ErmEEE REERE 5 —
MEEEE £ 255

SH6FEAR~SM7E3R (2024F48~2025431)

EimrHEEREERtE 22—
R R ZUED



%‘
Ll

BEREEERtCVI—MREXEERSE 25 SOFH|IZH->T

x|
[l

ENFREBOBEOINE/FED1DELT, TNENDREA ML L= KBTI &
FIZH5. RBRZ LT TWASIENZEITFONFES . BEEAL, HLVEICE W TIEMIT
LI-TARERFIZH L TOSRREVSIDIERBIELEAADIENILZRTELE IR
BBLSMZ I ZLEHENERNEY ., chiF, BFER#EESTE DSV ERARARZH
EIDIEWSEZZERITTEY . TNERTLTUKEVNIREDRNZEEMBLTLE
ERS

SCT.EREEREV I —DOTFM6 EFEOHRETORREZEARMARIBTIII<FE
OTWFEFEL, BB 2—DESAN, BEERKRD duty [TEDLATICLEE,
ZOLIZEEAREIZETELONSIF T, COIIITKEILIRGHEREHLTLMZL
TWBATEICREBBLES . VI DOEDFERER. RXNEFTN TSI LIS
BYUZRLHEHKIC, B3 —TREICERNMTIONTVDERREN:LET,

EFCHTHY ., ERFIEZICEIHEERESINBMETAFET . LEA-T
BANFYVRVWERZRBTICE. EEOHH. FLO0. ZELTEEGETTOEL
TR GE ARNGAEEZTHEAE S OMEBEABELGILFEIFTLHYFE
Ao BB BRDFERTIEHENEERILTVDECALDEBYFE AN, TS5
SECATEMRIMAEZEL. THATIVIICEERREHEESETVET  EEZDE
PARME., ELTEMTPRFEOERMORIDERFFICHAIVAELTRDIED
BOTEETT . TOERTEREER LV A—TR. . BRARELE L F—DE
BEYAIVRAENMo LAY R—FL TN TLSDIFDENRY TY, SEIFEED
TWEWRERZL A —DRBITIERD Y AIVAENLDEREIZER T
EEENE, BRDORET HIERTRL TR EEE TGO EALA DTV
BHERBFIZ, SRVETFITHAFLTOLEITHLDEHEELET,

WA TBUEANE N RREEERSERE2—
ik FE EE



EP/Y

L B R T B I B oot oo 1
2 B R II ZE BB e 2
71737 A SSS 2
D) FBBRERAE oo 8
B BB e 11
OO 11
Q) A R BB e 14
@) BB oo 16
CEBREER D oo ssss s s s s s s s 16
CEIZER D oo 17

@ FTFZEER oo 26
(B) BBMITEETEER oo 28
b BT oo 32



. ERERBFZRER D AHIEA

1. &FF-FriEs

WIITBUEANELRRHEE R SER 2 —ERKRI AR
BERERERSMHILETE —1

[E—

2. A&

ERERTAZEERIE 1999 & 10 BICREINFELz, HITFRELBAEE. ERIEHEE.
ERZEHMEE. BREEMRE ARTHEAEED 5 ETEESNTLVELRZA, 2007 £
AEH AR EL AR RIEEELLTHEERTEITL., I5I12 2013 EHLILEBREEEZLM
Z BT 1 # 6 ETEELTULVET, 2006 EMDILEfFIE 8 BEICERRMMEER ABREEEND
YFELT=AY, 2018 £ 4 A DFE SR HAEFSERICZHFLN. 2017 £ 11 AICERRARE X IBERE
[ ARBEEFEERICBEGELEL .

3. rHREA

R ERREOBRIFOLECLUTOMREELRELTLET,
REEA IR E

ERIYHMER

E{GRZHEE

BEREEHEE

BRI R HEE SR

BREEE

S 6 EFEDEKMEHBDOEEDEF XL TIZRTEY TI,

S

(4735

[ [ [ [ I |
RAE ERIY BEI{RE2 M Bl PR & 5 47 35 SBER TR
e HR=E HR=E HR=E HEHESE =
=5 wen " [ZE wens] [ZE Bena] (2R BBES| [RE BTEA

4. BRERFXRFRERFRSHER

LhElX 2000 F&LY ., BRERZFOEERZRELTHE -HARFBETLEOTEYET,

2024 FEMGIL. STEERFHEE EEEE) BRRFERETF IZH-(CHBL. BRREER
MREME L TENTHEARFEEMRILEL,
RERERERFRELZITX. BEFTRENCERAMOEREZENIC, Z0HOHEICK
SIEBAHZEREIL. YR TOSELCERKRREREERSEXRFRZRICE T ERMAELD
EEZRSTWET  ChicEY RZERENEEAN DBEHNLGERKRMREZRITTEDELD
XELTWET,

2023 £ 10 AMBIE5E 2 FIRBAR OFERELLENELRBITEZL. THEEHETH
PRBELREDIEEDLE, REAMARIICEVTHREEDH TEYET .




2. ERIRBFZREIQER

D BRRHIZE
(7) EBM* 1wk —O X EIEREKHR

- REES MREEEA HRFEES
BRANERABRVFAMERMIEE B #ila) >/ \BIZET5 R-
H28 —NHO(If1i%) — 02 KIFEH CHOP Bfdiak L at iRt AEEDAEMME. QOL. ER. &
AR D Z KR FIRAEIR— R
AFIZBITE2RABRBRANIL=_THZEEEBORERELE
H30—NHO(4+#)—01 BARBN DYRYEFHEN -ZHEHRERFIREIAR—IAZE- (HERNIA
STUDY)

KABEBERM 2 /\EIZH 15 Obinutuzumab D AEME.
H31—NHO(If1%&)—01 KiF R QOL. ZRAXMR. FRICET S L EEATAEIR—ME

(PEACE-FL)
__ ARRLFH—F(MTX)BSE /SR EDEEFERTS
H31—NHO(% #)—02 FIT=iA
OFR) FEEE | hor s Lo

PALLEEEEEDHED TR, BHFER., BHBE ~iD
fE BB KR E speckle tracking j&. 44 F> truncating EED
B, RPFAFU N ISTAVNEIE., PDmbaR=V 1T E
BRI E D LB AR B ~

LY RN —T—5%F|FALT= AYA t#{X DLBCL DGR - £
MEMFEEHELNT HERER I (NHO-DLBCL-AYA %)
DOAC [RABEICHEITAIREN R LM DHEILIZET LI
HARSA VML D= D LR ERBTREHE

SR BAD NIRRT DI MR B DR L iR FH
FRICET HRIASIFERMAR

R2—NHO(L ) — 04 I

R3—NHO(M&)—01 KIFEHRL

R3—NHO(th#H)—01 =P o g !

R4—NHO(LMB)—01 AR 54

1) BEHMRESE
I. NERKAR
BtiR SRR MEES B ()]

BAEEMTHER | EEHREEMBRERNI—OUYIRICKSHT- | SEMESE 1.300.000
HWEMEE TR REEIZEABR DK WMTEA T
BAEEHEER | TBELEAEBE~DEHERFVRICKDSHT- | fEmEE 260,000
HEMEE TR REEIZEE AR DK WMTEA ’
BAEEMTESK | OAUDUIERIEICKD CADASIL BHICHT S | 4iEfEE 650.000
HEMEE Fbi R i A R < SN FARE S5 4t ’

e FIEMEE 520,000
XBHEE | mmasomm@EsS KasLERTEAEL | KARET ’
BREFERMAE | gz i7 455 OBISE (22K10125)
% HBHR(C) AP IRE ﬁ;%ﬁgf 130,000




B8R BEL HRES SHEFA)
e g | TEMERELREEROT—SE02750% | s £5.000
TFI ot B 5 RS ’
% AT (C) EOREMEEEIET D ML DR (23K09483) Hh A R R
e s | DFEDORUKRAOEEEERNTID | TEWRE | 105000

e RNA OIEF (23K0735) —Ei— ’
¥ EBEMZE(C)
;ﬁ?iéwﬁ NEECORMEREBELE: BERBHOT | HEHRE | 130000

T HR - BET4 (24K 13060) e '
¥ E#EHR(C)
ﬁﬂi}i’éﬁﬂtﬁk$ PACAP-PACI ZBH T FILDEBOREICE | TEHEE 780.000
W > Z SO L b s & — i
I ZBHEELHELFADREEM (24K11500) BH R
e gy | EERBITBUTDREBEURA PACAY 2R | HEFRE | 130000
4P Bt 5 A - o n e ar ’
% HaerETe(C) KT FIVIBED LLEAEHT (22K06647) B
B4 EE INENSRANBARAEEIEYE QT ERAERMEE P
BEBmHEHR | OMBEEORREIHCMI SR | DIEE | 100000
BHEE (23FC1003) -
I. REtE/2—DmoDFFE

BEL/ARKELES HEES SE(F)

EBREONEREIIHT H4FABRDOHAERBIK €W EF 600,000
FHfE N AT T B BIRESR B EAICET SR BH —% 150,000
FIRENFUARICETAHAR (D EmMESN e E¥ 500,000

(V) ERER B RERRE

BE

MERE -REA

1 | %1 REREAR

PIRECZERELE MM DRRICE T SHRMBRY—H—DFEL

% 1 BERBEAR

IANOYLRBEME/NILMOLRXTU M CoCr-EES[XIENCE]) BiE# D
DAPT 5 8if% | MRICEMHET S LOREMETMT 5 S HEHRFTREA

2 FE 1 —T SN L EE A 1E LLEGERER (ShorT and Optimal duration of Dual
AntiPlatelet Therapy study-2(STOPDAPT-2)
s | % é‘ff;ﬁ"“ﬂ BADIME AL A— RS a SRR BT — 5% L= Ga M ARHT

4 | F1RERSBAR

BARBHT—TIDERAERZESITVDNEZZ T —4E AW -#HEMENT

Fr e BR

% 1 ERBEAR

ERERIZHITIEMBERBEACS)DLUAR)—(OK—ACS Registry)




BE

MERE - -REA

% 1 BERBEAR

12 HAERFHERTUOMEERORTUMUREICET SRR T

¢ | pmaEm IS HERL SRR —
Iy =S5 F .
7 | DERLEME | e a0 xR @B A RIETHEERERLYL L TRONE
TRER
FFRESDERBETTO—LMAREZSH T OREEF O ZRFIHI<E
g fixd - M & PR (THRELGRMAREEICET 5L R R T LI LB ER (Optimal
FNfE) S5 45 Antithrombotic Therapy in Ischemic Stroke Patients with Non-Valvular Atrial
Fibrillation and Atherothrombosis: ATIS-NVAF)
Fisd - 1 2 PR L
O | mmEms K-RESOLVE Network #f%%
10 Fisd - 1 2 PR L MMM EUIREEIC KA BB R ORBRNESEEREELORBEIZD
R E WTOHR
w2 LT EEHRE AT - R iEN B EREFHE J-ASPECT study :
fixd - M & PR - ) N
11 AR Nationwide survey of Acute Stroke care capacity for Proper dEsignation of
B Comprehensive stroke CenTer in Japan)
i = [ & N
i |EMBRE e s R A S A ERAE F ORI ST
T
i3 | BCMERE | o) Bk B CADASIL BEITHT AMEM AN B
FARE S5 45
14 fidd - fn & PR SMEH BAD BREEITK Y S M EEDEELMEFENFRICETS
FifE 55 48 AIAEERMR
B I 5 P MEEBROIVRIEAFEETH2MH7TO— LMBEREERU/NI)R
15| o mE U TIA BEERRELETSRTLLOIAERTLILEDIIMREERED
S SEEFRAE (ACUTE-PRAS)
16 fidd - fn & PR} % Xa BFEEEICLHEBETTREOZED-BEDRHE. EENTA. BER
A 5545 REDEIFEILERT 5. ZEEE. HitMa, BEH R (REVERXaAL)
17 fixd - M & PR mgRsIAT—TILERWEBMNNEEREEONRERLEICEATLE
TE MEER 2 R B X ZR(REACT AIS Registry)
B B Pl EREEERRZIND 24-72 HEEBALE-AIARRIRDIREAEZE T S
18 | g BEGIHT 2 IMERAROANERIED AD S HRHR TS AL BT
BBt 5
fixd - M & PR SN T B EAREAZEIC S 1T D H A M 42 A E G D R AR ER— MR
19 N
Bt £
20 fixd - M & PR MEBERETICRELDE MBI EREED S HE KR TR EaR—MF
N R 22 (AFIDA-1)
21 fixd - M & PR DEENERZEROE-OICLDEHEBORHRR - EVAELTBET VAT LA
N R B % L1t =% -SEGODON Project-
B - I 5 PR e ok
22 | e BREERtUVI—NERT—AN—ZHR
’3 MNER INEISRLANBARIE IR QT ERIEREETDEZRKRBDRALFIHIZHE
TEBRETF THHE
" M EAE LY RN —T—5%FIFALTz AYA 1% DLBCL DERRH - EMFHI4EEL
KIZEH ST HEREHR
55 M EAE KA CCR4 BB EE ATL (29 HEH LY XTI CHOP-14 DI
KFELL B
ik b . P
26 | xpgm BRRIBEMEEDRELEGFEERR




BE

MERE - -REA

. mizAF BRI R /A EEIKEIZETE59—T v FvTFr—RNA-seq ALV
KIFEHR HIBAT LMD RITRIEMEICEAT 53
KRR .  ermim g = o r s

28 *ERE RATHEAME)V/BIZEITS CCR4 BIEFEEREFT R DRET
ra— 80 ML ERARUVFAMKMAIE B Ml /JEISHT BRIV IXITARF

29 il U+ R-miniCHP FEEDENMEEREMERIT T 52 EEEARIETFRESBH
KIFEHR B2
i oLt _ o -

30 ey Sy COVID-19 2B HL RN HR

31 HRE- NS BAE | EFHILTERERARE S HERERT—FIN—REFAL-FERBIZR T 508
HNIL d PRIERINE 1ZF8 9 58728 (J-DREAMS)

- JHIEZSAE FFHEEIZHT AT TVURTT+HAN AT T HBEEIDEENREZSM
FNBE DEEL

33 SHIEZRARE CRIFFR DA I ARBRABEICKIFEERED T I LALICET I L IEHRER
BH— HRHME

3 | AR B EEH L EEAEO B BICOLTOMR
HEEH -
i AR _ P sa g

35 i B VAIN 233 5L —H— KRBT OREME
SR LSRR GEMFBEEICHNTS 13 BEORSEMARETIFULE 23 MRESHE

36 iixﬁéfr AEFRBRE I IFo OEFIERE 23 ERESBEAEMAREIIFUE

JREROEMMEO LR -— 5% E/EAL LB ER- (CPI Study)

37 SELGHIESENE | KBIZBITA2RABRBAILZT7HiRIEEEEOEEREELFDYRIEFHE
BREN W -ZERERGIREIAR—NAZE- (HERNIASTUDY)

38 ﬁﬁﬂ& b A AR B HLIT T A AR R DS

39 FREREL EEEENDRBBERBEBF1—TBAICBITAR—2TILXBIREEEDEN
SH # DL

s | REEEH T 4RI KEERL /SR B LR 5 BIIZ DN T DR

41 fRIRS R AR Y—FMTX)EE) o/ ETEE R B DREABADI-O D SR LR
FHrx=#A B2 (H28-NHO(% ££)-02)

