appropriate therapy for incidentally found mediastinal LM,
considering the post-therapeutic complications and outcome?

To answer these CQs, we sorted surveyed data for medias-
tinal LM with or without other site lesions and analyzed the
data. We also searched for Japanese case reports using the
“Igaku Chuo Zasshi” (Japan Medical Abstracts Society) search
engine with the keywords “mediastinum”, “lymphangioma”,
and “lymphatic malformation”. PubMed and Scopus were also
searched for pediatric cases (< 15 years of age) with the same
features. Cases with lymphangiomatosis, namely, GLA or LM
in GSD, were excluded, and the patients with only mediastinal
LM involvement were extracted from the literature search. We
collected the patient profiles, including the age, symptoms,
lesion site, treatment modality, and outcomes, including post-
therapeutic complications, from the extracted articles to make
a database. Based on the survey data and literature search, we
attempted to answer the above CQs.

Data analyses and ethical considerations

Statistical analyses were performed with the Excel software
program ystat2002 (Saitama, Japan). Descriptive statistical
methods (median and standard deviation) and a chi-squared
test or Fisher’s exact test for two-group comparisons were used
for the statistical analyses. A value of P <0.05 was considered
statistically significant.

The survey involving human participants was in compliance
with the ethical standards of the institutional and/or national
research guidelines and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards. The
Institutional Review Board of Keio University School of Medi-
cine (20120437) and ethics committee of the Japanese Society
of Pediatric Surgeons approved this survey on October 10,
2015, and formal consent is not required for this type of study.
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Table 1 Gender and age at the diagnosis

Age Male Female Total
Prenatal 20 16 36
<1 month 10 7 17
1-12 months 2 4 6
1-5 years 8 7 15
6-15 years 2 2 4
> 16 years 0 1 1
Unknown 1 7 8
Total 43 44 87
Table 2 Site of mediastinal ]
lymphatic malformations Superior 67
Anterior 30
Middle 15
Posterior 7
Bilateral lungs 2
Heart 1
Rt paravertebral 1

Results
Questionnaire results
Age at the diagnosis

The web-based questionnaire accumulated data on 1718
cases with LM, and a total of 606 cases with lesions capa-
ble of influencing the airway were registered by the ques-
tionnaire. Among them, 87 cases with mediastinal LM were
extracted, and the clinical features of each case were ana-
lyzed for 273 items. The male-to-female ratio was 43:44, and
the numbers of patients in each age group at the diagnosis
are shown in Table 1. Mediastinal LM was most frequently
found prenatally in registered cases (36/87; 41%). The medi-
astinum was the only site of LM in 20 patients, while 67
patients LMs at sites other than the mediastinum (data not
shown).

Characteristics of the mediastinal LMs

Mediastinal LM was found most frequently in the upper
mediastinum (67/87; 77%), followed by the anterior (30/87;
34%), middle (15/87; 17%), posterior (7/87; 8%), and other
areas (Table 2). The lesion type was considered to be cystic
in 56/87 cases (64%), cavernous in 7/87 (8%), mixed in
16/87 (18%), and unknown in 8. Under ISSVA classification,
51 were diagnosed as common (cystic) LM, 27 as mixed
subtype, 8 as GLA, and 1 as GSD (Table 3).
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Table 3 Classification of mediastinal lymphatic malformations

Pathological classification

Cystic 56
Cavernous 7
Mixed 16
Unknown 8
ISSVA classification

Common (Cystic) LM 51
Mixed subtype LM 27
GLA 8
GSD

LM lymphatic malformation, GLA generalized lymphatic anomaly,
GSD Gorham-Stout disease

Table 4 Symptoms of mediastinal lymphatic malformations

None 56
Abnormal X-ray findings 31
Abnormal findings other than X-ray 25

Yes 31 (14)
Respiratory distress 15 (7)
Stridor 9(3)
Dysphagia 312
Fluid 4 (3)
Edema/hydrops 2(D)
Cough/sputum 2(D)
Fever 2(1)
Pain/compression 2(0)
Others 42

(): Number of prenatally diagnosed cases

Symptoms and tracheostomy

The lesion was found without any accompanying symptoms
in 56 cases (64%), while in 31 cases, the lesion was found
based on symptoms such as respiratory distress (15), stri-
dor (9), pleural fluid (4), dysphagia (3), edema/hydrops (2),
cough/sputum (2), a fever (2), pain/compression (2), and
other symptoms (4) (Table 4). Eleven patients were consid-
ered to have had symptoms due to airway obstruction.

A tracheostomy had been placed in 23 cases (20%) when
most (20/23; 87%) were <2 years of age (Table 5). Nine-
teen patients required a tracheostomy after they had suffered
from airway obstruction (83%), while 4 had had no obstruc-
tive symptoms. The reasons for tracheostomy placement in
cases without any prior obstructive symptoms included acute
swelling due to hemorrhaging and the prevention of respira-
tory compromise before therapy (Table 6). Eleven patients

Table 5 Age at tracheostomy

Tracheostomy placed 23
Day of birth 2
<1 year 11
1-2 years 7

5 years
7 years 1
Unknown 1
No tracheostomy 62
Not mentioned 2

Table 6 Causes of tracheostomy

Airway obstruction before tracheostomy 19
No obstruction before tracheostomy 4
Acute swelling due to bleeding 1
Prevention from compromise 2
Unknown 1

who had had a tracheostomy placed had it closed once they
were older (at 2—11 years of age; data not shown).

Tracheostomy and the extent of the lesions

The questionnaire asked whether or not the lesion con-
tacted the airway at seven anatomical levels based upon
radiological images: the upper pharynx, middle pharynx
(above the epiglottis), larynx above the vocal cord, larynx
below the vocal cord, cervical trachea, and intrathoracic
trachea (Fig. 2). It also included questions regarding the
degree to which the lesion circumscribed the airway at
each anatomical level it contacted: less than a quarter, a
quarter to half, half to three quarters, three quarters to
total, and totally circumferential.