4 RIS TR AL FH—FMTX)BEEY /EEMH R EDEBEFERETOTI7MILOREN
Frx=#A (H31-NHO(% ££)-02)

3 RIBEEZ T ETIRVILFUESDREBZMEFIHEEZICEATIMAR(ETRIV/ANALED
BEIEE SHattEREREDOSHICET MR
wmROENE .

44 e AMMERIZETSILAILTREIZR TS O#MEEEE

45 EROZENE BEHRIE R EEEFICB ITARMYP OE#EEEICHT 2O IFEEZD
fBKFIRE HE

16 R OSSR O s M E BRI IED T —AE D 1275/ X EABMEET T ONILD
Hh A B L ®Et

47 R OSSR DOAC IRABRZEIZH T ENREMDOMEILICET MR : HMFS5 (/ML
Hh A B L D= D L HERFEFFIRIEHE(STEPD) 2 R3-NHO (fth#f)-[01]

48 fg;ﬁiﬂ EREEOERIHEE S RS IRTEA LIS DA A EOMR

49 ﬁgggﬂ B R R B~ EH B R RI L2 H - E R AROMR
NI N




BHE MRAE-RER
so | ERERR BB L ARG N — ORIk B H - E B R AR O B R
MTEA
EEEER = i — 7 J
51 WATHEA A/ ROEHESICETIARBRTOERAN
sy | EESH RIBIEHI< 5 B RIS BT 5 DA REROET MBEE DR
sy | REIERR JCOG1605: /37 )a% LB ARRE R R EMERNEICHT S/ /TR
BTEA EDIETUF LILREIRIEER
54 EEEER ZARLRITHAE VLRI THRBESNIEMHRBEERICS T 5EREER S
WTFEA EYOBRKMERICEAT HRIASHEME
55 | BIEMEAR A BRI B AR
WMTEA
EEEER REREEZR TSI TILT—IR—ADOBEL Al FRLEXIECATLORA
56 =
WTFEA Ei
57 REEEH BRAF 54 EHZ2EIEICxT S BRAF-MEK HEESKUVREFIVIRIY
BTEA FEEZEDERKSRICET S S HEARRRLMERTHE
sy | ERIEER EREEOY L EIEEEIET 5 R ARERR
BTEA
EEEER . A b S — E T
59 R REET ERFONMIAEICET 2R ARBAAEHE
o0 | EZMIEER FABOFEBLUBERICET HEEHE
MTEA
REEEH . = s
01 | tgmmmen R ERS NUT 2O
62 i%ﬂé;ﬁﬂ apocrine carcinoma with sebaceous differentiation @ —4§l
63 | EMMEER JCOG-1X A 182+ S0 1S SIS AA 1520
MTEA
SRR ERRmEFEEAEONMNERY—DULFRICEAT IS HELREZA
64 Nl 1REYEIZRIAZR Correlation between surgical deep margin and prognosis of palm
WTEA s X
and sole acral melanoma: A multi-institutional retrospective study
65 EEEER BRAF GHEEMHEEIEIZxT 2 BRAF-MEK [HEE H&LUH PD-1 Hilkz
WTFEA RAW-REMEEZDOBRUDRE ICET L EEARRRIMESHERR
66 %Eﬂégﬂ R & B % IE %5 (non-melanoma skin cancer)d) Sentinel node BEE (BT 5%
MTEA
EEEER )|~ CHE B Fe dd S 2 oo
67 IWTFEA RIE) o\ BRI AERRE
o | REEEH o BB E RS R A AR B 7T O—F [T WEHE
oo | REEEH BRI 511 B IEE L UK PACAP BB S ILEED LB AR
70 ;ﬁ%ﬁﬂ PACAP-PACI BRKI T FILOFROFEICEZ S EEERICADAIREN
& B IR R H#ITH BRAF BIEEMRBEMAS/—)ITHTEREFVIRAUMEE
71 m;&f ¥Ff=[X BRAFMEK FAEEZ LT DBEREEDEERKICH 1T HEHIER

PEAMERRT S LEBEXFERNRESEHEMRE (B-CHECK-SW study)

6




BE

MERE - -REA

R EEEE BB AH T BB EREEE B LT85/ L T LR R A D RAT
2 mTFEA S 1EER S FIE S PSR
. | mEEsH % stage IBC, Il MBI EEREEI-H 115 MERNELR LU EAREE
B sREx BROTRERICET 5 S HERR®RAAEHE
o | EEEBH | o N REER S SR AR O RS
MTEA
75 | BEESE | mmammmenEIs T~ RARISET 5 S ERARRSAEHR
S EARA B
76 ;;g’jigﬂ HT—TILT7IL—a Efl2fESRITOC I IJ-AB LU RR))
Z‘%Hﬁ?iﬁ%ﬁﬂ N | ek =m )
77| oA ) —FiR EAEFI DEFEFE J-LEX LU RR))
78 gﬁggf%ﬂ Micra Acute Performance (MAP) AV Japan Registry
o | FERARN | EEBREBARENEUROAD)T—SA—R &= RIBEISESHIREMED
FAREA S REIREE QB AK- F#(ET AHE
20 TEAREER 18 % LT @ fiE 5l IZ %t 9 % Subcutaneous implantable cardioverter-
BAREA defibrillator(SICD)D & A LR &M (BT SR EARIE
o | FEWAEE | BOEEETALEMBTIL—Sa ROBEIHITETHEEL/SOD
— =i EEBHHRERT T HHH/ A Ovr R
< B Al L o 3
s | TTIOARR | L RER0 R MR R A OREEERR A T—h—ORE M KB
S BARA B
s | X ;iﬁf*ﬁﬂ MEEE ORI E B ERDI O T (R 548)
o | EREER 2R RBmATE (CLIA ) 25T B BFAREREIZH 15 MIBRIK
BT O ERE
35 | PRRAEE | nesmsmossmsmzeE
86 a’fggﬁ“ ERANT—T LGRS 2 B8 HEREREOKE
s | EREBE | s0im b SPECT (8514 S T RROEEMBEDRE
s | PRREEE | hsrapmicsrs s mEREARORENELBISEL AL LOLE
s | PRENER | XemmicstsEREORERREERA
o | B (ESROE =BT 57— AEA SH 2 HHE R OBEEE~ RO HE
R HET DL IEBELT




@ REREIR

7)) RER
LITFIZ 2024 EEDARBROEEEXTT

2024 FEE (56 £F)ARBASE

2024.4~2025.3

EES Ef BEER
&5t
FRERAY | MBEEIEA | FOREEH | BEIEK | IR | #EEN
BER FI4M 1(0) 1(1) 0(0) 0(0) 0(0) 0(0) 2(1D)
RER FEIN4E 0(0) 2(2) 0(0) 0(0) 0(0) 0(0) 2(2)
&5t 1(0) 3(3) 0(0) 0(0) 0(0) 0(0) 4(3)
( YNIZEEDEH
SEHEEE (2024 FEICHR T LIAR)
G | BHER-FAER EHEEf - RAEE EHEE (%)
RER 1(1) 2(4) 2(4) 100(100)
( YNIZEEDEH
ABBOHE
HERESR I IKEE EEEER
SMNEEIZEIT5 clezanumab DX MR UEZELZEMT N A 4
PEMEBIL. _EER. TSR, proof of concept FHER Abbvie SRS H S
AMHEMERKZERIEE )R —EBMERKE M FEEEZ DK
FOBRINHZEMELI-EROE Xla EFEEHR Milvexian Yot I7—IHAE N
DEMERVREMEEEMETSE 3 8, S5 L1, ZEF #t s ?
®, WITEM, TS5 ARABREBR(REHREZE D)
YBRLERT—Y [ RFRT—D IV DEREEEENRE
LE=7PanUMARIZEITA ABP 206 EAXTo—HR® (ZRIL oo = e
<27) OEMBEOELEERET SRAAIL-BERRE | O T/ WrwL | BT EA
(A25/—7)
BRI EIIVBRA L BATETOA MRS A
ZEITHARAEEEXNRIZMK-3475A OREERUESIME | MSD #xX&1t WT EA

£3HES HHR




() BLERRFEHRIRE (FTER)

HEEEL HRIREE EEER
ITXUURKTE BREXIFHAMEOKMIAE B Mt /<
BRUBRXITHAMOEREY/E —REARERE (2 | Do ikkest KIFELR
B
ATO—HR EiHEEE 20mg-100mg* 120mg-240mg, V—R A 5E | NEHESTEKRAS =
831 20mg-50mg  BIEF - B SHATAE it R
LISERATtIL 2.5 mg 5 mgR UL F Ty I REE 2 mg-4 mgB KR | TURML-vA4¥—X M
HEIER - R A RO Tt S ~
N ~ S A

AT v — R AR E (2 HIHE) %g{’“” 5| xmar
FIo—RelEFEABREREURATIRTELET BEOL | IBESTEKRXS R A
EREEELEEOSLEREREUNOFRERTOSEE] | 4 s

S ARSE R SR ()

HREEEL HRIKEE EEER
BREBRRSIMAOEREERBREBRICHTAEAR | WS/ v -Favia- WA
1ERE TUT=FYLY s
RZRUHREEEIA Img BEFEARERE T4 —REit EOE—
NI BHE ERARERE MHELRTEK/RAS P O
BERXITHAMOPEREREF) L/ E (PCNSL) #t A

. . e IRD—XS54T7HAT -
HEIY 3(TAV in SAV) (EFRRERAE A ,;*i FEBR
355U EARERZE CREEN DRSO RHED < o N
B 75 E/S LLE DIBIDTRL  F-1L. p ENEAS OB ;Ji‘%’i““I***ﬁ" hE
DR DOIEENIAREZ T TNVABREICRS, )

I550® HEEAREREZ CRIARN DR SEILE D REE s o R

DI 75 E/5 ELE DBEL RS FotL. pEEEE S8 ;Ji‘%’;"ﬂ***ﬁ" % i
MDREOZENTABRES T TWVAEEICRS, )

EVF7IVhT )L BEBARERAE ~FSXHALFIED e R
FIOAR—LREBEIZHT BHAER~ (FAa—)LNB3461064) I7 A —HRAR EEES
IRLSX®e BEFARERAE (KNAERE FERME. B | NBERIEKXS -
&. . Kipe) #t TR
ASX1—OBREGETE NILTARESHA3mg 25 ALT7E | Yoo Io7—#H *FER
OAR— REBEEERFEL-BEEARERE £t "
N REEE®I0mg BHETITHAMOMA THEAMK ) | Meiji Seika 77ILI# KB EAR
REBATLBEIH 15— B ERABEREEFIAT) *e4t "
&iugﬂggggmﬁmﬁtfﬁaaﬁﬁ-ﬂmﬁﬁﬁéﬁuxob\ﬁu\ﬁm'lit = gkt et N
LIZIRohT I —BERARERE(ERXITHAEDOFLE | TUARRML A4V —X KRR
U MZL) A4 7K &4t "
N RAEE 10mg BHEITHEHEORMEME T MY /& MeijiSeika 77IL <k KB EAR
(PTCL)BEI=H T3 — B ERARERE (£FIHAE) *e4t "
VHIL—Y R T Sme, 10mg 457 FRAERE I INTIRIIT | muge
(4 L —X R ICB S A4 AR IHARM

TEYIVYIRARBEEE 250 mg— R ERARERE (2FHB) Y | ERATHLKAS BAHE
BB BT 1T R LB AT B R OB E it =




HREES BRI HIIEM
o e . e IRT—X547H AT ‘
IRD—X HEIY 3(TAV in TAV) FERABERE MRt Fr R ER
o e . e IRT—RS4THAT -
IRT—X HEIY 3(TAV in TAV) {# ARERE MRt FEEA
B LAX— AR ERARERAE (D ERE) KiIFHEHRASH B ORME
OE)LIR4FEFE ARG TR RMEIEE 1 B(CHH5F R TFLOVA L ITFT—<E IATFEA
BRHEICEAT 22HHRE BEstt
i&“«wr%ﬁiﬁﬁ%ii g EFERBRERE<EARERESRE G ot et O —
3 2 N
B — St AR S ﬁmi"ﬂ**ﬁ" R
IHFILITHE—BEARERE E—= et XERA
LYEA R T BEEARERE(ZEESILATO—ILNE | //NLT4R 77— = g
XIEEaLRAFO—)LIM%E] A&t

5 2500

2,000

1,500

1,000

500

0

2020 2021 2022 2023 2024

10




3. FEHRE
D EXRERE

XURFATBEL THRRINTZEDIZRYET . 2024 FEH(Z Epub (online) TARSIN =X EEAET

W | fFIRFNE
Kataoka T, Fukunaga K, Hiramine K, Nomoto Y, Matsumoto H, Sonoda K, Okino H, Tagata

K, Kumamoto K, Kubota Y, Baba Y, Takasaki K, Nakashima H, Tanaka Y, Tokushige A,
Ohishi M.

Two-Year Clinical Outcomes Following SAPIEN 3 20-mm Transcatheter Aortic Valve
Implantation in Patients with Symptomatic Severe Aortic Stenosis—Comparison of the
Smallest Size Valve against Larger Transcatheter Aortic Valve.

J Transcatheter Valve Ther. 2024 ;6 (1):24-0001

Michallek F, Nakamura S, Kurita T, Ota H, Nishimiya K, Ogawa R, Shizuka T, Nakashima H,
Wang YN, Ito T, Sakuma H, Dewey M, Kitagawa K.

Differentiating Macrovascular and Microvascular Ischemia Using Fractal Analysis of Dynamic
Myocardial Perfusion Stress-CT.

Invest Radiol. 2024; 59(5): 413-423. (Epub 2023 Oct 9)

Nagasawa N, Nakamura S, Ota H, Ogawa R, Nakashima H, Hatori N, Wang Y, Kurita T, Dohi K,
Sakuma H, Kitagawa K.

Relationship between microvascular status and diagnostic performance of stress dynamic CT
perfusion imaging.

Eur Radiol. 2025; 35(5): 2855-2865. (Epub 2024 Oct 17)

W% 2 BIRSFAR
Matsumoto H, Ijuin S, Terashi T
Right-side cardiac metastasis of squamous cell carcinoma from oesophagogastric junction cancer.
European Heart Journal - Case Reports. 2024; 8(6): ytac294

I i I 25 4
Yasumura H, Tao K, Imada R, Yamashita Y, Tateishi N, Arata K, Kinjo T.
Pseudoaneurysm formation after embolization of giant arteriovenous malformation of the lower limb
associated with Parkes Weber syndrome: A case report and literature review.
Radiol Case Rep. 2024;19(11): 4766-4774.

Yasumura H, Tao K, Imada R, Yamashita Y, Tateishi N, Kinjo T.
Horner's syndrome caused by the first rib fracture sustained during coronary artery bypass grafting: a

case report and literature review.
Gen Thorac Cardiovasc Surg Cases. 2024; 3(1): 41.

I i 1 B R EL
Hamada Y, Matsuoka H, Sato S, Kawabata Y, Iwamoto K, Ikeda M, Sato T, Takaguchi G,
Takashima H.

Combining the deployment of only the distal basket segment of the EMBOTRAP III and an aspiration
catheter for M2 occlusions: the ONE-SEG technique.
Front Neurol. 2024; 15: 1424030.

11



W/NER
Miyazaki A, Yoshinaga M, Ogata H, Ito Y, Aoki M, Kubo T, Shinomiya M, Horigome H, Tokuda M,
Lin L, Takahashi H, Nagashima M.
An Alternative Approach to Determining Metabolic Syndrome Component Cutoffs in Children and

Adolescents Using Segmental Regression Analysis.
Circ Rep. 2024; 6(4): 118-126.

Miyazaki A, Yoshinaga M, Shinomiya M, Ogata H.

Letter to the Editor: "An Alternative Approach to Determining Metabolic Syndrome Component Cutoffs
in Children and Adolescents Using Segmental Regression Analysis".

Circ Rep. 2024; 6(7): 281-282.

Imamura T, Makiyama T, Ozawa J, Sonoda K, Kato K, Aizawa T, Kashiwa A, Gao J, Huang H,
Yamamoto Y, Kohjitani H, Aoki H, Watanabe S, Muraji S, Kojima T, Yoshinaga M, Ohno S,
Suzuki H, Sumitomo N, Nakagawa Y, Ono K, Horie M, Kimura T.

Sex-specific clinical course of young patients with Brugada syndrome.

Eur Heart J. 2025; 46(13): 1263-1266. (Published 05 February 2025)

Yoshinaga M, Ushinohama H, Sato S, Ohno S, Hata T, Horigome H, Tauchi N, Sumitomo N,
Nishihara E, Hirono K, Ichida F, Shiraishi H, Nomura Y, Tsukano S, Ninomiya Y, Yoneyma T,
Suzuki H, Takahashi H, Ogata H, Makita N, Shimizu W, Horie M, Nagashima M.

Screening of 1-Month-Old Infants With Prolonged QT Interval and Its Cutoff Value.

Circ J. 2025; 89(6): 826-834. (Epub 2025 Feb 22)

W ERR R - N5 b EL
Mukai M, Korivama N, Hirahara R, Wada K, Nishio Y.
A Rare Case of Ketosis-Prone Type 2 Diabetes With a Unique Human Leukocyte Antigen (HLA)
Profile: Genetic and Metabolic Insights.
Cureus. 2025; 17(1): €77247.(eCollection 2025 Jan)

WH{EERAE
Tahata Y, Hikita H, Mochida S, Enomoto N, Kawada N, Ido A, Miki D, Kurosaki M, Yoshiji H,
Sakamori R, Kuroda H, Yatsuhashi H, Yamashita T, Hiasa Y, Kato N, Miyaaki H, Ueno Y, Itoh Y,
Matsuura K, Takami T, Asahina Y, Suda G, Akuta N, Tateishi R, Nakamoto Y, Kakazu E, Terai S,
Shimizu M, Miyazaki M, Nozaki Y, Sobue S, Yano H, Miyaki T, Moeriuchi A, Hori T, Shirai K,
Murai K, Saito Y, Kodama T, Tatsumi T, Yamada T, Takehara T.
Factors involved in gastroesophageal varix-related events in patients with hepatitis C virus-related
compensated and decompensated cirrhosis after direct-acting antiviral therapy.
Hepatol Res. 2024. (Epub ahead of print.)

WiE AR
Hasegawa K, Nishio S, Yamamoto K, Fujiwara H, Itagaki H, Nagai T, Takano H, Yamaguchi S,
Kudoh A, Suzuki Y, Nakamoto T, Kurosaki A, Kamio M, Kato K, Nakamura K, Takehara K,
Yahata H, Kobayashi H, Saito M, Fujiwara K.
Tegafur-uracil maintenance chemotherapy post-chemoradiotherapy for cervical cancer:
Randomized trial.
Eur J Cancer. 2025; 219:115304. (Epub 2025 Feb 15)

WRED MR
Goto M, Nishimoto K, Jougasaki Y, Matsuzaki T, Tanaka T, Nomoto M.
Heterotopic salivary duct inclusions in Warthin tumor - A cryptic histological finding involved in its
pathogenesis.
Pathol Res Pract. 2024; 263:155560. (Epub 2024 Aug 29)

12



W R O RS R
Takayama H, Yoshimura T, Suzuki H, Hirano Y, Tezuka M, Ishida T, Ishihata K, Amitani M, Amitani H,
Nakamura Y, Imamura Y, Inui A, Nakamura N.
Comparison between single-muscle evaluation and cross-sectional area muscle evaluation for predicting
the prognosis in patients with oral squamous cell carcinoma: a retrospective cohort study.
Front Oncol. 2024; 14: 1336284.