The lesion contacted the airway in all patients (except
for 3 without imaging studies) who required a trache-
ostomy, while contact was made in only about half of
those who did not require a tracheostomy (34/64; 55%)
(Table 7). On comparing the extent of airway contact of
the lesion based on the presence of a tracheostomy, the
longer the anatomical level involved, the higher the rate of
tracheostomy requirement, although not to a statistically
significant degree (Fig. 3).

Treatment for mediastinal LM

In 29 cases, treatment for mediastinal LM was attempted by
39 procedures in total. The treatment modalities included
total or partial excision, sclerotherapy, drainage, aspiration,
and others. Those adopted in each age group are summarized
in Table 8. Sclerotherapy was the most frequent procedure
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Table 7 Tracheostomy and airway contact

Tracheostomy Airway contact (+) Airway
contact
=)

Required (n=20) 20 0

Not required (n=64) 34 30

(P <0.05; significant difference)

No of Cases

20

18
16 M Tracheostomy +

14 Tracheostomy-
12

oON D O ®
’

R n m
1 2 3 4 5 6
length of contact

Fig. 3 Tracheostomy and length of contact

adopted. Excisions were attempted in ten cases—via ster-
notomy in six, lateral thoracotomy in three, and endoscopy
in one.

Among 56 cases found without any symptoms, 16 had
been treated by the time of survey. When they were treated,
12 were described as asymptomatic at the time. For these
12 cases, 15 procedures were attempted, and the approaches
adopted in each age group are summarized in Table 9.

Treatment outcomes and complications

After treatment, symptom relief was said to be obtained
in 22/29 cases, unchanged in 5, and even exacerbated (or
new symptoms appeared) in 2 cases (1 each with GLA and
cystic LM). There were no residual lesions in 6/29 cases,
but in 21 cases, the lesions remained despite therapy and
even grew in 1 case with mixed type LM. Complete resec-
tion was achieved in only 1 out of 10 attempted excisions
(Table 10).

The complications after treatment were described in 8
of the 29 treated cases and included chylothorax, hemor-
rhaging, nerve palsy (phrenic nerve, recurrent nerve and
facial nerve), and infections. Among the 12 asymptomatic

Table 8 Treatment for mediastinal lymphatic malformation: age and modality

Age Total excision Partial excision Sclerotherapy Drainage Aspiration Others Unknown Number
of cases

Prenatal 0 0 0 0 0 0 1 1

<1 month 0 0 3 1 4 0 0 5

<1 year 1(sl) 2 (sl,tl) 4 2 1 1 (pleural adhesion) 0 8

1-5 years 2 (s1,tl) 2 (tl,el) 4 3 0 1 (proplanolol) 0 10

Adult 0 0 0 1 0 1 (proplanolol) 0 2

NS 1(s1) 2 (s1,tl) 1 0 1 0 0 3

Number of procedures 4 (s3,t1) 6 (s2,t3,el) 12 7 6 3 1 29 cases
39 proce-

dures

s via sternotomy, ¢ via thoracotomy, e by endoscopy, NS not specified

Table 9 Treatment for asymptomatic mediastinal lymphatic malformation: age and modality

Age Total excision Partial excision Sclero- Drainage Aspiration Others Number

therapy of cases

<1 month 0 0 1 0 2 0 2

<1 year 0 0 1 0 0 0 1

1-5 years 2 (s2) 2 (sl,el) 2 1 0 0 6

Adult 0 0 0 0 0 1 (proplanolol) 1

NS 0 1(tl) 1 0 1 0 2

Number of procedures 2 (s2) 3 (sl,tl,el) 5 1 3 1 12 cases
15 proce-

dures

s via sternotomy, ¢ via thoracotomy, e by endoscopy, NS not specified

@ Springer



Surgery Today (2018) 48:716-725 721
Table 10 Treatment outcomes Table 12 Long-term sequelae (as effects on the everyday life)
Symptoms Effect on the Treatment (+) Treatment (—) Total
everyday life - -
Symptoms Relieved 22 (8) Complica-  Complica-
Unchanged 503) tion (+) tion (-)
Exacerbated or new symptoms 2(D) None 42 16 46 66
Residual disease Mild 2b 1 2
Moderate 2°¢ 1 6
None 6@ Severe 1¢ 2 2
Yes 21 (9
© @ ot 9 20 56 85
Exacerbated 1
Unknown 1(1) #Chylothorax, infection
. 5Chylothorax, hemorrhaging
(): Number of asymptomatic cases
“Nerve palsy
4Hemorrhaging
Table 11 Post-therapeutic complications
Chylothorax 2 Table 13 Cases with lymphatic malformation confined to the medi-
Hemorrhaging 2(1) astinum
Phrenic nerve palsy 1 Age at the diagnosis
Recurrent nerve + Facial nerve palsy 1(1) Age Number
Infections (mediastinitis, SSI) 2 of cases
(): Number of asymptomatic cases Prenatal 7 (6)
<1 month 2(1)
1-12 months 1(0)
cases treated, 2 were complicated with hemorrhaging and  |_5 years 6 (4)
nerve palsy (Table 11). There were no deaths related to  ¢_j5 years 202)
therapy, although one patient died of GLA despite multi-  {jn0wn 2(1)
modal treatments. Treatment

Long-term effects

The questionnaire asked about the degree to which the
patient’s everyday life (at the time of the survey) was affected
due to the lesion. Most of them (66/85; 76%), including 20
cases who had undergone treatment for mediastinal lesions,
reported no inconvenience in their daily life. However, 9 out
of 29 cases treated were said to have had their lives some-
what affected, including 3 who found their lives severely
impaired. Of the 8 cases with complications after treatment,
2 with nerve palsy after excision reported having their lives
impaired moderately (Table 12).

LMs confined to the mediastinum

Twenty registered patients with LM confined to the medi-
astinum were analyzed (Table 13). Seven cases were prena-
tally diagnosed, and 14 were asymptomatic when the lesion
was found. Excision was attempted in two cases, but more
conservative therapeutic modalities were selected for the
other six cases. The LM lesion remained after treatment in
five out of the eight cases treated (data not shown).