WA EESH
Goto K, Kukita Y, Hishima T, Matsushita S, Tsuyuki T, Makihara K, Koga K, Mukumoto S, Honma K.
Primary Cutaneous NUT Carcinoma: Clinicopathologic and Genetic Study of 4 Cases.
Am J Surg Pathol. 2024; 48(8): 942-952. (Epub 2024 May 6)

Fujimura T, Yoshino K, Kato H, Fukushima S, Ishizuki S, Otsuka A, Matsushita S, Amagai R, Muto Y,
Yamazaki E, Kambayashi Y, Yahata T, Miyata T, Fujisawa Y, Asano Y.

A phase II multicentre study of plasminogen activator inhibitor-1 inhibitor (TM5614) plus nivolumab
for treating anti-programmed cell death 1 antibody-refractory malignant melanoma: TM5614-MM trial.
Br J Dermatol. 2024; 191(5): 691-697.

Muto Y, Kambayashi Y, Kato H, Mizuhashi S, Ito T, Maekawa T, Ishizuki S, Uchi H, Matsushita S,
Yamamoto Y, Yoshino K, Fujisawa Y, Amagai R, Ohuchi K, Hashimoto A, Fukushima S, Asano Y,
Fujimura T.

Three-Year Analysis of Adjuvant Therapy in Postoperative Melanoma including Acral and Mucosal
Subtypes.

Cancers (Basel). 2024; 16(15): 2755.

Aoki M, Fujii K, Yamamura K, Matsushita S.
Proportion of Japanese Patients with Multiple Basal Cell Carcinomas: The Effectiveness of Screening.
Journal of Plastic and Reconstructive Surgery. 2024; 2024-0034.

Saito-Sasaki N, Aoki M, Fujii K, Yamamura K, Hitaka T, Hirano Y, Nishihara K, Fujino Y,
Matsushita S.
Age over 90 years is an unfavorable prognostic factor for resectable cutaneous squamous cell

carcinoma.
J Dermatol. 2025; 52(1): 183-186. (Epub 2024 Dec 27)

Nishihara K, Fujii K, Aoki M, Hirano Y, Inoue A, Yamamoto S, Matsushita S.

Combination treatment of cultured epithelial autograft and meshed full-thickness skin graft for giant
congenital melanocytic nevus.

J Dermatol. 2025; 52(4): €268-e269. (Epub 2025 Jan 16)

Kawamoto H, Fujii K, Aoki M, Goto K, Ikoma T, Tozawa T, Iwata M, Goto M, Nomoto M,
Matsushita S.

Ultrasound findings of endocrine mucin-producing sweat gland carcinoma mimicking epidermal cysts:
A case series and diagnostic challenges.

J Dermatol. 2025; 52(5): 939-942. (Epub 2025 Mar 7)

Nishihara K, Fujii K, Aoki M, Yamamoto S, Kawahira S, Matsushita S.

Transurethral resection and oral mucosal grafting for urethral-involved extramammary Paget disease: A
function-preserving approach.

J Dermatol. 2025; 52(6): 1094-1097. (Epub 2025 Mar 26)

[ PSeSER!
Okuda R, Utsumi S, Tanaka H, Takama T, Kakihana Y.
Type 111 Kounis Syndrome Caused by lodine Contrast Media After Improvement of Allergic Symptoms.
Cureus. 2024; 16(3): e55514.

13



W2 R SHRE
Hamada K, Fujibuchi T, Arakawa H.
Optimum delineation of skin structure for dose calculation with the linear Boltzmann transport equation
algorithm in radiotherapy treatment planning.
Radiol Phys Technol. 2024; 17(4):938-946.(Epub 2024 Sep 9)

Soai Dang Quoc, Fujibuchi T, Arakawa H, Hamada K, DongHee Han.

Produced radioactive isotopes, ambient dose equivalent in TrueBeam room with flattening filter (FF)
and Flattening Filter Free (FFF) modes: Monte Carlo simulation.

Applied Radiation and Isotopes, 2025; 219: 111704. (Epub 2025 Feb 7)

Q@ MXRE-ZEEZE

XKEEZ, FBEAN, KEFXth, 8 & IWWT#S, SRER JIVESEN, SEESE
FHTERRLRREIENA RV EFIZHT BT RIS EFASEEE
MoERat &l 77(13): 1085-1089, 2024 £ 12 B

ZREA, Ik =X S FE WUTHESL YTAER SHEF
1gG4 BB RIEMRIZ B ERRED 1 FHiHI
AREZE. 64(4) :55-59,2024 &£ 7 A

HARE) 75 48
DR RN ZARE
FHTFEE. 81:16-19,2024 A 12 A

HARIEX
FENE ER-REBH(EHR) D. Ik 4. QT ERMEIREE. QT EiEEIRE
INR - ERIRES S RET 5 2 R, 563-569,2024 &£ 7 A

HZHBIE
HLWVE S RED S48
EREEARESR. 56:7-9,2025 F 1 A

BEREZ, ZXAEN, Bx=A
ORISR~ BN E S - LI THEEED 14
BRER 51 F1.79(13): 1427-1432,2024 % 12 A

SiEE#, BREE JIFERE, mEER
TR EE 2 HDh o= HiEEE D — 5l
BREBEFBARERIHS. 33,2025F3 A

HEE#
HSIL [ 2 AR EL —F —RET O AR BB RICHT 5K
BREBEFBARERIMS. 33,20205F3 A

NEHBE, SRR, BAETE HEEH
FERHH®ZICEREL VAIN EH QA ERZADKRE
BREBEFBARERIMS. 33,2024 F4 B

BREEE HEHT, BAFHETF, BRK—, MEEEX, LEE—, LOSOH, FF 2 BEAKE, 2E2
&, Bf—E(AANVEURER CGABREHT X5 IL—T)

NBUTRABEIES (F4IR)

BARNDEUfRESHEE. 93(1):28, 2024 £ 4 A

14



ZHZET, BHES, KB, FHRMR, LERF, KHEEF, #HARENH, KAREF BRE—F, &
RIRER, BRIE—, PAEE

LEIEHRE 40 FROOBOEREEICHS T ABEEFMOBKFKI MR

BAOZHPEHMEE 49(3):209-217, 2024 £ 11 A

WTFEA
BERICHELEEOBRKES 455 FLAPIEERORFM/S—Jz V14K
Visual Dermatology. 23 (12) :1122-1127, 2024 & 11 A

WTEA
EEMBREOUBRY—CY —BARALBADEN—FENVETF update! BEBHSEEDAE part 1
Fe Lo R 68(2) 1 127-136, 2025 F 2 B

WMTEA, #E—=F, BHEX, FHEF, aIXKi#, ATEESK, KENE, KHERE, MMEEX, EFS
WY, REIEZ, & FEE, sIEEXR, N BE, HELE, FSESHL, FHEX
EENAZEIARSAVE 4R AENNCyMRZEH RS 1> 2025
BAREMPZEHARSA42.135(1);1-36,2025 £ 1 A

FEAEF BAEE FEEA, £EFRE RTEA
EEMENECEOEWARTICAONREESER
EREMER. 64(3): 16-20,2025 F£2 B

EREA
BEREEEREVI—TONEERAAT /N1 REEDIRIK
EREMER. 63(9): 9-11,2024 &£ 9 A

-
B2 ES—RAREAT1 SILEHMEICRAERMZELA>T- 20 RBM
hhd ! 5x6H5 | IDERA A FEFIAEEE Q&A. 58-63,2024 & 11 A

-
NAFRTUTILHEURRERIRSS AR DK E
BARNAARTITIVES SRETNAAITITIL—EEME—1.43(1):34-37,2025 F 1 B

*k BH
NAEDEENE—BIRENA, BRIENARRIZETALUNAFZIJEREEZHIC
. 75(8) :1230-1234, 2024 &£ 7 H

FAHER, LD &8 ARHGF BEFEHERXR, BB AAXREF BIEEK
Gemella morbillorum (2 &2 FHIEZE FE o= BREHDAIE LD 14
BE RBRERIM. 49(3) :237-243, 2024 £ 6 A

HEHER, HBENME HEENHE, AHES, FEHEE KEBZF, ARWF BAAEETF
FSURBALFURLTIOAR—LR(IHITH R IO—REODFREDRE
EREBE. 73(2):215-222,2024 £ 4 B

FEEFES, BB, WO 8 57 4, 88 R, AAXRET
HROOFT DML RAHREEREDBRKNE AEORE
EZEE. 73(3) :460-466, 2024 &£ 7 A

BEEE BBNRTF KEZF BAES ARGTF BHEHER BT BAAERETF
MERELEREE EREICTRABZEZ=7AILIED 1 EH
EZEZE. 73(4): 800-806, 2024 £ 10 A

15



=25E—

R O KGRI R E RSN

Association of occupational direct radiation exposure to the hands with longitudinal melanonychia and hand
eczema in spine surgeons a survey by the society for minimally invasive spinal treatment (MIST)

TR BRI EER S SE. 24 (1) :45-50, 2024 £ 4 A

=BE—
HBEEE-MAHRHEDT—HATR 2. REHRIHERKRR
HARMEHERMTESH#EE. 80(10) :1077-1082, 2024 £ 10 A

EEE—, EAF, KHFIMA, mIIFE, B, MEEE, WEBA, KB, WH#EHA, SHEA
XREICEITBRFHEREDIZE L PEFTICKIERDRIZDONT
NNE LRI DBEIRSTRERENEEE. Noldl: 4447, 20255 1 A

XERF
EBEBBICBTET 20 &EHA~DINQL & LFIZHERHS !
BFl 7—RATR—Tv—. 26(1):10-15, 2024 &£

Q@ FEER

Eﬁlﬁii%h\ th%EJﬁt/@ o)ﬂéﬂiﬁ

<ERRZER>

Tagata K, Nomoto Y, Tao K, Kataoka T, Ohishi M.
Abrupt cardiac rupture of the patient with ATTR amyloidosis
The American Heart Association's Scientific Sessions 2024, Chicago, 2024/11/18

Imamura S. Kataoka T, Kubota Y, Kumamoto K, Fukuyado A, Tagata K, Fukunaga K, Chaen H, NinoomiyaY,
Takasaki K, Goto J, Matsumoto H, Sonoda K, Baba Y, Hiramine K, Sonoda M, Tanaka Y, Tokushige A, Oishi M.
Mid-term Clinical Outcomes Following SAPIEN 3 20-mm Transcatheter Aortic Valve

Implantation in Patients with Symptomatic Severe Aortic Stenosis

The 89th Annual Scientific Meeting of the Japanese Circulation Society (JCS2025), Yokohama, 2025/03/29

Ljuin S.

Survey for Predictor of Improvement of Mitral Regurgitation Grade after Transcatheter Aortic
Valve Replacement in Patients with Severe Aortic Stenosis.

The 89th Annual Scientific Meeting of the Japanese Circulation Society (JCS2025), Yokohama,
2025/03/30

Ijuin S.

Investigation of Nutritional Status before and after MitraClip: a Single-Center Retrospective
Study over One Year.

The 89th Annual Scientific Meeting of the Japanese Circulation Society (JCS2025), Yokohama,
2025/03/28

Sato T, Tsuchimochi Y, Hamada Y, Kawabata Y, Iwamoto K, Takaguchi G, Matsuoka H.

Total Small Vessel Disease Score Is Associated With Intraventricular Extension Among Patients With
Intracerebral Hemorrhage.

International Stroke Conference, Los Angeles, 2025/02/6

Sato T, Tsuchimochi Y, Hamada Y, Kawabata Y, Iwamoto K, Takaguchi G, Matsuoka H.

Lower High-Density Lipoprotein Cholesterol Level Is Associated With Hematoma Expansion Following
Acute Intracerebral Hemorrhage.

International Stroke Conference, Los Angeles, 2025/02/6

16



Yoshinaga M, Ninomiya Y, Tanaka Y, Kato K, Ohno S, Takahashi H, Ogata H, Nagashima M.
Circadian changes in corrected QT interval in children with long QT syndrome and healthy volunteers.
The 70th Annual Meeting of The Japanese Heart Rhythm Society (JHRS2024), Ishikawa, 2024/07/19

Sasaki-Saito N, Aoki M, Yamamura K, Hitaka T, Hirano Y, Nishihara K, Fujino Y, Matsushita S.
Age over 90 years is an unfavorable prognostic factor for resectable cutaneous squamous cell carcinoma
20th European Association of Dermato-Oncology Congress, Paris, 2024/4/6

Matsushita S.

Surgical Management of EMPD~ Anorectal Function Preserving Surgery in Patients with Perianal
EMPD~

43rd Annual meeting of the International Society of Dermatologic Surgery, Kaohsiung, 2024/09/15

Matsushita S.
Optimizing Surgical Margins and Reconstruction in skin cancer: Evidence from Japan.
The 30th Korean Society for Dermatologic Surgery Congress, Seoul, 2025/03/15

Ninomiya Y, Kawasoe S, Kubozono T, Sai E, Nuruki N, Enokizono K, Kamada H, Yoshimoto I, Iriki Y,
Miyahara H, Tokushige K, Ohishi M.

Smoking cessation is linked to regression of electrocardiographic left ventricular hypertrophy

The American Heart Association’s Scientific Sessions 2024, Chicago, 2024/11/18

Ninomiya Y, Kawasoe S, Kubozono T, Sai E, Nuruki N, Enokizono K, Kamada H, Yoshimoto I, Iriki Y,
Miyahara H, Tokushige K, Ohishi M.

Smoking cessation is linked to regression of electrocardiographic left ventricular hypertrophy

The 89th Annual Scientific Meeting of the Japanese Circulation Society (JCS2025), Yokohama,
2025/03/28

<BER#ZEz=

REBER, 8XkHE, BAEA BaiEE EAMHG BENE, FTEEX, BEE—, EBER KA i
LERD TAVI EITEED 2 EFHROREE
% 345 M AARARFEESAMMAS, B, 2024 £ 5 825 B

A R B

BIED /N IL—AEIRE 20-mm A THDOERZER
E 13 BANSIFY—05T-Or\UAMKTES, 8, 2024 F 6 A 22 B

BAME, AEEMR TEEX, BHER BHSE—B, X F2, BfME, FaxiAl, fHFA BAE
A BriEE E@AMFE KB Xk

ATAZIUKRED LF-LG EEKRBIARFEERE B EIT0L T ECMO H7R—kTIZ TAVI Z#5E1TL71= 1 6l

%F 136 B ARRBFZESAMMAS, ERE, 20245 6 4298

BARA AEEER, BExRE EEMESE AHEA BanAH BAkHE BBMNE, TFREAN, IE 5,
ERHEE KB I

NIRE T HE BT E 2D TIOAR—2 RN B Lo 1=—15I

¥ 136 A ABIRFESAMMAS, ERE, 2024 FE6 A 29 H

AR, BkHE, BFaaAR, BARA BREE, EEHMF FTEEX, BRE—, AFz, BiFE
B BEMNE KAE ¥k

TAVI HETEEIZH TS 2 EFHRDOEERF DRI

B 2 AEARLBRESEMESR, ILE,2024 F9 A 29 H

A R B

ZH - ARICERLR G TELA oS (BN T EAR. DRAEMS 3V -HRRE)
% 10 [B] Pan-Pacific Primary Angioplasty Conference 2024, BE, 2024 £ 11 B 15 A

17



BEME, SEEE, BKkME —sif— REFA, SFE— HABA R@E EE T EHMEEFE K
A I

LRICHITEHEN EE O EEREIRAFILEIEES =T S TAVI AEDEHARKE

%347 BAAARAREZER AMthAR, BEXR, 2024 F 11 B 17 H

HAEEA, AEZE. BEE. EAMF. £E B, SHE—. BXkHE. XEFA. BENE, KA *
ERMBARICARZELI)—RFLAR—ZAA—H—ZEHDRART7ZHAN TR TE=—4I
¥ 137 A A ABERBEZSIMNMAS, FIFF, 2024 F 12 A 14 B

FHLREIK
FERZRICEVEZ AAH B RS SERIEEZEH TON-EEED QT EMEREICEDIDERBIO—5I
% 136 AABRF/EES MM A SR, BIRE, 2024 F 6 H 29 R

FEFEN
IMEIEICE S T-BIAER ) 2/ SBR MDA 2612 ECPELLA BEEZEITULRSGLI=—5I
% 136 I AABRFFEESNMNAR, BIRE, 2024 £ 10 A 26 A

EBiRE
FDG-PET A\ ZMICHMTHo=B D REBDO—HI
8 136 IEABERBRFIAMNBAR, BRE,2024F7A1H

KILEX
FEREfERR It NS FREUE D B B M RENARAZ B (3T L TEE R TEVAR [Z T A L= 5EHl
FE Y EERENEAEFZESFEMESR, BIRE, 2024 F9A 148