Total excision (via sternotomy)
Partial excision (endoscopic)
Sclerotherapy

Drainage

Aspiration

—_ N W W = =

Pleural adhesion

(): Number of asymptomatic cases

Literature search for LMs confined to mediastinum

As a result of the search, the first reported case was found in
a German paper by Schmincke in 1920 [6], and 100 pediatric
cases were ultimately collected. Many had been previously
reviewed by Moore et al., Takamatsu et al., and Niho et al.
[7-9].

The distribution of the age at the diagnosis and the symp-
toms are shown in Table 14. Thirty cases were diagnosed
when they were < 12 months. The anterior and superior
mediastinum were the most frequently occupied regions
(77/100) (data not shown), and respiratory distress was
the most frequent symptom at the onset, being noted in 32
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Table 14 Reported cases with lymphatic malformation confined to
the mediastinum

Age at the diagnosis

Age Number
of cases

Prenatal 11 (5)
<1 month 6 (0)
1-12 months 13 (1)
1-5 years 38 (9)
6-15 years 32 (15)
Total 100 (30)

Symptoms

None 30

Yes 69
Respiratory distress 32
Fever 24
Pain/compression 16
Swelling/mass 14
Cough/sputum 11
Stridor 7
Fluid 6
Cyanosis 5
Hoarseness 3
Others 5

Not mentioned 1

(): Number of asymptomatic cases

cases, followed by a fever in 24, pain in 16, and cough/spu-
tumin 11. A variety of presentations were noted, including
chest wall mass/swelling, stridor, fluid collection, cyanosis,
neck/axillar swelling, hoarseness, and others. Of the 11 pre-
natally diagnosed cases, 2 presented with fetal hydrops [10,
11], and 4 were asymptomatic after birth [10-12]. Thirty
cases were found incidentally. The number of asymptomatic
cases increased with age: 6/30 (17%) among infants, includ-
ing prenatally diagnosed ones, 9/39 (23%) among toddlers,
and 15/32 (47%) among school-aged children.

Surgical excision was the initial treatment in 84 cases,
and 3 underwent excision after sclerotherapy. Sclerotherapy
in nine cases, prenatal aspiration in two [11, 12], and pleu-
rodesis and octreotide in one each were attempted.

Three fatal cases were reported, including the first
1 described in 1920 [6] and 2 from Japan with short
descriptions; 1 was a neonate who died after sclerother-
apy [13] and the other was a 12-year-old boy who died
after recurrence due to an overwhelming streptococcal
infection [14].

Fourteen cases developed complications after treat-
ment. Six suffered from phrenic nerve palsy (one also with
recurrent nerve palsy), and chylothorax or pleural effu-
sion occurred in six cases [7, 8, 11, 13, 15, 16]. Cases with
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complications accounted for 5 of 27 (19%) neonates/infants,
6/39 (15%) toddlers, and 3/32 (9%) school-aged children.

Treatment for the 29 patients without any symptoms,
including those prenatally detected, was surgical resection,
except for 3 who received fetal intervention and/or sclero-
therapy. Among them, phrenic nerve palsy and chylothorax
occurred in two out of eight cases after surgery. Ono et al.
described a case that was observed without any intervention
after prenatal detection of the LM [17].

Discussion

The prevalence of LM is reportedly 1-3 in 10,000 live
births, and it is common in the neck and axilla, with 10%
of cases showing mediastinal extension [1]. Our nationwide
survey in Japan and thorough document retrieval allowed us
to accumulate reported pediatric cases of mediastinal LM
with or without lesions at other sites. Cases with medias-
tinal LM comprised 87 of the 606 (14.3%) surveyed cases
with head and neck lesion that might influence the airway.
Patients with LM confined to the mediastinum have been
reported to account for < 1% of cervical cases [3-5]. In this
survey, there were 20/606 (3.0%) cases with LM confined
to the mediastinum, accounting for 1.1% (20/1718) of all
registered LM cases, which indicates that this is indeed a
rare entity.

LMs are not exactly neoplasms, and they account for
only a few cases among mediastinal masses (0.7%-4.5%)
[18, 19]; indeed, only 10 LM cases were found among 150
(6.7%) mediastinal mass lesions based on a questionnaire
administered by Yano et al. [20]. Regarding the number of
cases in the total population, only 2 cases were identified
after a health checkup by chest X-ray for 212,708 preschool
children, indicating a prevalence of 0.9 per 100,000 [21].

The mediastinal LMs in the cases detected in the survey
and literature search were mostly located in the anterior and/
or superior mediastinum, regardless of the presence of LM at
other sites. Mediastinal lesions tend to develop near the neck
and face. Embryologically, the lymphatic network develops
from or around the five sites of lymphatic anlage, including
the jugular lymph sac in humans [22, 23]. LMs may also
develop as a result of sequestration of portions of the primi-
tive lymphatic anlage [23]. Given that LM most commonly
develops in the facio-cervical region, with the anterior and/
or superior mediastinum located near the jugular lymph sac,
mediastinal lesions tend to develop in this portion of the
thoracic cavity.

These lesions can occupy the thoracic cavity or outlet
and compress the airway, and they are also susceptible to
infection; as such, they can cause a variety of respiratory
distress symptoms due to airway obstruction. Malfunction of
the lymphatic drainage can result in pleural effusion/ascites
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or hydrops fetalis [10, 11]. When cystic hemorrhaging or
infection occurs, it causes swelling, chest pain, neck/axillar
swelling, hoarseness, and even superior vena cava syndrome
[24, 25].

Superficial LMs are easily noticed soon after birth, and
LMs located at the mediastinum can be detected by further
studies for head and neck LMs. Our survey data showed that
LMs were most frequently found prenatally, suggesting that
these lesions are easily detected by fetal ultrasonography in
Japan. When LMs involve the mediastinum, some patients
present with symptoms soon after birth, especially when the
lesions also involve the head and neck region. Some reported
cases had symptoms as early as the neonatal period, even
when the lesion was confined to the mediastinum. Even in
cases where the lesion cannot be seen from the outside, it
can cause symptoms and respiratory failure in early infancy,
which necessitates intensive care.