15 Bt
Chain of survival DA ZHIZHEREL THE TE-5 Ca MIEIZ&S QT fEREHREIRE D VF survivor D 1 FEFHI
E I EEREMEEZRFMER, BERE 2024F9A 14 H

G=ESS
T+ I45F—av7ER R ICEIELT: Kounis FEIREE T B D 1 4]
FE Y EERENEAEFZESFEMESR, BIRE, 2024 F9A 148

FHEDK,
EBHEEZDKXHRVIFREILIZHE-EEEDRZERXEDAFED 1 45
FE Y EEREMEAEFZESFEMESR, BIRE, 2024 F9A 148

[RE &
Mitral annular disjunction #IZ R Z F-{E 18 & AR fE (5 B 141D MR K D — 45l
% 137 ARAERGSFRIAMBAR, FIFF, 2024 F£12 A 14 8

PR
J—RLRAR—ZA—HHEZAFHEDR— U FHREDHEIC DL TOEE
¥ 137 AR ABRBZS M AL, BIF, 2024 £ 12 A 14 B

FHELR
EEFRUIRMAZEMUI-BEE ORAZEMIRRE D FAE D —1F]
% 137 A AARBRFELAMMAES, BIFF, 2024 F£ 12 A 14 H

ARER
LIRICHITHHITHE A B XBIREROZERRE
£ 55 BAADRELENHFESFMEE, T/H, 202542 208

REFXHh
BHiRLIENEIT o B REIRE A LI E & BT D®Et
£ 55 BAADELENHFESZMEE, T/H, 202542 208

EHE, BETHRE, NESHE, 58 85 JIMEHEAER, SxER, £E RS 50 B, 518 1§
CAS [Z®9 % Alternative Proximal Protection Method M ;&R &
F 40 A EARMERNAERES AN AS, 186, 2024 £F3 A3 H

18



B RS, WARSE, EREN, 58 8, IUdhREe, IMEAR, SxESR, EEEH B0 B, SIE 1§
M2 FAZEIZxE 9% Embotraplll® distal basket DA DEBHEREIAT—TILOGRAICLLBEBIE
% 5 mMBAARARARMELRER, 18, 2024 F8A23 B

TEHhE, WEFE, EREN 58 5 JIMHAR, AxER, EEER 50 Bl 58 &
M2 FAZEIZxE 9% Embotraplll® distal basket DA DEBIEREIAT—TILOGRAICLLBEBIE
% 40 [B] NPO jE A B AR #ZMEREEESREISNET2024), HEAR, 2024 £ 11 B 21 H

EEAMS, JIMMEAER, BiEs, EREN B0 Bl LBHEE MESE ARXE, wESHE
CASPER stent ALV =EEIARR T B E M DO fiTi% DWI BB1EGI D% A 1REE
% 40 [B] NPO jE A B AR MENEEESREJSNET2024), BEAR, 2024 £ 11 B 21 H

ERES, ERER IBRE AKXERL, =8 8, LdER, ExES, JIARAR, 50 B, RAF
#, SIg 1%

DEMBZE T SEEANHMES OB OHEEFNERR: BEERBAIMEIR—MER

% 50 B HARREFERZAES, KR, 20253 8 6H

EREE, AKRERLT, THRE S8 8 aaESR, JIUERAR, EEEHA 50 8, LEFE 515 F
DOT (Distant Occlusion Tracher)#{& (S 444 #9 (142 BIRFEEICH OV TEENEMIZEEET S
5 50 B B AR ZEPZERPAMES, KR, 2025F3 A6 8

MNERESE, BERE, I MBALR, SxER, EFES 50 B, LESH
ZHRMEBEICHESTIRNBIARE AR EFRELT: 45 BRI
5 247 B A ARMERESAMAES, 1B, 2025%F 3 A 158

B £ERE EHHAE AKERLT, JIIMEHKRE, SxER 50 B, LFEEHE, S8 1§
Total small vessel disease score |LiXH MIZF 1+ ZIHNEZEHIEET S
% 50 B ARNEZEFFRFMESR, KR, 2025F3 A6 H

EBREE, TR E, BRAS, AKERRL, JIIEHRAER, ExEs, &0 Bl LEEHE S8 &
{& HDL AL AT A—/LIZ A HANE Mm% o migdh KIZEET 3
% 50 B HARERERZAES, KR, 20253 B 6H

Bt

B £ERE, BEHWE AKERL, JIIHBHBKER, 5
Fibrosis-4 index LiNH MMM F i L MiE=
% 50 B ARNEZEFFRFMESR, KR, 2025F3 A6 H

R, B0 [l wEFE Se

ol
N

AKRERL, EBER, THRE, ERERE, )AL,
AlRZOEMITRERME MO FEIZEETS
% 50 B HARERERZAES, KR, 20253 B 6H

B0 B RS, SIS E

i
ol
i
it

TEHERE, EBEH AKEBL, FEBRGE, I EBRAER,
BEE AR ¥ JiE Fixi H Iin & Aixd /1 Ifn 5 97 OD B 4%
% 50 B HAREFERZAES, KR, 20253 8 6H

B0 B RS, SIS E

i
ol
i
it

EXKIEX, ZEMREF, EBHHRAE NEEE— XHEF SBFA, BAH8k RIBLEE
QTEREFRHER, BERICHTAMIE QT MF (QTc ) MBRNZEHIZETAHE
%F 60 A HA/NMNRRBIRFDELSLRE -2HIELR, B, 2024 F7 A 11 B

H#%A
JILYVHIRT ¥y GTP METLIRB AT AR REFESI T+ 20 FHED 19 Bl
F 60 AEANERRIRSFZFSRS -FMES, B, 2024 FE7H 13 B

BlmE ST ARBEF, 5FHE, BPHAE

FAEY U HRAOEESARRBR T av It -EMREEESRZRT T 71455 —
F 187 E/NEHEEEREMMAR, BRE, 2024 F 10 B 20 R

KERA, M ¥ REOE— KFERL
REBEZICHFEEEZE CERL, V0RO IEIZ&YITFRIEEOHE/NERH - ATL OFEH
% 86 M BAMEFLEMES PIHTES, HA,2024 F10H 13 8

19



AARE, BH—R KNFEL
YfEIZ&H(T5 HBs ARG IEEICH T2 BER AT LOARKEORE
% 346 BIBARRFR HEMAR, ABX 2024 F£8 A 31 H

HFNBE, EH—F NhEE FE—# FALNE &% X #AFEH
LERIZH TS HBs RBHEEICH T2 L ERATLOERE
F 124 A ARHEERRFFSE AMEZEHIS, BIRE, 2024 F 11 A 16 B

B ORER, R O, Rk MEEH
ZBRIZ DWIBS 2R AL FEXRED—HI
F 76 AIAARERIBARZES, KR, 2024 F4 820 H

HEER, H ER, SRR, JIFEME, EERX
LR TORAREENIZH T3 DWIBS & PET O HLE IR ST
F 66 BIAAFARIESER, BIRE,2024% 78 198

SiEERE, BRETE JIEBRE, Br=>A #wEEH
Bk LR DR EELIINRERZD—F]
F 151 BEREEERBARES ERE, 2024F 9821 H

MNE#HBE, SiEEd, BREt HEEHR
FEFEH%D VAIN EH DT
FI2EHEREEERFEARER BERE 2025428 1H

TEHCS, kB %, E£EE, BIUFEH
RS ERERED 2 FEH
£ 3 REAEREERE, HRE, 202459 H27H

TEHS
LRHTE T8I R RRFHER D RES
T FEERSRMANEKRE BRE, 2024F 6 A8 H

EE=+
IAATSRATRELICRYBIETEMREE R EFIELT= 1 4]
SHo EEERERRMSHRE, BIRE, 2025F 1 A 18 H

SH O %AKE, #iF B ALBE, 1k B
Lo A—EABREICH T A0ENENRFTREN T ELITIVEZIILEAADN A
BARLEBMEREFS £ 29 BEMNESR, 5,204 F9 A 22 R

BBEE HLHF AHEF GRK—, WEEE LBEE— LWOZPH, AR 2 BAKE, SB@8E,
B#i—B(BARN\CEURESAREHTD XTI L)

N RABERHOBRET (FE 4 M) IZONT

%97 EBAARNCEURESHRE, ML, 202456 A 14 A

AR, KAREF, AEEF, THEEM, BKFLE SHEh, FEMLR & #A
BREERtUS—IIETHLEAIREF I EE TN SEME O REEEEE
%21 HEARORS7ERRE -FMAR/E 4 AEROAR77FSBR-FIMKRE, RR2024 548278

PR KARNEF, BAFcHE, SHEth, FIFTEER @ #E
BEREEREVA—IZHITEEEDEFIEEBE ICx T 5 EME OE#ESE
BAZEEHEFSE 35 BAEMKE, FLIR, 2024 F£6 A 29 A

fEkFicE, KaNETF, PHEHR 7 RKE
BEREERtEVA—ICHITAOBS TSI IOUREEOORKEERIZOLNTONH
BAZEEHEFSE 35 @AEMKE, FLIR, 2024 F£6 A 29 A

R, KAREF, SHEth, FHEIE BaRETF, 8 HE
EREEEtLUI—IZHITEEEE O D EFIEEF M 203 2 B Ok s T B o REt
% 78 @ NPO ZABAOBRRZEZ2MES, RR,2024F7H 20 H

20



MTEA

EFRENBEDNDT—43vFTake home flaps ! | [My favorite flaps |
40 AEAREBREESFRFMAR, BB, 202458 108

WNTFEA
DURDOLATHEDEW ARl EHSDBHEARE
F L EHAEREERZERE -2HMRE, BHE(Web), 2024 £8 A 30 A

BTEA
2024 FEFTEHIZEAA—&AVTA—HBHRE RENHEANDE~ERBEBAADI=HDOOIT THAUA A~
£ 76 AIAAREMNFSAEIITERE M&M B, 5,204 98 7H

MTEA

RENAZEIZEBIT3FEMBEE~aVET N EREBICROONDFEHiFHKR~

F 7T RHAEEHFEAHREHAR, EE,20245F 988 H

WMTEA

SEEIEM T —o ayT TRIEE- IIFEIER 1T 3 A MEE S FE M I AZILESN NPy MEIZX T S ESD
FHZwHE AW -IIFEEE FEF i

% 62 M BAREABRESFMESR, 18,2024 £ 10 A 25 H

WNTFEA
BRENATARSAoty a3 BT TyNE]
¥ 42 A EAREREENHESBE -2 A=, I, 2025F2 A 228

NI
MEHEEAVIIFER N oy MEOH-LBFH7I0—F —FIFIILTVD
5 42 I BARERKR R ENHFRRE FMASR, I, 2025528228

MTFEA
RENAZEDITIL~EBEESA—ANVEYICRELABREEZ D~
F 16 AAREBERESR AR, K57, 2025%F3 A2 A

BAREX BRTEA
COVID-19 OFRATNEENAEEDZLEHHICE R -2E-
% 67 M EARBNHESRE 2SS, #F, 2024 %4 8 128

BAEE, BEAE, IWARKE, IWHFMEKE, INGEX, ERATETF, BaXE, IRAH—, 5 M, &
TEA

COVID-19 JRTHIZ THD R ENAFH D HTS

F 4 EHAEEEREEFSFMAE T, 2024 F£5 8 11 8

BAEE EAERL, FEEA, AAXEX, £BFRME, A4 LTEA
BEHEICB TAEENAVAREORBEEOEEY
BAEERZEE 197 AEREMAR, BIRE, 2024 F 6 B30 R

BAEX GHERE, FEEX £HRME AARX, BH—8% BNTERA
REEBLOBHNEETHIREDHEET RIREMER
5123 EAM PR RES RS - 2WER, 8/, 2024 57 A 20 B

BAEZE RTEA
EERICEMEELZMEAZ/—ID 2
B 124 @A RN R EZEEMESR, BBR, 2024 F 10 A 26 H

BAEE THEE EHER, FEEA, £BRME, AXEX, R TFEA
REEE - BRENHEZSEFEMBTRD-HDEYEH
F 1IN EHAARAEENEZEEREAR, BRE, 2245 128 1 H

21



A
T A >/ \EE DA BRI
F40EBEAREELESFR, 2K, 2024 F 58 108

BAREE, EAKRSEF BEBEN, KX B, SNIEE FEREE, IWARZKER, BEEL MTEA
ISRt MR EBEEL=TRIUUED 2 5
F 40 A HAEEEREEFSZMAE, B, 2024 FE5 8108

ARRE, BAEE, IWARAR, JITFH—, BEH—K HERL RTEA
RERHEHSIRE Oy MEIH T SRRENYIRHTET 1= 4 EROFED
F 39 EAAREENFFERMBR- MR, RH#,2024F 7868

ARRE, BAERX EAATEF, WARKE, BZERIL IRTFXA
SRR T+AEY AR THRBETH A MMV RBERBERELERRFEAS/—<D—HI
%76 AIBARERFSBEMIALAMASR, H8,2024F 9878

ERARTRF BAEE, UMEAR, BEXE, 5 # ARRE, BHEA LTEA
90 UL DEEEEICHIT S HIMAED T RGN
39 E RENMFSBRER-PMARE, RE,2024 76 B

AARX, BRAEX, £8RH, FEEA, EHERE, LTXEA
Endocrine Mucin-producing Sweat Gland Carcinoma @ 3 {5 DEH R &
410 [E BARERFSERMAR, EAM,2024F9F 298

EHEE, KBIERL BTFEA
pseudolymphomatous folliculitis Z£&>7= 1 5|
F 197 ARARENFREREMAR, BRS, 20245 6 A 30 H

BEER, RBEEAS, BXREN
AT EENLEESTRAAT —TIVEANERFZTof=—5l
5% 54 AIBABEPZRRAHER, FHE,2024F9 A 288

EBLXRE BEER
Leriche fEM&EFIC DR EL-ARBRARIMTHRER T 2B HICHLUERERAAT —TILERALI—HI
5% 54 AIBABEZRREAHER, FHE,2024F9 A 288

Y
"JOA”(2023) — = BME I ARmXIEIINIZ—
F 70 AHATERODEZRPMESR, €R, 2024578 188

FREHE BUBTF EERETF BiEcs o REZT, IF #
BREEEDIZ/IAILI—EVTNEH=—5I
F 17 ABENEREXSESR, RR,2024F 5825 H

BUBF, BRER LEHRETF L2EBK, ILKE—
TREEAYA DERGLAN =3 1B Hil it Fi i AR D& 5T
F 17 ABENEREXSESR, RR,2024F 5825 H

EEs, EAERE, XEEEERKD, SHE RORE EHEKR LUTRt
ERREITHEVAEAMREERTIEEADENMT TN AIZKYERENLBON-—1F
F 17 ABENEREFXSESR, KR, 2024 F 5826 H

EFEE, WEE—, E2EK HKER

WHRTOERIZBFZETINYNEDDOBRYBA — BERENREERLE-EH—
£ 26 AERTRAUAVIMESZMAS, 18,2024 F£6 A 21 H

PEBRAF WHE—
FRE— R CONAEREEL DAV E B ESODRNEET HEDBR
26 AIEBEIRDAVNEREMBE, 18,2024 F6 A 22 H

22



R EE, WRE—, SkitR LzEE EEEE ZFREETF AEHT
HMARNDREEHBETSHALETEYYN\YRRENGIES-— A%
FI0EHAEERREMERZMARE, HiH, 2024 FE7 820 8

PEREF EREEF KEAF LUBE—
Q—REEFIR 54224 - LT Kounis FEREE 111 B4 FAELT-—EH
F B EAMUOERERE, ERE, 2024 F 10 B 13 A

LB, SHELE BEUBTF CEREF KEHTY ZEREEF, UWKE—
FIVE/ ) REEDERIREEFELEFOREHY
FIMOAEBREFRER, TE 2024F 1182 H

FREHE BUBF KERA, EERFF, AT, KFEL LWKE—
SEIECERBSICEABRIRET BRI L TR—RA—H—IBHIAA M LY BRBEETITHZ=—15I
FIMOAEBREFRER, TE 2024F 11 A3 H

Fk B, AtREE, WEE—, JIEFEHE
BENABREICEIT2HERE I B CHREVRAIRFORET
EIMENEBREZSESR, TE 2024511 54H

BT ZREH CEHRETF L2EBK, LWKE—
MHEEA A CCRT FAIZH TS CDDP BEER. BRESL ZAKRBITERICEAT 515
F M ONEREFSESR, TE 20245 11 A3 H

BRHE BXEE TR, BIBKE, AMxX, FREF RE*E, B4AHS
AORKRLIBAHIROZEICET 5 LR LR B ARMMAE
B 72 AAAMEREIZEATARTIRE, MF,2024F 11 A 15 H

PEREF EREETF KEHTF, UBE—
Q—REE IS 54 224 LT Kounis FEIREE 111 B4 FAELT-—FEHI
E 78 BMEMFRREEFES, Kik,2024 £ 11 B 18 H

EESERTF, KEMT ZFREEF, LWKE—

AP ERZS7ICEVEERZEBLESNIZ DD TEFIEEY ) — 2RV -RFiE-ERE OEENEEH
BEMLIZ DN >F=—14l

% 78 BIENMFIRREEES, KR, 2024 €11 B 198

ER 8 AfEH KExF FIBH—0A ARGEF BEHE KEES

EIEFEEERYBELEERNICERGMiEZ S RHNIZRO=—EH
FSSEHBREAMZBEEREFZSR, ERE,2024F 11 B9 H

FISH—B, TAEHR, REFZ Bk £ RAFER
BERREN S ETHEICHRATH o RAMRIEBIIRED 1 6
%49 AIBABERREFSAMES, WE,2024F 78 198

hEXDNE REXE ARHT BFHER BEWE AAXRET
BEWELIO-RRETRBEZEAEEY 2/ ED—EH
%49 AIBABERREFSFAMES, WE,2024F 78 198

RBEFEC, L0 & WFER 5% & 28 R BENTE AAXRET

IRRE LUV E KLY M.chelonae Z4& H L1-—45I
F B EBAEFEREFR €R 2024F58 11 8

5% F, IEME REXRE WTKS, REEM, BOE Z)I#46, BEEC, 58 R B8BWE &
BEES

BHREHARIETHZEICHTIEE

% 29 HEIFRBRRRERAMBEAMESR, #I, 2024 F£7 A 6 B

23



5% 5
INBREEERD A )b TA)Yh ~ —EIHBERBRETARE ZOEH ~
% 29 AEMIFEREERRERMBEAMES, £, 2024 F£ 7 78

S & IEME, REXRKE BOEY FHEM 58 R HyBERA, RBREE BzA
LTIREEICEDHON-BEERED—5I
5 29 MEMIFERERRERMBEINES, E38, 2024 £ 7 A 14 B

IR, REXRKE, WTHRS, KFEM &5 & 28 R BEET BEUT REBAS
ROV BEE/ A=y I EEREL =3 R O
5 29 BIE AR R R ERMBEAMESR, MW, 2024 £ 7878

ErESE FEEDE, ARGF BFHER, BIEHE BAEET
impending paradoxical embolism Z £ fifi S ik (4% ZE 42 5E D —
BADLDIO—FP=, 535 BPMHER, FEK, 2024454 A 208

Sk, EAXE FEENE ARGT, BHHER BEIE AAEETF
ERBREICTERLA-AERNEREESTHRED 1 EH
T4 MHABTEREFZSFMES. WE.2024F 78 198

M St WL, EAXA ARES KEZF BETEX DEXDNE, FIBH—K ARHTF, BEY

1, REEA=S
EEEFELEED 1 fEH
% 29 EEERBAIMNES, B, 2024 FE 7878

Ryuichi Miyajima, Masahiro Mori, Daichi Ideguchi, Tomoko Hitaka, Takemi Watanabe, Satoshi Tateishi
Survey of multicenter exposure doses in diagnostic fluoroscopy and comparison with Japan DRLs 2020

55 80 B HAMSHRER M F S RSP M AR, #HEN, 2024 F£4 A 13 8

AKXBLE =E8E— BHEN BRESE EXREA
BREMAT—TILIDBBEARICES T2 8E - & REREDHT
% 78 BENRIRREESES, Kk, 2024 £10 B 19 A

INAEIR, EBE—, BREN, THEE
EGRAEREMEEFRALANEBELT—TIILERRER LOIY A
% 78 BENRIRREESES, Kk, 2024 £10 B 19 A

EEE—, EARDA, KFHMA, &Y I, HEHBA, WEEE, WHF 3
XBEBRZICBIT2BBREDHEREDZE/LOEHT JJ%I:DL\tﬁ#ﬁ%ﬁi@ﬁ;ﬁtliﬁlﬁ&b\'?
£ 1 B AABSRERRMZMARE, HiK,2024F 11 A1 8

THESHK mEE£E BEHEN EBE— £%H %
MRS o F 95741281+ % 1231-IMP Graph Plot 5D EZEIZRK DR
D 6 FEAMELFRIRBEZD BB RBETSZM AR, BEX, 2024 F£10 A 26 H

PREEZEMN AXFE EEE—, FHEN
MESHEENRERTHREETE
T 6 FEAMEREHEZRBSHRRA AN AR, X, 2024 10 A 26 B

ExEH, WOER TR E ERAEN, EEE—, WEESE, FHES
LR CEELEEFIEER R DARFIZHIZDOLT
% 19 EAMMEHRERRMTEM RS, B, 2024 £ 12 A 22 B

HBHE &
éll‘m@'DﬁﬁﬁEx/f&ﬁ‘ﬂEE{El &H%)E’%l:ourmﬁ%#
F 49 B BAR KRN BERBEMNES M AERE, B, 2024 %6 B 16 H

HE &
FENEIRICE T HHRIZDONT
2024 FEE2EERREBERR TFRIRBEIAMNIE FHAR, BX 2024 F9R 14 B

24



IBFESET, EEER, hzERF, Lz
LEED AR BB T2 EEEETOEHOIRINEEE
% 78 BENRIEREESES, Kk, 2024 £10 B 19 A

SERE ZERFETF BRET BEESE
BERBEEFIZBHR2H—CHILRAVEBEN BB EZ 22 ERF
% 77 BENM KRR EEES, Kk, 2024 £ 10 8 19 8

MAEF
INREHRPEERBRENREFT FELDEFEEERENICHITIBEE~DEE
£ 22 AENRIREENREFES, HE 2024 F 12 A7H

A ELD
ARBRDIT7IYRL RAERBIZHEITAHIRIREERE
% 77 BENMFIRREEESR, Kk, 2024 £ 10 B 18 A

BEELH, pHEAES ARAEER BRLEF
INRREETRHEAREBICERITA/NEEEREDEEERE
% 77 BENMFEREEEFESR, Kk, 2024 £ 10 B 18 H

B EW EEER ROER @aXH, tECHE FEEF BAEE bAX &
EEEEDOHIBEDANYRDEBREEZEZ5-ODDT7IO0—F~3alb—ay, BESHOUR, BESHY
KFzvHJRERWNT~

BAEEIADAVIESR B2 BAM-ILOESKRE, £5, 20245 12 A3 B

AR B NEEE AHEF FLUETF ERHDH, KD BUER
DSRA—MEELI RO BEMNBEMRITRO DX IE
% 77 BENMFIRREEESR, Kk, 2024 £ 10 B 18 A

SEVE, AEF, RIIEH BRAEF BLEF BHEE FOAEF
CSIRSYRLD WE IZHEEX 52 5ER
F 5SS M BAEFEFZIFMESR, BEKR, 2024 F9H 28 B

#HE B EEEE PHHF HPEER BO & STEHE

TAVI #2115 EE - RIEDBEITEOLSFEREEMDEFA— a0 DEL~TAVI IZEESBRCAEICSIT
AHELNEEMYETLOT~

% 77 BENMFEREEEFES, Kk, 2024 £ 10 B 18 H

RIEEBK, FH # KMEEEE, LWEREF, PIISH
ERERFOERREXEOEDLY ~FEMAEQOIa=r—a D EEE~
FESSEIHAFEZRFMER, BBEKR, 2024 F9H29H

LREE #HEEE EEEHTF SUER
IAFRICETIESHIRICESFEEEEMENEIEEMELOEE L OEBEETE
BEAREBEIADAVIESR 21 BAM-ILOESKRE, 58,2004 FE 12 A6 B

HoEN, BWERD, KTXRH, ARBEF, AE0H
FHIEREMOBEFHHROIEEICH T BB
EISEBEARAFHEEZSERKE, FLIR, 2024 F£10 B 20 B

HIREF, E B HhFEH
MARMBEORDEEEMIEMDEIRY - IN I TICEHTESH
BEREMZEZEZMES F 89 NEMIE, BRE, 2024 F9 A8 14 H

HOE—
ECPELLA #EL-BEHODHEICHL, 2REEMELTARSIUVBEMNRAISZAMICHNALE-—H
% 137 BB ARBEERBFSAIMNMAS, BIFF, 2024 £ 12 A 13 8

25



FILES, KiEEH, tHAERE, BER/NE MEES, HEEE
BEEBERZRELTORANEFORTAYIZLTNSIE
FI0EHAEESTEZESZMESR -LE, 8, 2024 F 11 A 16 8

mTAT, BgbP A, B)IIEH, KBAF FOKE
DIiNQL ZERA L= EBEX KIZR =B YA
F S5 M BAEFEFZIFMESR, BEKR, 2024 F9H 28 B

FEEBM
BB (NP) AESEDMTBREIEBICLITIVAZ LB ANE 2 BZEEIZ DV THEE
% 55 AAALENENRFSZMESE, T/H, 20252822 H

FERENEREEREI—DREE LIS

<ERFH
Ishizuka S, Miyamoto Y, Kawakita T, Maeda Y, Goto M, Ato M, Nagae M, Yamasaki S
Mycobacterium leprae reduces immunological “visibility”’by deactivating a potent PAMP
The 1st Annual Meeting of the Japanese Cytokine Society, Sapporo, 2024/7/25

<ERES
FEEWD, BB K%, IUTHE BHEE, hAXE FRHER, BEHX EBES, HL & BNER,
B M, PAEAR
MBI EZE ZMEERELTHWNS OO OEEEE, Y ILaRZ7, IL ML OBEDKET
BARZEEHEZRE 35 BFEM A%, 18,2024 F£6 A 29 H

RKERE, A REF(Hx), KAREF, = LB, hF#s #8 F
BEODEICEDN: 3 R aHET 2050 OEMEEO MY
E N EEAEAEBRIFSXRS, RR,2024F 8 A 5-7H

SBAREAN, FHZEN, EHA—, UBE—
NYRGEDZEREICH T IEEMDERLE L
EIMEOEREZSESR, TE 2024511 B3 H

@ HARE=
FEwE

k- RPEERICAREGUERZ B EENDETH>-—F
£ 1 EWILSBEGES— A TI7LUX, EIRE, 20248 A2 H

EE B
LEIZ$ 1T D TAVI(transcatheter aortic valve impantation) 51T B E D 2 F£#% F% DKL
%11 BRESEREHNI7FLUR, BRS, 20248 10 A 19

B H s
EMBOGUARD DEGFR{# F#ZER & ONE-SEG Technique
EMBOTRIP in Kagoshima, 'R &, 2024 £9 A 13 H

B H s
LVO D E %
Kyusyu Mechanical Thrombectomy Seminar (KMET), BEA, 2024 ££9 A 27 H

B Bt

TIGERETRIEVER O B& K {# F#ZER
TORA PROJECT, BEX, 2024 &£ 10 A 25 B

26



B H s
M1 Strategy from the REACT AIS Registry in Kyusyu
M1 Strategy from the REACT AIS Registry in Kyusyu, #&#, 2024 &£ 12 A 10 B

B E thts

LBRIZEITS AIS AEA &

KANEKA JFuii AIS SEBIRRETE, BEK, 2025 1 B 17 B
B B th#s

LBRIZEITS AIS JAEA &
£ 2 BEAIM AIS 37—, ERBE, 202545 1 8308

{EBEEEER
LBRIZH TR EDZEROERE
15 BEfMEILESHARS, BER, 2024 £ 10 A 13 B

JUHB#8 A AR
PTA #1750 EEELT= Giant cell arteritis related stroke
CNBIE%, 18, 20246 A8 H

TER

HEBIRERS KD EREIBIEIREE DR
SEFRM, EIRE, 2024 12 A 6 H

i3

At

FTIEE
BHRRA T MNEEMEICEBETNBIELI-ES
ARNI Web Seminar, EE!IR &, 2025 %01 A 10 H

i3

MEEH
BEAREETHLFRBEFMH
FSsOERSRERARFMBER, ERE, 202459868

AR, RREN, CEHAF KK B REREXF, WHE—

Infusion reaction SEMNZWAHVYFLITDIREEE DB EHIR(ZLHIRA T DR IE KO i

ENRREER ST FEREMRELHMIETSR 2024, &K, 2024 F£10 A5 H

FISF—BA, A X, LFERA PEXNE ER B BFEEER Skt BHEE X85

ARMF, BEIE, TEAS
BREBLII—NBRENFRATH -EEIRED 24
% 12E QEC, BIRE, 2024 F 12 B 15 H

WEER
SIEMEELICERL-SMBERD 1 E5)
FIMBEHEREEBETEEZHES REE), BIRE,2024F 78308

R 8 EHES KEZF, FIEH—B, ARGT BT TEAS
EEFEEERYRLEERNICERGZMEE S RENIZEDT=-—EH
F 346 DEREEBTEEEZMES (ERS:), BERE,2024F 10830 R

a5 F, IEER
FE 1R 7T - MR PR PRI
ERE 7NN ZARIESFITHE R, 8™ (Web), 2024 F 6 A 20 B

a5 5, IEER
FEHEREHERNDEEREEREERVI—EBRIRERCH T HHE
EREH NN ZAMRIEEFITHE R, 1B/ ™ (Web), 2024 £ 11 A 19 B

27

it

.

F T XE,



TR
RIBUATLEBAICE 2R Y MHEZIOED F~ LR TOEMNEREZ T~
EES BN Z ERIBEPIIHE S, 2R (Web), 2024 &£ 5 § 23 H

TERIAER
LEETOFRBVLEITEHORYBA~TFLIMIILRABREBILEZ/ A=y EEREL=31R O FE(E~
SHo EEEREENRAERI—T(R—5—BREE ERE(Web), 2024 £ 12 A1 H

FESREREN
FriEE D —15l
FIMSEHEREEBETREEMER, BERE, 202449 A 24 H

MAER, FEXEHE, FIBH—BB, ARGF, BIENE TFEAS
RBEIMERDOUEFEEERAED—F]
% 12[E QEC, BERE, 2024 F 12 B 158

EE 2 BAES XEAFF FIEFS—B, ARHT BB REAS
BIEFHEEERYRLEERNICERAZMEE 2 FHNIZED-—EH
F3EHEREBEEREFMER, BERE, 2024 4F 10 A30H

KEZF
?fﬂ SRABAR KB EREE D —B
FINEEREBEREEMER, BERE, 202456 A 26 A

LHEEA
BREMFMEEAZSHLEIERESITFELE O —ER
FIMREEREESTREFMER, ERE 2024 12 A10H

T%‘UJin“ﬁﬁa, FHEEERE HEEHE ARWF, BHLHER, BB BAXREF
BEREICTRRLE-EENERZESEMARED 1 GEH)
% 12E QEC, EIRE, 20204F 12 A 158

S LB
e IoO—RREICT= "‘#l EL-EEEZFRR LA = 14EH
F30 EEREBEREEMES, BIRE, 2025F 1 A 298

e St W, LFERA, fAMEs KERF BETEX FEXNE FIRH—8, ARHET BEY

1, Riki=
EFEMFFEEED 1 A
F3B EEREEBTEEFMES (L), BIRE, 2024 5 A28 B

LHEEA
EERNILERE R REEBE ERECHERELA -—ES
F351 NEREBEREEMES, ERE, 2025F3 2608

INKER, EBE—, BHEN, TEHEE
EGRAERE M EEFRAL-ARNEBELT—TIILERERER LOIY A
S 6 FEFAMBRFESR, BEE 2024 F 98 7H

B ZfEES
FrRE 5 BB

IDERATEN O R EAERST=0(
BREERtVS—% 11 BLE-MERTRAMBE, ERS, 2024411 A28

28



ZEFEA
EEGEBEESADES RS
BREERtVS—% 11 BLE-MERTRAMBE, ERS, 2024 F 11 A28

Al
ERBIZEIT2HEAA XN TOEAEICOVNTERD
F10EERBHRAETALAEMAES, ERE 2024 FE 531 H

FEEREEL
IVLARMRAIBLER E5%o7
Next stage for ARNI Conforence, Web, 2024 £ 8 A 20 B

B OBk
ARNI QR E|LEAF NETICHMOTETE
KAGOSHIMA ARNI MONTH, Web, 2025 463 B 4 H

Al
INEELE LVl 2—TO ATTR-CM ZHrIZDINT
W TRADT7IOAR— X 1IF—, Web, 2025 FE3 B 6 B

e ]
IDFEZERESH) Y LN
Heart failure & Hyperkalemia Harmonous seminar, Web, 2025 &£ 3 A 14 B

B OfRE
BREIZHITH ACS ZRFHDEIKEREIZDONT
Leqvio Web seminar, Web, 2025 £ 3 B 14 B

e
IDAREIZEITSH F4 BAIZDLT ARNI DEIEDF
KAGOSHIMA ARNI MONTH, Web, 2025 &3 A 25 B

YRER
#EITRVIIZR Y % EVAR
Medallion in West Japan2024, f&fE, 2024 £ 4 A 13 B

YRER
VALIANT O i FR#2 88
Medallion in West Japan2024, f&fE, 2024 £4 A 13 B

SRER
FROZENIX4Brauched RIHEIME& D Tk
¥ 57 B HAREN B EZESAMNBASRETIFIX— 13—, 18, 2024 £ 8 A 1 B

IARER
FROZENIX4Brauched K+HBIM& DY
JLL Plus(EhEIO>T>*Y), Web, 2024 £ 6 B 20 H

SRER
FROZENIX4Brauched O FI#RER
% 9 [@ kyushu Sargical Topics, #&fE, 2025 % 1 B 18 A