When a patient with LM suffers from airway obstruc-
tion, airway management, including the placement of a
tracheostomy may be warranted for relief. In the surveyed
patients who required a tracheostomy, it was typically placed
at <2 years of age. However, it should be noted that only 20
of the 87 cases required a tracheostomy, and 11 had their tra-
cheostomy closed afterwards. Ex utero intrapartum therapy
(EXIT) has been introduced in prenatally diagnosed patients
with potential airway obstruction after birth, and LM is a
disease indicated for EXIT; and a tracheostomy is, there-
fore, the final option for securing the airway during EXIT
[26, 27].

Our survey and literature search revealed some cases
detected incidentally, either pre- or postnatally. The number
of reported asymptomatic cases increased with age, with
the distribution showing that incidental discovery coincides
with the timing of routine health checkups (either by ultra-
sonography or chest X-ray). Although many cases have been
discovered by fetal ultrasonography, there have been reports
of spontaneous regression of the cystic mass in the medi-
astinum [28]. There may, therefore, be some patients with
mediastinal LM in whom the lesion remains part of their
body, causing no impairment and remaining undetected.

We must consider the indications for tracheostomies
in patients with LMs that can potentially cause airway
obstruction. The results show that all surveyed patients who
required a tracheostomy had lesions in contact with airway,
and that the longer the extent of airway contact with the
lesion, the more often a tracheostomy was required, albeit
not to a statistically significant degree. This may suggest
that EXIT is indicated for prenatally diagnosed patients with
LMs that might compromise the respiration after birth based
on the extent of contact. We may also be able to predict the
need for tracheotomy to prevent respiratory distress before
therapeutic intervention. Further studies will be required to
resolve these questions.

The goal of LM treatment is the maintenance and recov-
ery of the functional and aesthetic integrity. One currently
available therapeutic modality other than surgical resection
is sclerotherapy using agents such as OK-432, bleomycin,
doxycycline, and ethanol [29]. The treatment modalities
applied in the accumulated cases were varied, as shown in
Tables 8 and 9. In cases of LM confined to the mediastinum,
there is no cosmetic backwash. As such, the indications for
its treatment are solely for symptom relief, when symptoms
are present. If mediastinal LM causes severe symptoms and
is invasive, complete resection to prevent recurrence may
be performed to relieve the symptoms [7, 8, 11, 13, 15, 16].

In 29 registered cases, various treatments for mediastinal
LM were attempted across 39 procedures in total, including
12 cases without any symptom at that time (Tables 4, 5).
Excision was attempted in 10 out of 29 cases. In most of
the reported cases, surgical resection was selected as the
initial treatment. It is speculated that, since the introduction
of sclerotherapy, surgical resection has been selected as the
treatment modality less frequently.

While treatment can achieve symptom relief, the lesion
remained even after attempted resection in most registered
cases. Complications after treatment included chylothorax,
hemorrhaging, nerve palsy, and infections, all of which were
postoperative. Acute complications, such as chylothorax or
infection, only affect patients temporarily, but it was sug-
gested by the survey that complications such as nerve palsy
might influence the long-term quality of life among patients.
Whether or not these complications were truly responsible
for patients’ decreased quality of life was unclear, since we
did not ask the reason for the inconvenience. However, our
review on LM confined to the mediastinum showed that the
younger the patient, the higher the morbidity rate. We should
bear in mind that surgical resection can result in long-term
complications along with surgical scarring.

In cases with no or few symptoms, non-surgical treatment
should be sought, as the complication rate tends to be high
otherwise. Regarding alternative options, lesions are known
to become swollen after sclerotherapy, and the effect of such
therapy on the airway is a concern. Side effects of the scle-
rosing agents bleomycin and doxocicline have been reported
[29, 30]. There is an interesting case report in which Kampo
medicine was effective in shrinking an intractable LM [31],
but further evidence for its efficacy is necessary. Surgical
resection should be attempted with well-informed consent,
especially regarding postoperative sequelae, due to potential
long-term complications.

We recommend that prenatally detected LMs be followed
up after birth without treatment if they are asymptomatic.
Surgical intervention should be avoided in pediatric cases
with few or no symptoms suggested by imaging studies to
be LMs.
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In conclusion, our analysis of nationwide survey data of
mediastinal LM with or without head and neck lesion in
Japan and literature review of pediatric cases with LM con-
fined to the mediastinum has shown that, while mediastinal
LM is congenital in nature and can cause life-threatening
symptoms in infancy along with associated head and neck
LM, it may not provoke any symptoms into adulthood. A
tracheostomy may be warranted to relieve airway obstruc-
tion due to LM, including an EXIT procedure for prenatally
diagnosed patients. In children with severe symptoms, a tra-
cheostomy might be required for symptom relief, and surgi-
cal resection may be the only therapeutic option. However,
in cases with no or few symptoms, non-surgical treatment
should be considered, as the likelihood of postoperative
complications is relatively high. We also need to consider
under what conditions LM may compromise the airway and
whether or not a tracheostomy is truly required. Further stud-
ies will be needed to resolve these issues, and more analy-
ses of the accumulated data of patients with LM that might
influence the airway are in progress.
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of sclerotherapy for facial microcystic LMs. As complications characteristic of
sclerotherapy, serious impairment may be caused by leakage of the sclerosing agent
(ethanol, in particular), and this point needs attention. Based on the above observations,
it is difficult at present to evaluate indications for sclerotherapy against microcystic
LMs by formulating criteria. Therefore, for the future, it is considered necessary to

evaluate the usefulness of sclerotherapy addressed by this CQ by designs such as RCT.

CQ25: Is sclerotherapy effective for intra-abdominal LMs?

Recommendation:

Although there are many reports that sclerotherapy is useful, there is the risk of
complications, and careful judgments about matters including the resectability of the

lesion and selection of the sclerosing agent are necessary.