[N B
BEREIZH T 502 b ih 5@ H S E &%
IMZEchEEH 7L R in EEIRE, WEB, 2024 &£ 12 A 18 B

HARE 55 48

BREICHEITHREF DR
ALL KAGOSHIMA STROKE CONFERENCE, WEB, 2024 £ 9 A 17 H

29



[N B
MZEDTOR—ILIZDONT —F=HRT—ILESFEFZT—
SHNOEEETHABLESE BERE 2024 F 1286 H

[N B
DEREENEREZROIWEILIZAND ]
ZR-DBRZEOIWNEIEICh D], ERE, 202410 A 16 B

ARGz
SDM hRATARXRERE —ERMNSEZ DA AT YISV DEEDIT—
DUAL Seminarin RS, BIRE/N\1JJVKRE 2024 £ 6 B 27 A

ALz
WRBERZDEE —RATATIPI)ZANAFT—rDERESHT—
%31 BRRFEREERGFEES, BRENITJTUVRE 2024 F 7 16 B

LG 2
BRREBEEDRRE ~RELENABET~
M6 F£E HRKBEEILFTH (TN T)HHE, BEIRE(WEB),2024 £ 11 A 7 H

LG 2
HMETTS | BERAREEEDEE LTS —REMESICHISICRILEZ7IO0—F—
S 6 EE BRREEILFHICHRIAMERBETESR, X, 2024 F 12878

ZAEE
[SHEEAMEENHBEZERES I ~OSMKRE
BEREEAHMES (RIZZEMES EBIRE, 202552 A 26 H

S &
BEFREFEREICETILITIAZILEAANDRY A ~ LB N E SR RER 12T 27

A~

BAKHAREFS %8 EAMIMEMES HELIFI3(FER2], 25,2024 £7827H

WMTEA
RENABREIZDNTEZS
R BT T REEHESFHEESR, BIEE,2024F 11 A8 H

BTEA
BRENAZED)T7IL~EBEIA—ANVEYICRBEGTABREEZ S~
Otezla Advance Seminar, KB, 2024 £ 11 B 21 H

MTEA

BRADAS/ —I~EBEIA—ANVEYICRELEZEEEZD~
F 12 EfIUAS/—<AERES, EIL, 2024 F 11 B 278

BAEE
AiE, A5/ —< DL EhE
2024 FE B AN EEESNELMEE S, Web, 2024 £ 10 A 17 B~2025F 4 A 15 B

B4
KILDERE > \ED
RIMEERESPMEES, Web, 2024 F£5 A 30 B

BH—3E
BEIONEZEOEERYE OREELEELANESOH,
HIEEEtIF—, KR, 2024 F 6 A28 B

EREA
TEARD EWEE
% 404 MR R X EFIERHESR, 18R, 2024 £ 10 B 30 H

30



=i
IDEZRARTEL &
F 1 ELME NERTRAREE, BIRE,20245%F 11 B2 H

BB IIE
BEREEERTVA—IZEITAFLABOLEITORYAA
R R D -8 D WEB Seminar, Web, 2024 &£ 11 B 15 B

AREF
LERDARYT - TN T DRI
F SSEHBREAMZHBEEREFZSR, ERE,2024F 11 B9 H

AREF
LERDARY - TN T T ~D HREK
% 13 BEENMKFRAMNEEEMIER, 8,224 F 12 A7H

JE £ %R
ERBERE2—O IGRT 22T
BER B ABREMRR, ERE(WEB#MH),2024 £8 A3 H

ZH E
Avanto Dot AV5 Avanto Fit BioMatrix ~ Fit 779 L—RZ#FERL T
MAGNETOM #i%E %, BR5,2024 9 A 29 B

ZH E
Avanto Dot AV Avanto Fit BioMatrix ~ Fit 779 L—RZ#FERL T
EREMXTHER ERS, 2024 10 A5 A

AKREFE
FILWWIVR EE(ZDUVT
BEREMRIHES, BIRE, 2024 F 10858

AXEHS
MANES CT ZALVTREREBR LD Fusion(EREHE) IZLYID ZRIBEGNEYILI-EH]
T 6 FEAMEREHEZRBSHRRA AN AR, K, 2024 10 A 26 B

=5E—
ROLNDEIZERBG R RO RE
T 6 FERBISRFEETHE (RETRAFISHR), Web, 2024 £9 A 10 B

=EE—
REHEBRE DS ELLRIEMAOERY A
2EEMNRRZEBIGHREEMRBES 5SS, Web, 2025F 1 A 21 H

=EE—
HIEKEBICB VTR EBRSHREMMIZRODENERFIL
% 8 BIEEBIIEETMES I —, X, 2024 F5 A25H

FERE
S 6 FREEEMEDKEIREIZHITEFEHRE
BEREMAEFRE 2 AEENE, BRE, 202459 A 148

31



i X

LUREATE CEEBELL TERSNIRXZEH/BELET

32



doi: 10.33290/jtvt.0a.24-0001
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Objective: Transcatheter aortic valve implantation (TAVI) has become a cornerstone treatment for elderly or high-risk
surgical patients with symptomatic severe aortic stenosis. The continuous evolution of TAVI techniques and technology has
significantly improved its safety and efficacy. This study aims to deepen our understanding of the safety and effectiveness of
the smallest size balloon-expanding transcatheter heart valve (BE-THV): SAPIEN 3 20 mm, through extensive utilization at
our institution, with the goal of further refining TAVI procedures in the future.

Methods: This retrospective single-center observational study included 456 consecutive patients who underwent TAVI with
SAPIEN 3 valves between June 2017 and October 2022. The short-term outcomes, adverse events such as stroke, new pace-
maker implantation (PMI), paravalvular leak (PVL), prosthesis-patient mismatch (PPM), 30-day mortality, and 2-year mor-
tality associated with the 20-mm THV were analyzed and compared with those of the 23-mm THYV or the 26-/29-mm THV.
Results: The most commonly used THV size was 23 mm, accounting for 55.7% (254 cases), followed by the 26-/29-mm
THYV at 32.0% (146 cases) and the 20-mm THV at 12.3% (56 cases). There were no instances of new PMI or moderate or
severe PVL observed in the 20-mm THV group. The 30-day mortality rate was 1.8% in patients who underwent the 20-mm
THYV, 1.6% in those with the 23-mm THY, and 0% in those with the 26-/29-mm THYV, with no significant difference observed
(P=0.3012). However, the incidence of moderate PPM in patients who underwent the 20-mm THV implantation was 24.1%
(13 out of 55), compared to 5.3% in those with the 23-mm THV and 4.3% in those with the 26-/29-mm THY, showing a
statistically significant increase (P <0.0001), but severe PPM was not observed in any THV groups. The prevalence of a post-
procedural transvalvular mean pressure gradient (MPG) =20 mmHg in the 20-mm THV group was higher compared to other
size groups (20 mm: 14.3% vs. 23 mm: 2.0% vs 26/29 mm: 1.4%, P <0.0001). There was no significant difference in 2-year
all-cause mortality rates (20 mm: 14.3% vs. 23 mm: 11.5% vs. 26/29 mm: 9.7%, P = 0.6491) among the different THV sizes.
Conclusion: The short-term outcomes associated with the 20-mm THV were reasonably satisfactory. While the occurrence
of moderate PPM was significantly higher in patients receiving the 20-mm THV compared to other THV sizes, there were
no significant differences in the 2-year mortality rate.
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Medical Center, 8-1 Shiroyama-cho, Kagoshima, Kagoshima 892- Commons Attribution-NonCommercial-
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Introduction

Transcatheter aortic valve implantation (TAVI) has
emerged as a transformative intervention for elderly or
high-risk surgical patients afflicted with symptomatic
severe aortic stenosis.'™ Over the years since its incep-
tion, advancements in technique and technology have
significantly improved the safety and efficacy of TAVI,
making it a widely adopted alternative to surgical aortic
valve replacement (SAVR). As TAVI continues to evolve,
a critical aspect of its refinement lies in meticulously
evaluating and optimizing various procedural elements,
including valve size selection, implantation techniques,
and postoperative management strategies.

Among the key factors influencing TAVI outcomes,
the choice of prosthetic valve size plays a crucial role,
particularly in patients with smaller annuli or anatom-
ical complexities. In this context, utilizing the 20-mm
balloon-expanding transcatheter heart valve (BE-THV),
such as the SAPIEN 3, warrants comprehensive investi-
gation. Despite its smaller size, the 20-mm THV offers
potential benefits in specific patient cohorts, yet its effi-
cacy and safety profile necessitate thorough scrutiny,
especially given its increasing utilization.

Therefore, this study aims to contribute to the existing
literature by providing a detailed analysis of the proce-
dural and postprocedural outcomes associated with the
use of the 20-mm THV in TAVI procedures. By evaluat-
ing a cohort of patients treated with the SAPIEN 3 20-mm
THYV at our institution, we seek to elucidate its technical
success rate, the incidence of adverse events, and 1- and
2-year mortality. Through this analysis, we aim to shed
light on the efficacy, safety, and potential challenges asso-
ciated with the deployment of the 20-mm THYV, thereby
informing clinical practice and guiding future advance-
ments in TAVI technology and patient care.

Materials and Methods

This observational cohort study encompasses a series
of a total of 500 patients who underwent TAVI at a sin-
gle institution from June 2017 to October 2022. Writ-
ten informed consent was obtained from all patients for
prospective data acquisition, and the study was approved
by the local ethics committee. The eligibility for TAVI,
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as opposed to SAVR, was determined by the multidis-
ciplinary structural heart team, which included cardiac
surgeons and cardiologists, and considered patients with
severe symptomatic aortic stenosis.

The patent selection flowchart is shown in Fig. 1.
Excluded from this analysis were 43 patients (8.6%)
who underwent TAVI with a self-expandable transcath-
eter heart valve (SE-THV) or one patient with a tran-
scatheter aortic valve implanted within surgical aortic
valve (TAV in SAV). Baseline characteristics, echocar-
diographic data, multidetector computed tomography
(MDCT) data, procedural data, and clinical outcomes
of TAVI patients were gathered and analyzed from our
institute database. All 456 patients implanted a SAPIEN
3 THV (Edwards Lifesciences, Irvine, CA, USA); the
available THV sizes during the study period were 20,
23, 26, and 29 mm in diameter. The selection of the
THV size was based on the valve annulus area measured
by MDCT and the anatomical structure of the annulus
complex, which was determined by multiple analysts.

A standard follow-up protocol was implemented for
all patients, including assessments before discharge
(within 7 days after the TAVI procedure), at 30 days, 1
year, and 2 years postprocedure. We compared demo-
graphic and clinical characteristics among the follow-
ing three groups: patients with 20-mm (n = 56), 23-mm
(n=254), and 26- or 29-mm (n = 146) sized valves. Pro-
cedural and postprocedural outcomes, including com-
plications, were assessed in accordance with the criteria
set forth by the Society of Thoracic Surgeons or Valve
Academic Research Consortium 3.9 Hemodynamic
assessment via echocardiography was performed before
discharge, at 30 days and 1 year postprocedure. We
defined severe prosthesis—patient mismatch (PPM) as
an indexed effective orifice area (EOAI) of <0.65 cm?/m?
and moderate PPM as an EOAi of >0.65 cm?*m? and
<0.85 cm?m?. Structural valve deterioration (SVD)
was characterized by intrinsic permanent changes to the
prosthetic valve, encompassing wear and tear, leaflet dis-
ruption, frail leaflet, leaflet fibrosis and/or calcification,
or strut fracture or deformation. Moderate hemodynamic
valve deterioration (HVD) was described as an increase
in mean transvalvular gradient =10 mmHg, resulting in a
mean gradient 220 mmHg with a concomitant decrease
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All TAVI cases: n=500
(2017.6~2022.10)

— Self Expandable THV: n=43 (8.6%)

Balloon Expanding THV: n=457 (91.4% )

TAV in SAV: n=1

S3 20-mm THV:
n=56 (12.3%)

S3 23-mm THV:
n=254 (55.7%)

$3 26/29-mm THV:
n=146 (32.0%)

Fig.1 Study flowchart. TAVI: transcatheter aortic valve implantation; THV: transcatheter heart

valve; TAV in SAV: transcatheter aortic valve in the surgical aortic valve; S3: SAPIEN 3

in effective orifice area (EOA) =0.3 cm? compared with
echocardiographic assessment performed 30 days post-
procedure, or the new occurrence or increase of =1 grade
of intra-prosthetic aortic regurgitation (AR) resulting in
>moderate AR. Severe HVD was defined as an increase
in mean transvalvular gradient 220 mmHg, resulting in a
mean gradient =30 mmHg with a concomitant decrease
in EOA =0.6 cm? compared with an echocardiographic
assessment performed 30 days postprocedure, or the new
occurrence or increase of =2 grades of intra-prosthetic
AR resulting in =2moderate AR.

Statistical analysis

Categorical variables are represented as numbers and per-
centages. Normally distributed continuous variables are
expressed as mean + standard deviation, while non-normally
distributed continuous variables are shown as the median
along with the interquartile range. We compared categorical
variables using the chi-squared test or Fisher’s exact test, as
appropriate. Continuous variables were analyzed using the
Kruskal-Wallis test or analysis of variance, depending on
the distribution of the data. We employed the Kaplan—Meier
method to create cumulative event curves, which were com-
pared between groups using the log-rank test. A P-value of
less than 0.05 was considered statistically significant. All
statistical analyses were conducted with JMP Pro (version
16.0; SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics, clinical history, echocardio-

graphic, and MDCT data at baseline are summarized
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in Table 1. This study included 56 patients with 20-mm
THYV, 254 patients with 23-mm THYV, and 146 patients
with 26- or 29-mm THV combined. The 20-mm THV
groups exhibited a significantly higher proportion of
females (98.2%) compared to other size groups, and they
had significantly lower body height (143.6 = 7.4 cm),
body weight (45.2 = 7.2 kg), body surface area (1.33
+ 0.13 m?), and body mass index (21.8 + 2.9 kg/m?).
The 26-/29-mm THV groups had a significantly higher
prevalence of prior mitral valve repair or replacement
(2.7%), while the Society of Thoracic Surgeons (STS)
score (5.37 + 3.15) was significantly lower.

In the 20-mm THYV group, left ventricular diastolic
diameter (40.6 £ 3.7 mm) and left ventricular systolic
diameter (24.5 + 3.3 mm) were significantly smaller,
while ejection fraction (69.8 + 8.7%) was higher. Peak
flow velocity (PFV; 4.81 = 0.62 m/s) and mean pressure
gradient (MPG; 54.3 + 15.6 mmHg) across the aortic
valve were higher, and the aortic valve area (0.61 +
0.17 cm?) was significantly smaller. The annulus diam-
eter (18.8 = 1.0 mm) and sinus of Valsalva diameter
(27.9 = 3.0 mm) were smaller. Patients in the 26-/29-
mm THYV group had a higher proportion (6.8%) of the
bicuspid valve.

According to the MDCT data, patients with 20-mm
THYV had significantly smaller measurements in the fol-
lowing parameters compared to other size groups; the
annulus area had an average of 311 £+ 25 mm?, with an
average perimeter of 64.3 £ 2.7 mm, an average min-
imum diameter of 17.5 £ 1.3 mm, and an average of
the maximum diameter of 22.7 + 1.3 mm. The Valsalva
diameter measured at the right coronary cusp had an
average of 25.4 + 1.8 mm, at the left coronary cusp had
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Table 1 Baseline characteristics

S3 20 mm S3 23 mm S3 26 mm/29 mm P value
Patient characteristics at baseline
Age, years 84.6 +5.0 85.5+4.3 84.5+4.7 0.0702
Female 55(98.2) 209 (82.3) 37 (25.3) <0.0001
Body height, cm 143.6 7.4 147.2+£7.2 156.3 £8.1 <0.0001
Body weight, kg 452+72 48.8+£9.0 56.0+10.2 <0.0001
Body surface area, m? 1.33+0.13 1.39+£0.14 1.54+0.16 <0.0001
Body mass index, kg/m? 21.8+£29 22.5+3.6 229+34 0.1582
Clinical history
Hypertension 44 (78.6) 205 (80.7) 113 (77.4) 0.7236
Diabetes 12 (21.4) 62 (24.4) 39 (26.7) 0.7230
COPD 8 (14.3) 36 (14.2) 26 (17.8) 0.6070
Atrial fibrillation 11 (19.6) 49 (19.3) 37 (25.3) 0.3450
CAD 9 (16.1) 52 (20.5) 40 (27.6) 0.1292
Prior PCI 7 (12.5) 29 (11.4) 21(14.4) 0.6887
Prior CABG 0(0) 7(2.8) 2(1.4) 0.3319
PAD 6 (10.7) 29 (11.4) 11(7.5) 0.4564
Prior MVP/MVR 0(0) 0(0) 4(2.7) 0.0138
Previous stroke 9 (16.1) 42 (16.5) 30 (20.5) 0.5636
eGFR<30ml/min/1.73/m? 6 (10.7) 23 (9.1) 21(14.4) 0.2650
Permanent Pacemaker/ICD 5(8.9) 8(3.2) 9(6.2) 0.1239
CRBBB 7(12.5) 31(12.2) 14 (9.6) 0.7034
CLBBB 2(3.6) 7 (2.8) 534 0.9079
MMSE score 23.6+5.3 247+5.0 24.6+4.4 0.2961
Clinical Frailty Scale 3.82+0.97 3.78 £0.90 3.70 £0.98 0.6154
STS score 6.29 £3.15 6.34 £3.33 537+3.15 0.0146
Echocardiographic data at baseline
LVDd, mm 40.6 £3.7 428 £4.7 462 +£5.7 <0.0001
LVDs, mm 245+33 26.7+4.9 304+ 6.6 <0.0001
[VSth, mm 124+2.5 12.7+23 128 +2.4 0.6292
PWth, mm 11.5+2.2 11.7+£2.0 11.9+1.9 0.4439
EF, % 69.8 £8.7 67.4£9.8 63.4+11.2 <0.0001
EF<50% 2 (3.6) 14 (5.5) 16 (11.0) 0.0680
SVi<35 ml/m? 10 (17.9) 45 (17.7) 32(21.9) 0.5707
Transaortic PFV, m/sec 4.81+0.62 458 +£0.78 435+ 0.69 <0.0001
Transaortic MPG, mmHg 543 +15.6 509+179 453 +14.5 0.0004
AVA, cm? 0.61+0.17 0.64 £0.17 0.72+£0.14 <0.0001
AVAI, cm?/m? 047 £0.13 0.46+£0.12 0.48 £0.10 0.5517
Diameter of annulus, mm 18.8+1.0 199+14 219+1.6 <0.0001
Diameter of Valsalva, mm 27.94+3.0 304+£29 347+£3.6 <0.0001
Moderate or severe AR 1(1.8) 10 (3.9) 10 (6.8) 0.2293
Moderate or severe MR 4(7.1) 12 (4.7) 11(7.5) 0.4759
Bicuspid AS 2(3.6) 5(2.0) 10 (6.8) 0.0460
MDCT data at baseline
Aortic valve annulus area, mm? 311 +£25 379 +£32 488 £ 56 <0.0001
Aortic valve perimeter, mm 64.3+2.7 70.9+4.6 80.5+4.6 <0.0001
Aortic valve minimum diameter, mm 17513 192+ 1.5 21.8+1.5 <0.0001
Aortic valve maximum diameter, mm 227+ 1.3 251+ 1.7 285+ 1.8 <0.0001
Diameter of Valsalva-R, mm 254+1.8 28.0+2.2 324+£35 <0.0001
Diameter of Valsalva-L, mm 26.5+2.0 29.0+2.3 333+34 <0.0001
Diameter of Valsalva-N, mm 26.6 £2.3 292422 33.5+32 <0.0001
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Table 1 (Continued)

S3 20 mm S3 23 mm S3 26 mm/29 mm P value
RCA height, mm 129+23 145+24 174+2.38 <0.0001
LCA height, mm 119+1.8 127+1.9 14.6+2.7 <0.0001

Values are expressed mean + SD or n (%).

AR: aortic regurgitation; AS: aortic stenosis; AVA: aortic valve area; AVAi: indexed aortic valve area; CABG: coronary artery bypass graft;
CAD: coronary arterial disease; CLBBB: complete left bundle branch block; COPD: chronic obstructive pulmonary disease; CRBBB:
complete right bundle branch block; EF: ejection fraction; eGFR: estimated glomerular filtration rate; ICD: implantable cardioverter
defibrillator; IVSth: thickness of interventricular septum; LCA: left coronary artery; LVDd: left ventricular diastolic diameter; LVDs: left
ventricular systolic diameter; MDCT: multidetector computed tomography; MMSE: mini mental state examination; MPG: mean pressure
gradient; MR: mitral regurgitation; MVP: mitral valvuloplasty; MVR: mitral valve replacement; PAD: peripheral arterial disease; PCI:
percutaneous coronary intervention; PFV: peak flow velocity; PWth: thickness of posterior wall; RCA: right coronary artery; STS: Society

of Thoracic Surgeons; SVi: stroke volume index

an average of 26.5 + 2.0 mm, and the non-coronary
cusp had an average of 26.6 + 2.3 mm. The height of the
right coronary artery above the annulus averaged 12.9
+ 2.3 mm, while the height of the left coronary artery
averaged 11.9 = 1.8 mm.

Procedural data, follow-up echocardiographic data,
and procedural and postprocedural outcomes are demon-
strated in Table 2. There were no significant differences
observed among THV sizes regarding the approach site
and method, frequency of pre-dilation, procedural time,
or anesthesia time. In the 20-mm THV group, the fre-
quency of post-dilation (75.0%) was significantly higher
compared to other size groups (P = 0.0251). There
was no significant difference in the frequency of coro-
nary protection procedures performed to prevent cor-
onary occlusion during TAVI among the three groups
(P = 0.3589). Echocardiographic data after TAVI were
evaluated before discharge at 30 days, and 1 year post-
operatively. At all follow-up points, the PFV and MPG
at the THV were the highest in the 20-mm THV group
compared to other groups, while the EOA and EOAi were
the smallest (all P <0.0001). Due to the smaller EOA and
EOAI, in the same way, at all follow-up points, the num-
ber of cases with a transvalvular MPG =20 mmHg was
higher in the 20-mm THV group compared to the other
groups (all P <0.0001).

Initial outcomes, 30-day outcomes, and 1-year out-
comes are detailed in Table 2. There was no significant
difference in technical success among THV sizes, nor
in the conversion to open-heart surgery, the occur-
rence of coronary obstruction, stroke, new pacemaker
implantation (PMI), moderate or severe paravalvular
leak (PVL), vascular complications, life-threatening
major bleeding and unexpected major bleeding,
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acute kidney injury, or other major complications.
The frequency of moderate PPM at 30 days (24.1%,
P <0.0001) was significantly higher in the 20-mm
THYV group, as was no incidence of severe PPM (0%),
leading to significantly lower device success (75.0%,
P =0.0011). However, there was no significant differ-
ence in early safety, 30-day mortality, or in-hospital
mortality among THYV sizes.

At the 1-year follow-up echocardiogram, SVD was
not identified; however, three cases resulted in death
due to infective endocarditis. Two cases in the 20-mm
THV group succumbed to infective endocarditis,
which was significantly higher (P = 0.0145) compared
to the other groups. Severe HVD was not observed in
any group, but moderate HVD was identified in two
cases: one in the 20-mm THV group and another in
the 23-mm THV group. Due to the smaller EOAI, in
the same way, at the time of discharge, both cases were
prescribed aspirin monotherapy and were subsequently
confirmed to have hypo-attenuated leaflet thickening
(HALT) on MDCT, prompting the initiation of antico-
agulant therapy. We closely monitored the patients who
developed moderate HVD with 20-mm THV during
follow-up using both echocardiography and MDCT. As
depicted in Fig. 2, the patient in the 20-mm THV group
exhibited a resolution of HALT and improvement in
hemodynamics following the initiation of anticoagu-
lant therapy.

The cumulative incidence curve of all causes of death
to 1-year and 2-year follow-up in three groups is shown
in Fig. 3. The cumulative all-cause mortality at 1 year
and 2 years in the 20-mm THV group were 7.1% and
15.4%, respectively. There was no difference in the all-
cause mortality when compared with the 23-mm THV
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Table 2 Procedural and postprocedural data

S3 20 mm S3 23 mm S3 26 mm/29 mm P value
Procedural data
Approach site
Trans-femoral cutdown 8(14.0) 28 (11.1) 26 (17.9) 0.1569
Trans-femoral puncture 48 (85.7) 216 (85.4) 116 (80.0) 0.3426
Trans-apical 0(0) 8(3.2) 3(2.1) 0.3584
Trans-subclavian 0(0) 1(0.4) 0(0) 0.6716
Pre-dilation 30 (53.6) 133 (52.3) 81 (55.5) 0.8343
Post-dilation 42 (75.0) 153 (60.2) 79 (54.1) 0.0251
Coronary protection to prevent coronary 1(1.8) 1(0.4) 1(0.7) 0.3589
obstruction
Procedure time, min 63.1+314 67.2+42.5 64.2 +34.1 0.6532
Anesthesia time, min 113.9+41.9 119.8 £48.7 115.5+39.5 0.5256
Follow-up echocardiographic data
Transvalvular PFV before discharge, m/sec 2.57+0.45 2.24+0.38 2.08 +0.39 <0.0001
Transvalvular MPG before discharge, mmHg 14.6 5.6 10.8 £3.7 93+35 <0.0001
Transvalvular MPG = 20 mmHg before 8/56 (14.3) 11/54 (2.0) 2/145 (1.4) <0.0001
discharge
EOA before discharge, cm? 1.40 £0.26 1.68 £0.32 1.99 £ 0.42 <0.0001
EOAI before discharge, cm?/m? 1.14+0.27 1.20 £ 0.25 1.30 £ 0.30 <0.0001
30-day transvalvular PFV, m/sec 2.59+0.46 228 +0.41 2.04 +£0.35 <0.0001
30-day transvalvular MPG, mmHg 152 +£5.7 11.3+4.1 89+32 <0.0001
30-day transvalvular MPG =20 mmHg 11/54 (20.4) 8/229 (3.5) 1/140 (0.7) <0.0001
30-day EOA, cm? 1.33+£0.25 1.63£0.34 1.88+£0.39 <0.0001
30-day EOAi, cm?*/m? 1.01 £0.21 1.17£0.25 1.22+0.27 <0.0001
1-year transvalvular PFV, m/sec 2.66 £0.35 2.25+0.39 1.98 £0.36 <0.0001
1-year transvalvular MPG, mmHg 16.7+£5.3 11.1+£43 8.6+3.3 <0.0001
1-year transvalvular MPG = 20 mmHg 9/44 (20.5) 10/212 (4.7) 1/120 (0.8) <0.0001
1-year EOA, cm? 1.33+£0.22 1.63 +0.34 1.94 + 0.44 <0.0001
1-year EOAI, cm?/m? 0.99 +£0.17 1.18£0.26 1.25+0.30 <0.0001
Procedural and postprocedural outcomes
Technical success 53/56 (94.6) 233/254 (91.7) 140/146 (95.9) 0.2512
Conversion to open heart surgery 1/56 (1.8) 2/254 (0.8) 3/146 (2.1) 0.5338
Coronary obstruction 1/56 (1.8) 0/254 (0) 0/146 (0) 0.1228
Stroke 2/56 (3.6) 7/254 (2.8) 3/146 (2.1) 0.8196
New pacemaker implantation 0/56 (0) 6/254 (2.4) 6/146 (4.1) 0.2429
Moderate or severe PVL 0/56 (0) 1/254 (0.4) 1/146 (0.7) 0.7940
Vascular complications 4/56 (7.1) 26/254 (10.2) 9/146 (6.2) 0.3899
Requiring catheter or surgical interventions 1/56 (1.8) 17/254 (6.7) 6/146 (4.1) 0.2479
Acute kidney injury 0/56 (0) 4/254 (1.6) 4/146 (2.8) 0.3899
Life-threatening bleeding and unexpected 1/56 (1.8) 9/254 (3.5) 1/146 (0.7) 0.1897
major bleeding
30-day moderate PPM 13/54 (24.1) 12/228 (5.3) 6/140 (4.3) <0.0001
30-day severe PPM 0/54 (0) 0/228 (0) 0/140 (0) -
30-day device success VARC 42/56 (75.0) 222/254 (87.4) 137/146 (93.8) 0.0011
30-day early safety VARC 49/56 (87.5) 210/254 (84.7) 124/146 (86.1) 0.8356
30-day mortality 1/56 (1.8) 4/254 (1.6) 0/146 (0) 0.3012
In-hospital mortality 1/56 (1.8) 7/254 (2.8) 1/146 (0.7) 0.3558
Infective endocarditis 2/56 (3.6) 1/254 (0.4) 0/146 (0) 0.0145
One-year SVD VARC 0/44 (0) 0/212 (0) 0/120 (0) -
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Table 2 (Continued)

S3 20 mm S3 23 mm S3 26 mm/29 mm P value
One-year moderate HVD VARC 1/44 (2.3) 1/212 (0.5) 0/120 (0) 0.2147
One-year severe HVD VARC 0/44 (0) 0/212 (0) 0/120 (0) -

Values are expressed mean + SD or n (%).

EOA: effective orifice area; EOAI: indexed effective orifice area; HVD: hemodynamic valve deterioration; MPG: mean pressure gradient;
PVL: paravalvular leak; PFV: peak flow velocity; PPM: prosthesis-patients mismatch; SVD: structural valve deterioration; VARC: Valve

Academic Research Consortium

Al: axial image before procedure B1: axial image at 30-days follow-up

& W

A2: sagittal image before procedure B2: sagittal image at 30-days follow-up

- e »
_— .
Before procedure hemodynamics
Mean pressure gradient: 42 mmHg
Aortic valve area: 0.84 cm?
Indexed aortic valve area: 0.59 cm?

30-days follow-up hemodynamics
Mean transvalvular gradient: 20 mmHg
Effective orifice area: 1.14 cm?
Indexed Effective orifice area: 0.79 cm?

C1: axial image at 6-months follow-up D1: axial image at 1-year follow-up

}-

[Ya

C2: sagittal image at 6-months follow-up

1-year follow-up hemodynamics

Mean transvalvular gradient: 16 mmHg
Effective orifice area: 1.42 cm?
Effective orifice area: 0.99 cm?

6-months follow-up hemodynamics
Mean transvalvular gradient: 33 mmHg
Effective orifice area: 0.71 cm?
Indexed effective orifice area: 0.50 cm?

Fig.2 The case of a 20-mm THV with moderate HVD. Pre-procedure MDCT images of a woman in her 80s with a 20-mm THV

(A1,A2). At the time of the 30-day assessment on MDCT, the HALT was not evident (B1, B2). The HALT was detected in
the 20-mm THYV patient with moderate HVD (C1, C2) at 6-month follow-up. The resolution of HALT and improvement in
hemodynamics following 6 months initiation of anticoagulant therapy (D1, D2). HALT: hypo-attenuated leaflet thickening;
HVD: hemodynamic valve deterioration; MDCT: multidetector computed tomography THV: transcatheter heart valve

group (6.8% and 11.7%), or the 26-/29-mm THV group
(5.7% and 10.8%).

Discussion

Since our institution commenced TAVI procedures in
2017, the increasing case volume has led to acceptable
levels of technical success, the frequency of stroke,
new PMI, and PVL, along with 30-day mortality. These
outcomes are consistent with previous reports.>® The
1-year survival rate was similarly satisfactory, and when
evaluated for each prosthetic valve size, the outcomes
were comparable.

| Transcatheter Valve Ther Vol. 6, No. 1 (2024)

Despite TAVI having a lower incidence of PPM com-
pared with SAVR, it remains a significant concern due to
its impact on morbidity and mortality.”!? Asian patients,
including the Japanese, generally have a smaller phy-
sique, resulting in a higher prevalence of small aor-
tic annulus and greater use of the 20-mm THV. The
increased usage of the 20-mm THV may contribute to a
higher frequency of moderate or severe PPM. Although
previous studies suggest that the clinical impact of the
elevated PPM frequency is relatively acceptable, the
long-term prognosis remains uncertain.!'-!3 Notably,
our institution’s usage rate of 20-mm THV was consid-
erably higher at 12.5% compared to 7.6% in the Japan
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1.0
— S320-mm
0.8 === S3 23-mm
= S326-mm/29-mm
0.6
Log-Rank test
0.4 P=0.7220
0.2
0
0 180 360 540 720
Baseline 360 days 720 days
S3 20-mm
Incidence 7.1% 15.4%
No. at risk 56 51 35
S3 23-mm
Incidence 6.8% 11.7%
No. at risk 253 225 181
S3 26-mm/29-mm
Incidence 5.7% 10.8%
No. at risk 144 130 89

Fig.3 Two-year all cause of mortality among THV groups.
THV: transcatheter heart valve

Transcatheter Valve Therapies annular report 2023.'%
The incidence rate of 30-day moderate PPM for 20-mm
THYV was 24.1% (13 cases), significantly higher than for
other THV sizes. Efforts were made to perform addi-
tional post-dilatation to maximize the EOA and mini-
mize the MPG at THV. However, similar to PPM, the
incidence of cases with a postoperative transvalvular
MPG =20 mmHg was higher in the 20-mm THV group.
It is essential to continue monitoring the trend in pres-
sure gradients in the future.