Strength of recommendation 2 (weak)
Evidence D (very weak)
Comments

[Process of preparation of recommendation]

LMs are the most frequent lymphatic vessel disorders of the abdomen. Intra-
abdominal lesions are estimated to account for 10-20% of all LMs, and the selection of
treatment is difficult depending on the site of the lesion. While surgical resection is
expected to be effective, less invasive treatments are considered desirable in view of
stress to the patient and the possibility of severe complications such as lymphatic fluid

leakage and bowel obstruction. Sclerotherapy, which is a major treatment for LMs, is



considered to be less invasive than surgery. Although positive therapeutic effects are
expected, sclerotherapy is known to induce marked inflammation. And whether it can be
performed safely without negative effects including complications and its long-term
effects are major clinical concerns. In addition, what therapeutic effects are expected or
what complications should be anticipated after sclerotherapy for the intra-abdominal
lesion is also unclear. Therefore, the CQ, “Is sclerotherapy effective for intra-abdominal

LMs?”, was formulated, and knowledge available at present was compiled.

<Literature search and screening>

As a result of literature search, 19 papers in Japanese and 38 papers in English
(32 from PubMed, 6 from Cochrane) were subjected to primary screening. Of these
papers, 2 in Japanese and 9 in English were subjected to secondary screening
concerning this CQ. They included no papers with a high level of evidence, such as
systematic reviews and RCTs, and all were case series or case reports. Consequently, the

results and discussion in each case series were integrated in the evaluation of this CQ.

<Review of observational studies (case series)>

The literature concerning the effectiveness of sclerotherapy for intra-abdominal
LMs was reviewed from the viewpoints of (1) therapeutic effects (decrease in lesion
size, symptoms) and (2) complications.

The drugs used for sclerotherapy ranged widely from OK-432 to bleomycin,
ethanol, doxycycline, STS (sodium tetradecyl sulfate), acetic acid, steroid/tetracycline,
and 50% glucose solution. According to our review, there was no paper that evaluated

the differences in effectiveness of sclerotherapy in the abdomen according to the drug



type or administration method or number of administrations of each drug.

Results of review
(1) Therapeutic effects
A. Regression rate of the lesion

Regression of lesions of intra-abdominal LMs by sclerotherapy was mentioned
in 5 papers.?7-315-318 According to the report by Chaudry et al.,>!® the reduction rate was
>90% in 7 and >20% in 1 of the 10 patients with LMs of the mesentery and
retroperitoneum treated with doxycycline, and evaluation using imaging examination
was not performed in 2 cases. The patient who showed a low regression rate had a
mixed type of cystic and cavernous lymphangiomas, and the other patients had cystic
lesions. Oliveira et al. reported that the lesion regressed by 70% in 1 of the 2 patients
with cystic lymphangiomas treated with OK-432.3'¢ Won et al. reported 1 patient who
showed complete disappearance of cystic retroperitoneal lesions after sclerotherapy
using acetic acid.’!” Shiels et al. reported that cystic lesions responded to sclerotherapy
using STS and ethanol in 2 patients, but there was no mention about the reduction
rate.>!® However, according to Algahtani et al., no effect was observed in 10 patients

who underwent sclerotherapy using steroid/tetracycline or 50% glucose solution.?%’

B. Symptoms
There were 3 papers that referred to symptoms of patients treated by
sclerotherapy for intra-abdominal LMs, 313316

According to Chaudry et al.,>" of the 10 patients who underwent sclerotherapy,

3 had chronic abdominal pain, 3 had acute abdominal pain, 1 had fever/chill, 1 had



anemia, and 2 had palpable masses, but the symptoms were alleviated by treatment in
all patients, and no recurrence was noted.

Oliveira et al. reported that sclerotherapy was performed in a patient with a
palpable mass and in one with a palpable mass, abdominal compartment syndrome, and
a poor general condition. While the condition was alleviated in the patient who only
showed a palpable mass after 2 courses of OK-432 sclerotherapy, but the treatment was
changed to surgery in the patient who had abdominal compartment syndrome because of

enlargement of the mass due to intracystic hemorrhage.?!®

(2) Complications

Three papers specifically mentioned complications of sclerotherapy for intra-
abdominal LMs. There was no report of deaths due to treatment-related complications.
Oliveira et al. treated 3 patients by sclerotherapy using OK-432 and reported that one of
them developed subbowel obstruction after the treatment and another required
emergency surgery due to exacerbation of abdominal compartment syndrome induced
by intracystic hemorrhage.®!® Chaudry et al. reported that doxycycline used for
sclerotherapy leaked into the retroperitoneal space in 1 of the 10 patients but that the
lesion regressed without any particular problem.?!> Won et al. performed sclerotherapy
using acetic acid in 1 patient with retroperitoneal cystic lymphangioma. Although pain
and hematuria were observed, they concluded that the relationship of hematuria with the

therapy was unclear, because it was observed during menstruation.’!”

Limitations

Sclerotherapy was often performed before, after, or during surgical resection,



and papers that reported the results of sclerotherapy alone were few. There was no paper
that directly compared observation without treatment, sclerotherapy, and surgical
resection. Few papers analyzed intra-abdominal lesions alone, and many papers
included lesions in other areas or evaluated lesions in different intra-abdominal regions
including the mesentery, retroperitoneum, and viscera collectively.

Moreover, differences in properties of LMs, such as cystic, cavernous, and
mixed types, their definitions, criteria for the selection of sclerotherapy (combination
with surgery, types of sclerosing agents and methods of their use, number of
administrations, etc.) varied among papers, and few papers evaluated these matters
separately.

Such differences in the patient background and contents of treatment must be
considered in evaluating the effectiveness of sclerotherapy. In evaluating this CQ,

particularly, differences in morphology of LMs and sclerosing agents were excluded.

<Summary>

The CQ, “Is sclerotherapy effective for intra-abdominal LMs?” was evaluated
from the viewpoints of therapeutic effect, symptoms/functions, and complications, but
no paper with a high level of evidence was found. While sufficient regression of the
lesion and alleviation of symptoms were achieved by sclerotherapy in some patients, the
response rate varied among reports, and information was insufficient for general
discussion of sclerotherapy. Concerning treatment-related complications, there have
been reports of bowel obstruction associated with sclerotherapy, and attention to this
condition as well as intracystic hemorrhage is considered necessary. However, there was

no report of chylorrhea, which was reportedly caused by surgery.



Based on the above observations, it is presently difficult to determine
indications for sclerotherapy in intra-abdominal LMs by setting up criteria, but as there
was no literature that strongly denied intra-abdominal LMs as indications of
sclerotherapy, this guideline proposes, “Although there are many reports that
sclerotherapy is useful, there is the risk of complications, and careful judgments about
matters including the resectability of the lesion and selection of the sclerosing agent are
necessary.” For the future evaluation of this CQ, validation by a design with a high level

of evidence, such as RCT, is considered necessary.

CQ26: Are patients with scarcely symptomatic intra-abdominal LMs recommended to
be treated?

Recommendation:

Since there is risk of treatment-related complications, it is proposed to consider

therapeutic intervention when the lesion tends to enlarge or has become symptomatic.

Strength of recommendation 2 (weak) Evidence D (very

weak)

Comments
[Process of preparation of recommendation]

Intra-abdominal LMs occasionally present with severe symptoms such as
abdominal pain, giant mass, and bowel obstruction but may also be asymptomatic and
detected incidentally. Lesions may gradually enlarge and cause serious symptoms due to

infection and intraluminal hemorrhage.



Under such circumstances, whether or not patients with nearly asymptomatic
intra-abdominal LMs should be aggressively treated, when they should be optimally
intervened during their long follow-up period, etc., are major problems that pose clinical
dilemma. Therefore, the CQ, “Are patients with scarcely symptomatic intra-abdominal
LMs recommended to be treated?”, was formulated, and knowledge available at present

was summarized.

<Literature search and screening>

As a result of literature search, 206 papers in Japanese and 237 papers in
English (230 from PubMed, 7 from Cochrane) were subjected to primary screening. Of
these papers, 6 in Japanese and 9 in English were subjected to secondary screening
concerning CQ 26. They included no study with a high level of evidence, such as a
systematic review or RCT, and many of them were case series or case reports. Since 7
papers among them described asymptomatic LMs, their results and discussions were

integrated to answer the CQ.

<Review of observational studies (case series)>

Seven papers among reviewed literature described about asymptomatic
LMs 3135,316,319-323 Fifteen cases reported in these papers were considered to have
actually presented few symptom (including asymptomatic patients who were
incidentally detected by imaging studies to have intra-abdominal masses at the sites as
greater omentum, mesentery and retroperitoneum).

The literature was screened, and papers addressing issues concerning

therapeutic intervention for scarcely symptomatic intra-abdominal LMs including



“What symptoms they may present with if they are left untreated?”, “By what studies
and how often should they be examined?”, and “What other treatments are available and

how serious are complications or risk of each treatment?”” were reviewed.

Results of review

From the literature reviewed, symptoms of intra-abdominal LMs (abdominal
pain, bowel obstruction, torsion, infection, hemorrhage, vomiting/sucking difficulty,
frequent urination and abdominal mass*!-*%) are considered to be dependent on factors
such as site, size and age. It is desirable to determine risk factors by stratification of
319,321,324

these factors in the future.

Reported complications in treated cases include recurrence that required re-

316,322,323 323,325

treatment,>?° bowel obstruction, chylous ascites, embolism,3'°
hemorrhage3'¢ and wound infection. Embolism of the inferior vena cava after surgery?!®
and abdominal compartment syndrome after adhesion therapy?!® were reported as severe
complications. It deserves special attention that, if surgical resection is selected for
mesenteric LMs, the intestine may have to be resected with the lesion.3%

While there have been reports that intra-abdominal LMs with few clinical
symptoms regressed during follow-up,*!?-32! they may become symptomatic later (as
observed in many case reports). For that reason, the opinion that intervention should not

been chosen during the follow-up until the lesion enlarges or new symptoms appear was

frequently described.

Limitations

It should be noted that many asymptomatic cases can possibly be left



unreported and some asymptomatic lesions that are detected were treated. There is no
study with a high level of evidence indicating explicit criteria concerning the age, site or
situation about whether or not intervention should be made for asymptomatic intra-

abdominal LMs.

<Summary>

The necessity of treatment of a patient with intra-abdominal LMs with few
symptoms should be determined after evaluating the balance between the risk of
treatment and non-treatment considering its site and size as well as patient age.
However, since research on indications for treatments has been insufficient so far and
serious complications after treatment have been reported, deliberate evaluation for each
patient is mandatory. When observation is selected, periodic imaging studies are
recommended to optimize therapeutic intervention by detecting enlargement of the
lesion. And also if any symptom has developed during follow-up, intervention should be
considered. For these reasons, the recommendation, “Since there is risk of treatment-
related complications, it is proposed to consider therapeutic intervention when the

lesion tends to enlarge or has become symptomatic.” was adopted.

CQ27: What are treatments effective for refractory chylous ascites?
Recommendation:

Conservative treatments, such as fasting, high-calorie infusion, and medium chain
triglyceride (MCT), should be performed first, but, if they are ineffective, drug

treatment, sclerotherapy, and surgery may also be considered.



Strength of recommendation 2 (weak)

Evidence D (very weak)

Comments
[Process of preparation of recommendation]

Refractory chylous ascites causes loss of large amounts of protein and
lymphocytes, decreases in the blood lipid levels, and abdominal pain, unpleasantness,
and dyspnea due to abdominal distention and markedly reduces the patient quality of
life (QOL). The cause of ascites often remains unknown. Treatment of chylous ascites
may require drainage to avoid abdominal distention. It is a very important point for
clinicians to make proper judgments by understanding treatments and their effects and
demerits. Therefore, it is considered beneficial to collect information about chylous
ascites over a long period and compile guidelines. For this purpose, the presently
available knowledge was collected by formulating the CQ, “What are treatments

effective for refractory chylous ascites?”’

<Literature search and screening>

As aresult of search, 161 papers in Japanese and 728 papers in English (564
from PubMed, 164 from Cochrane) were subjected to primary screening. Of these
papers, 15 in Japanese and 12 in English were subjected to secondary screening for CQ
27. They included none with a high level of evidence, such as systematic reviews and
RCTs, and consisted of 1 multicenter and 2 single-center case series and case reports.
Consequently, we used the results and discussion of 27 papers judged for the

preparation of the draft recommendation were integrated although evidence was



insufficient for the evaluation of this CQ.

<Review of observational studies (case series)>

As for causes of chylous ascites, congenital chylous ascites,>?6-34! idiopathic

327 342-345 344

chylous ascites,”*’ chylous ascites after laparotomy, protein-losing enteropathy,

LMs, 346347 lymphangiectasis,>*® 3% lymphangiomatosis,>>? 3!

and lymphatic
dysplasia*>? were reported. None of the papers evaluated treatments according to the
cause.

When treatments are categorized, conservative treatments (fasting, high-calorie

infusion, medium chain triglyceride (MCT)), drug treatments, sclerotherapy, and

surgical treatment were performed.

Results of review

The results of review are presented below according to the treatment.
(1) Conservative treatments

Whether or not the amount of ascites changes by fasting should be checked
first.

High-calorie infusion is often used with fasting, and since there was no report
that ascites increased under the effect of high-calorie infusion according to our review, it
is recommended for nutritional support during fasting. In the multicenter case series
reported by Bellini et al., high-calorie infusion/total parenteral nutrition was performed
in 15 patients without adverse effects.?2¢

MCT was used before, after, and during treatment, 326327, 329-334, 336, 338-340, 342, 344,

345,347-351 T the multicenter case series by Bellini et al., MCT was reportedly performed



in 14 patients without adverse effects.32¢

(2) Drug treatments

In drug therapy for chylous ascites, primarily octreotide (a long-acting
somatostatin analogue) was used, and no report that discussed the effectiveness of other
drug therapies was found by the present literature search.

In the multicenter case series by Bellini et al., octreotide was administered to 6
of the 16 patients with chylous ascites for 8-38 days, and a decrease in chylous ascites
was reported in all of them.3?® In the single-center case series by Huang et al., 2 of the 4
patients with chylous ascites treated by high-calorie infusion and octreotide
administration were reported to have shown a decrease in ascites within 10 days.*
However, there has been a report that no effect was observed despite the administration
of octreotide for 3 weeks.*?* Concerning the dose of octreotide, it was administered at 1
ug/kg/h,*6 at 3 ug/kg/h,>*! began to be administered at 0.5 pg/kg/h and increased to 10
ug/kg/h by 1 ug/kg/h,32® administered by continuous intravenous infusion at 0.5-2.0
ug/kg/h,*3? and began to be administered by subcutaneous injection at 2.5 pg/kg 2
times/day and increased every 2 days to 8 pg/kg 2 times/day.*?* Regarding the time of
the beginning of administration, the administration was started as no improvement was

329,333 and as

observed in chylous ascites after conservative treatments for 2 weeks,
chylous ascites was alleviated by conservative treatments but was exacerbated again.*3?
No adverse effects of octreotide administration were noted in the present review of the
literature. Thus, no control study that evaluated the effect of octreotide on chylous

ascites was found by the present literature search, and the level of evidence concerning

the efficacy is low, but as there are case series and many case reports that chylous



ascites was reduced by octreotide administration, it appears reasonable to consider drug
treatment using octreotide for chylous ascites that does not respond to conservative

treatments.

(3) Sclerotherapy

Sclerotherapy was performed in 6 patients in 5 case reports, 338> 346,348,350, 351
The sclerosing agent was OK-432 in 5 of the 6 patients and was Beta-Isadona-solution
in 1.3 OK-432 was locally injected into the lesion in 4,346:35%-351 gdministered
intraperitoneally in 1,%*! and administered via the drain in 2.3*¢-33! Concerning

sclerotherapy, the number of reported cases that could be reviewed was limited, and

further accumulation of cases is considered necessary to establish its usefulness.

(4) Abdominal drainage, abdominal puncture, and surgical treatment

Abdominal drainage and abdominal puncture are performed when organ
compression symptoms (compartment syndrome and respiratory insufficiency) due to
abdominal distention are present or possible or when the drain is inserted
postoperatively. However, drainage itself cannot improve chylous ascites, and
treatments, such as infusion, blood preparations, and blood transfusion, are necessary to
supplement the ascites lost due to drainage.326, 329-332, 336-339, 342, 344-346, 348, 350, 351

Surgical treatment is reported to be frequently performed after conservative or
drug treatments. According to the single-center case series by Zeidan et al., surgical
treatment was performed in patients who responded poorly to conservative treatments
continued over a mean of 25.3 days.>*? In other reports, surgical treatment was

327,328

performed after conservative treatments continued for 1-3 months and in patients



with congenital chylous ascites 1-4 months after birth.3% 333:349 Since it is often

impossible to identify the leakage site of chylous ascites,*?’

attempts to identify the
leakage site by orally administering a lipophilic dye (Sudan black, Sudan III) before
operation, 327-328.335.342 When the leakage site can be identified, ligation, suturing,
clipping, and cauterization have been performed.3?7- 333:335.342.349 Ty addition to reports
of the usefulness of techniques to stop leakage, such as applying or sprinkling fibrin

glue at the leakage site of chylous ascites or over the surrounding retroperitoneum?328: 33%-

342,349 t 330,
b

and applying a patch of oxidized cellulose/resorbable local hemostatic agen

348,352 and

342 there have also been reports of peritoneovenous shunting
peritoneoamniotic shunting for fetal cases.’

There was no large clinical study in the past literature. Therefore, although the
level of evidence is low, we consider that surgical treatment is recommendable for
chylous ascites that does not respond to conservative or drug treatments, because it has
been performed in case series and case reports for chylous ascites that did not respond
to conservative or drug treatments continued over about 1 month. Although techniques
to enhance the response rate of surgical treatment, such as identifying the leakage site
by using a lipophilic dye and applying fibrin glue or a patch of oxidized
cellulose/resorbable local hemostatic agent, have been attempted, there are only case

series and case reports, and none of the papers retrieved by the present literature search

evaluated their usefulness.

Limitations
There was no literature that defined refractory chylous ascites based on the

duration of illness or treatment responses. Therefore, we extracted and summarized



factors that were considered to contribute to clinical refractoriness, such as the duration
of illness and treatment responses, in each paper related to the treatment for chylous
ascites. Also, as the cause of chylous ascites varies widely, the therapeutic effect is
expected to differ depending on the cause, but no paper that could be reviewed
evaluated treatments according to the cause. Therefore, in the present evaluation, the

statements are limited to treatments and their effects regardless of the cause.

<Summary>

It was difficult to comprehensively discuss treatments, because its cause varied
widely, and treatments for various causes were performed. Therefore, treatments were
classified into conservative treatments (fasting, high-calorie infusion, MCT), drug
treatments (octreotide), sclerotherapy, abdominal drainage, abdominal puncture, and
surgical treatment, and the effects of each treatment were evaluated.

Treatments effective for refractory chylous ascites can be summarized as
follows with the understanding that they may depend on the cause and that the level of
evidence of the available reports concerning treatments and their effects is low.
Conservative treatments, such as fasting, high-calorie infusion, and MCT, should be
performed first because of the rareness of adverse effects. In patients who respond
insufficiently to conservative treatments, drug treatments using octreotide can be
considered as there have been case series and many case reports. Concerning
sclerotherapy, the number of reported cases is small, and further large clinical studies
will be needed to confirm its usefulness. Abdominal paracentesis and surgical
treatments may be considered for chylous ascites that does not response to conservative

or drug treatments continued for about 1 month.



Thus, the draft recommendation is “Conservative treatments, such as fasting,
high-calorie infusion, and MCT, should be performed first, and, if they are ineffective,
drug treatments, sclerotherapy, and surgical treatments may be considered.” However,
evaluation of this CQ by a design with a higher level of evidence, such as RCT, is

considered necessary for the future.

CQ28: What kinds of complications are associated with treatments for intra-abdominal
LMs?

Recommendation:

Complications associated with sclerotherapy for intra-abdominal LMs include bowel
obstruction, hemorrhage, pain, hematuria and chylous ascites. Operative treatment of
the disease can be associated with serious complications such as occlusion of the
inferior vena cava and massive resection of the intestine as well as more common,

wound infection, bowel obstruction, hemorrhage and chylous ascites.

Strength of recommendation No recommendation
Evidence D (very weak)
Comments

[Process of preparation of recommendation]

Patients with intra-abdominal LMs are treated with various modalities from
non-operative therapy to surgical procedures. Treatment modality is selected depending
on the patient’s state. Therefore, it is necessary for the clinician, patient, and family to

share information concerning complications that may be associated with treatments for



smoothly implementing them. However, there are no resources that give a clear answer
to this problem, and both clinicians and patients tend to be baffled. Therefore, the CQ
“What kinds of complications are associated with treatments for intra-abdominal LMs?”
was formulated, and information available at present was accumulated and integrated

for the answer.

<Literature search and screening>

As a result of literature search, 203 papers in Japanese and 602 papers in
English (593 from PubMed, 9 from Cochrane) were subjected to primary screening. Of
these papers, 23 in Japanese and 27 in English were subjected to secondary screening
concerning this CQ. They included no papers with a high level of evidence, such as
systematic reviews or RCTs, and all of them were case series or case reports. To answer

CQ 28, the results and discussion in each case series were integrated.

<Review of observational studies (case series)>
Complications in the CQ were evaluated by defining them as those encountered
when patients with intra-abdominal LMs were treated, and reports on sclerotherapy and

surgery were reviewed.

Results of review
(1) Complications associated with sclerotherapy
Sclerotherapy using OK-432 was reported to be associated with bowel

316

obstruction and hemorrhage for mesenteric LMs,”'® and chylous ascites for

retroperitoneal LM.3?* Sclerotherapy using acetic acid was reported to be associated



with pain and hematuria in patients with retroperitoneal LMs.3!”

(2) Complications associated with surgical procedures
Complete resection of both mesenteric and retroperitoneal LMs by laparotomy

323,353 and bowel obstruction2% 333

was reported to be associated with wound infection
354 as common complications. There were reports of serious complications such as
occlusion of the inferior vena cava’!® and massive resection of the intestine necessitated
due to diffuse infiltration of the LM tissue to the intestinal wall.3%

In a report about complications associated with complete laparoscopic
resection of intra-abdominal LMs by Tran et al., resection was attempted in 47 patients,
and conversion to laparotomy was necessary in 3 (6.4%) due to tight adhesion in 2 and
intraoperative hemorrhage in one.>>

Partial resection by laparotomy was reported to be associated with persistent

ascites over a long period which was refractory to the treatment.>>*

Limitations

Patients with intra-abdominal LMs are treated with various modalities
including sclerotherapy and surgical procedures. Modalities were combined in many
cases, and complications are often reported as those of entire treatment without more

detail information about those associated with individual treatment.

<Summary>
For answering the CQ, “What kinds of complications are associated with

treatments for intra-abdominal LMs?”, no literature with a high level of evidence was



found, but foreseeable complications could be listed from many case reports. Bowel
obstruction, hemorrhage, pain, hematuria, and chylous ascites were reported as
complications of sclerotherapy. Serious conditions, such as occlusion of the inferior
vena cava and massive resection of the intestine, as well as common complications,
such as wound infection, bowel obstruction, hemorrhage and chylous ascites were
reported as complications after surgical procedures.

Although the incidence and difference of complications in respect of the site
and histological type are not shown in the literature, each patient with intra-abdominal
LMs should be treated with sufficient evaluation of the site, size and symptoms. In
addition, treatment must be implemented with sufficient understanding of the possible
complications.

Thus, we propose “Complications associated with sclerotherapy for intra-
abdominal LMs include bowel obstruction, hemorrhage, pain, hematuria, and chylous
ascites. Operative treatment of the disease can be associated with serious complications
such as occlusion of the inferior vena cava and massive resection of the intestine as well
as more common, wound infection, bowel obstruction, hemorrhage and chylous

ascites.” as a recommendation draft.

CQ29: What are effective treatments for LMs causing airway stenosis in the
mediastinum?

Recommendation:

Sclerotherapy is effective for macrocystic lesions, and surgical resection is effective for
microcystic lesions. However, as the complication rate is relatively high, treatments

should be selected according to the condition of each case.
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