Furthermore, the incidence of moderate HVD at
1-year follow-up was relatively low, with isolated cases
observed in the 20-mm and 23-mm THYV groups. In both
cases, anticoagulant therapy was initiated in response to
HALT, with no worsening trend observed under clos-
ing monitoring. Given the propensity for hemodynamic
deterioration, particularly in patients with 20-mm THV
accompanied by PPM and/or follow-up transvalvular
MPG =20 mmHg experiencing HVD such as HALT,
meticulous follow-up will likely remain essential for this
group compared to others.
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Importantly, while instances of HVD indicating
hemodynamic issues or SVD indicating structural issues
were infrequent, three cases developed infective endo-
carditis. Due to advanced age and a high-risk status for
surgical intervention, all three patients succumbed to
death following conservative treatment with antibiotics.
Postoperative follow-up must include patient guidance to
prevent infective endocarditis.

If a patient who has received a 20-mm THYV reaches
a situation where future bioprosthetic valve degener-
ation progresses, necessitating a transcatheter aortic
valve implanted within a transcatheter aortic valve (TAV
in TAV), concerns arise regarding achieving an effec-
tive EOA with another 20-mm THV. Considering life
expectancy and activity levels, the decision to implant
a 20-mm THYV is crucial and requires careful consider-
ation. During the study period, only the SAPIEN 3 valve
was available; however, the improved SAPIEN 3 Ultra
RESILIA (SAPIEN 3UR) is now in use. Reports suggest
that the SAPIEN 3UR demonstrates better outcomes in
terms of PVL, PPM, and transvalvular MPG after TAVI,
compared to the SAPIEN 3, and it is anticipated that the
performance of the 20-mm THV will be improving in the
near future.'”

Limitations

Primally, a limitation of this study is its observational
and retrospective nature conducted at a single institu-
tion. There have been periods at our institution when we
were unable to use SE-THV due to internal constraints.
During such periods, we had to use BE-THV for patients
who might not have ideal candidates for them, poten-
tially affecting the occurrence of complications and other
factors.

In addition, although we are planning an annual
follow-up observation at our institution, it is important
to note that many of the patients in our study are elderly,
with numerous comorbidities, and are facing a decline
in activities of daily living, making it difficult for them
to visit the hospital regularly. While we can conduct
relatively broad prognosis assessments primarily based
on information gathered from primary care physicians,
the patients themselves, and their families, we may not
be able to perform detailed tracking using echocardio-
graphic examinations. It should be noted the aggregation
of data and the analysis of MDCT and echocardiography
were not conducted by an independent core laboratory.

] Transcatheter Valve Ther Vol. 6, No. 1 (2024)
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Conclusion

The technical success rate and short-term outcomes asso-
ciated with the 20-mm THV were reasonably satisfactory.
While the occurrence of moderate PPM and follow-up
transvalvular MPG =20 mmHg were significantly higher
in patients receiving the 20-mm THV compared to other
THYV sizes, there were no significant differences in the
2-year mortality rate. Due to its susceptibility to HVD, it
appears that longer-term follow-up is necessary.
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A 74-year-old man was transferred to our hospital for treatment of junction cancer 5 years ago and subsequently undergone post-
an intravascular embolus extending from the subclavian vein to the operative chemotherapy. Although he was asymptomatic, the
right atrium: that was not dissolved despite 3 months of oral anticoagu- embolus was incidentally discovered on a follow-up computed

lant therapy. He had been performed resection of oesophagogastric tomography (CT). Echocardiography revealed a mobile high-intensity
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echo extending from the superior vena cava to the right ventricle,
which was attached to the tricuspid valve (Panel A; Supplementary
material online, Video S7). Contrast-enhanced CT demonstrated the
continuous embolus from the left subclavian vein to the right ventricle
(Panel B; Supplementary material online, Video $2), and diffuse ground-
glass opacities were observed in the lung field, suggesting embolization
in peripheral arteries of the lungs (Panel C). Fluorodeoxyglucose-positron
emission tomography demonstrated that abnormal accumulation in the
left supraclavicular fossa and cervical lymph nodes and from the left sub-
clavian vein to the right ventricle (Panel D; Supplementary material online,
Video S3), and we diagnosed as tumour embolization. We discussed
treatment plans with surgeons. However, a highly invasive surgery involv-
ing removal of the left clavicle and subclavian vein was required, and he
requested palliative care. Home oxygen therapy was introduced, and
he was discharged home. He died 9 days after being discharged.
Pathological autopsy revealed tumour embolus extending from the left
internal jugular vein to the left and right pulmonary arteries, and histolo-
gically, the tumour had characteristics of squamous cell carcinoma (Panels
E and F). This case is a rare case of squamous cell carcinoma in which can-
cer of the oesophagogastric junction metastasized to right-side cardiac
chamber. Fluorodeoxyglucose-positron emission tomography was feas-
ible to differentiate between thrombus and tumours.

H. Matsumoto et al.

Supplementary material is available at European Heart Journal — Case
Reports online.
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Article history: A 63-year-old woman presented with a giant arteriovenous malformation (AVM) of the lower
Received 3 May 2024 limbs associated with Parkes Weber syndrome (PWS). The AVM was supplied by 4 branches
Revised 18 July 2024 of the right profunda femoris artery and 4-stage embolization was performed. At 67 years
Accepted 21 July 2024 of age, she developed a pseudoaneurysm due to the recanalization of a coiled profunda

femoris artery branch arterial aneurysm. We performed re-embolization of the coiled pro-
funda femoris artery and observed its shrinkage, but 2 months later, the pseudoaneurysm

Keywords: began to expand again, having a fatal course. This case indicates that battles against giant
Parkes Weber syndrome AVM-associated PWS follow a long and convoluted path. We present this case with review-
Arteriovenous malformation ing 15 previously reported cases to improve our management of PWS.
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formations (AVMs), and hypertrophy of the unilateral limb
[1]. AVM is a progressive disease with manifestations rang-
ing from the Schobinger classification of quiescence stage (I)
Parkes Weber syndrome (PWS) is a rare genetic disease that  to decompensation stage (IV) ([2], Table 1). Patients with AVM
manifests as red skin lesions, high-flow arteriovenous mal- require invasive treatment after transitioning to the symp-
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Table 1 - Schobinger’s classification.

Stage Clinical features

I (Quiescence period)

May or may not have vascular skin stain, warmth of the affected tissues, and arteriovenous shunts can be

detected by Doppler ultrasound. The arteriovenous malformation is present but causes no clinical symptoms

11 (Expansion period)
III (Destruction period)

Stage I plus enlargement, pulsations, palpable thrill, audible bruit, and enlarged arterialized tortuous/tense veins
Stage II plus dystrophic skin changes, skin ulcerations that can be nonhealing, bleeding from ulcerated skin or

mucosal surfaces, overt tissue necrosis, and lytic lesions of bone may occur

IV (Decompensation period)

Stage III plus congestive cardiac failure with increased cardiac output, abnormally lowered peripheral vascular

resistance, and venous hypertension secondary to tissue and skin changes

tomatic stage. Embolization may be a safe and effective op-
tion for high-flow AVMs [3]. However, some unsuccessful cases
have been reported and reports on the long-term follow-up
after embolization are sparse. In this report, we present a pa-
tient with PWS whose staged embolization failed and resulted
in an uncontrollable pseudoaneurysm. While true aneurysm
has distended vascular wall, pseudoaneurysm has disrupted
vascular wall and surrounding fibrous tissue wall. Moreover,
we review 15 previously reported cases to improve our under-
standing of the management of PWS.

Case presentation

A 63-year-old woman (height, 147 cm; weight, 46.5 kg) with
a history of subarachnoid hemorrhage (SAH) had pain in the
right thigh and popliteal fossa during walking. She had hyper-
trophy in the right thigh since childhood and found a varicose
vein a few years ago. The patient’s family history was unre-
markable. She consulted a physician, and contrast-enhanced
CT revealed a giant AVM in the right thigh (Figs. 1A-E). The
right common and external iliac artery was tortuous and di-
lated, and both superficial femoral arteries were hypoplas-
tic. Ankle brachial index was 0.78 at the right leg and 1.09
at the left leg. She was then referred to a hospital specializ-
ing in AVM. The Schobinger classification was stage III and
she was diagnosed with PWS based on clinical features. An-
giography showed that 4 branches (B1-B4) of the right pro-
funda femoris artery, and superior and inferior gluteal arter-
ies formed the AVM (Figs. 2A-C). The B2 branch had a small
saccular arterial aneurysm at its origin. The AVM was a di-
lated fistula between multiple feeding arteries and draining
veins, and was categorized as a type IIIb arteriovenous fis-
tula according to Cho’s classification [4]. Staged emboliza-
tion was planned, and 3 months after the angiography, the
first embolization was performed for the distal B1-B4 with
n-butyl-2- cyanoacrylate (NBCA) plus ethiodized oil (Figs. 3A-
H). Six months later, a second embolization was performed
for B1 with NBCA and ethiodized oil. Furthermore, 6 months
later, when she was 65 years old, the third embolization was
performed for B4 with NBCA plus ethiodized oil (Figs. 4A
and B) and for a saccular B2 arterial aneurysm (20x17x27
mm) with Target® XXL360 coils (Stryker, Michigan, U.S.A.) (24
mmx50 cmx2) and NBCA plus ethiodized oil (Figs. 4C and D).
Complete occlusion of the aneurysm was confirmed. Seven
months later, a fourth embolization was performed for a su-

perior gluteal artery branch, using NBCA plus ethiodized oil.
The other superior gluteal artery branches had low flow, and
the inferior gluteal artery was difficult to embolize selectively.
Embolization from the proximal profunda femoris artery was
performed with NBCA plus ethiodized oil for finishing. Regular
MRI follow-up 6 months later did not reveal any complications
or more enlarged AVM.

At 66 years of age, she was transferred to our hospital with
sudden swelling of her right thigh, edema of her right lower
leg, and difficulty walking. Physical examination revealed that
her right thigh was twice as large as her left thigh and had
red skin lesions (Fig. 5A). The enlarged right thigh was also
pulsating and hot. Her vital signs were within the normal
limits.

Admission laboratory testing revealed a wide range of ab-
normalities, as follows: white blood cell and platelet counts,
and hemoglobin level at 9330/xL, 71,000/pL, and 5.0 g/dL,
respectively. The levels of the fibrin/fibrinogen degrada-
tion products were 106.1 pg/mL. The patient was diag-
nosed with disseminated intravascular coagulation (DIC). The
blood urine nitrogen, serum creatinine, and C-reactive pro-
tein levels were 63.0 mg/dL, 3.30 mg/dL, and 14.32 mg/dL,
respectively.

Contrast-enhanced computed tomography (CT) revealed a
giant aneurysm (97x71x154 mm) adjacent to the emboliza-
tion coils in the right thigh (Figs. 5B and C). Ultrasonography
of the limb arteries revealed a to-and-fro blood waveform via
a 5-mm channel between the giant aneurysm and the coiled
B2 arterial aneurysm, suggesting that the giant aneurysm was
a pseudoaneurysm (Fig. 5D). Chest X-ray revealed a cardiotho-
racic ratio of 0.60 and echocardiography revealed dilated ven-
tricles.

The patient first received conservative therapy to improve
her general condition, which consisted of bed rest, hydration,
blood transfusion, compression of the enlarged right thigh,
and elevation of the right lower limbs. Profunda femoris artery
angiography revealed high flow, with contrast pooling in the
giant aneurysm (Fig. 5E). Because the aneurysm had enlarged
rapidly, we concluded that the coiled B2 arterial aneurysm had
recanalized, ruptured, and generated a giant pseudoaneurysm
in which red blood cells, platelets, and coagulation factors
were consumed, leading to DIC.

She was conservatively managed in our hospital for 1 week,
but the skin on her right thigh was tighter. CT showed fur-
ther enlargement of the pseudoaneurysm (113 x 85 x 175
mm) and the diameter of the right thigh was 216 x 248
mm. We concluded that vascular surgical procedures would
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Fig. 1 - 3D-CT angiography and multi-planar reconstruction of a giant arteriovenous malformation (AVM).(A) The feeding
vessels included 4 branches from the right profunda femoris artery and the right superior and inferior gluteal arteries. One
of the profunda femoris artery branches had a saccular arterial aneurysm (orange arrow, 20 x 17 x 27 mm). The right
superficial femoral artery was hypoplastic and was not involved in the AVM (red arrow).(B) The giant AVM was located only
in the right femoral region.(C) Axial view. (D) Coronal view. (E) Sagittal view.

not control bleeding after incision of the pseudoaneurysm.
The patient subsequently underwent re-embolization of the
coiled B2 arterial aneurysm via the left femoral artery. The
right profunda femoris artery flow was rapid, necessitating
the use of 11 Target ® XXL360 coils(24 mm x 50 cm x 4,
22 mm x 50 cm x 4, 20 mm x 50 cm x 1, 16 mm x 50
cm x 1, 10 mm x 50 cm x 1)and 1 Interlock® (Boston Sci-
entific, Massachusetts, U.S.A.) coil 14 mm x 50 cm (Fig. 6A).
Digital subtraction angiography revealed that the contrast
agent was not visible in the giant pseudoaneurysm after the
procedure (Fig. 6B). The pulsation in the right thigh disap-
peared. One week after the procedure, platelet counts and
hemoglobin levels recovered to 261,000/l and 9.1g/dL, re-
spectively. Contrast-enhanced CT revealed shrinkage of the

giant pseudoaneurysm (119 x 65 x 173 mm) and the diam-
eter of the right thigh (201 x 225 mm). Ultrasonography also
revealed the absence of blood flow into the re-embolized B2
arterial aneurysm and a giant pseudoaneurysm. The patient
was discharged to her referring hospital 14 days after the pro-
cedure. However, 2 months after the transference, the right
thigh began to swell and involved skin ulceration. CT revealed
an expanded pseudoaneurysm (131 x 107 x 180 mm, Figs. 7A
and B). She was given the option of an additional procedure
but chose conservative therapy. The ulcerated right thigh was
applied with KALTOSTAT® Alginate Dressing (Convatec, New
Jersey, USA) and was compressed. The ulcerated wound in-
volved oozing and severe bacterial infection, and 7 months
after the transference she died.
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Fig. 2 - Findings of angiography and a scheme of AVM feeders. (A) Angiography from the external iliac artery showed that
profunda femoris artery branches (B1-B4) were high flow feeders of the AVM. The B2 branch had a small saccular arterial
aneurysm at its origin (orange arrow). The superficial femoral artery (red arrow) was hypoplastic. (B) Angiography from the
inferior gluteal arteries (white arrow). (C) The AVM included 4 branches (B1: blue arrow, B2: orange arrow, B3: green arrow,
B4: yellow arrow) of the profunda femoris artery, and superior and inferior gluteal arteries (white arrow).The red arrow is

superficial femoral artery.

Fig. 3 - Findings of the first embolization with n-butyl-2- cyanoacrylate plus ethiodized oil. (A, B) B1 (blue arrow) was
embolized. (C, D) B2 (orange arrow) was embolized. (E, F) B3 (green arrow) was embolized.(G, H) B4 (yellow arrow) was

embolized.

Discussion

PWS often occurs sporadically and is associated with loss-of-
function mutations in the RASA1 gene [5], which encodes the
p120-Ras GAP protein responsible for controlling cellular pro-
liferation and differentiation [6]. The RASA1 gene is also asso-
ciated with cerebral AVMs [4], and spinal AVMs are associated
with PWS [7]. The patient’s past SAH was not caused by a cere-
bral AVM but by a posterior communicating internal carotid
artery aneurysm. A skin biopsy of the affected limb could have

revealed a pathogenic variant of RASA1 [8]; however, this was
not performed in this patient.

In Japan, giant AVM in a limb has been designated by the
Ministry of Health, Labour, and Welfare as an “intractable dis-
ease.” The estimated number of Japanese patients with giant
AVM in a limb is 700 [9] and the Japanese prevalence rate
is 0.56 patients per 100,000 people. Therefore, we searched
PubMed for case reports of giant AVM associated with PWS
to improve our understanding. We found 15 case reports and
15 clinical cases stage 11l and IV of Shobinger’s classification
when we searched with the terms ““(Parkes Weber Syndrome)”
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Fig. 4 - Findings of the third embolization. (A, B) B4 (yellow arrow) was embolized with NBCA plus ethiodized oil. Blue arrow
represents B1. (C, D) A saccular B2 arterial aneurysm (20 x 17 x 27 mm, orange arrow) was embolized with Target® XXL360
coils (Stryker, Michigan, U.S.A.) (24 mm x 50 cm x 2) and NBCA plus ethiodized oil.

(Table 2). The number of female patients was almost equal to
the number of male patients (7 female cases and 8 male cases).
In 2 cases [19,23] stage IV AVM was observed in the neonate.
The most common AVM site was the lower limb (11 lower limb
cases and 4 upper limb cases), and no bilateral lesions were
reported. Embolization [12,13,16,19-21,24] was the most com-
mon therapy for giant AVM, but it was not effective in more
than half cases [13,16,21,24].

PWS is a progressive disease with a poor prognosis. There-
fore, multidisciplinary therapy is needed for the management
of giant AVM. Patients in the quiescent stage (I) or expan-
sion stage (II) of the Schobinger clinical classification have
fewer symptoms and are often treated conservatively with
bed rest, elevation, and compression of the affected limb. In
contrast, patients in the destructive stage (III) and decompen-
sation stage (IV) have severe and life-threatening conditions,
and invasive treatments such as sclerotherapy, embolization
of the feeding arteries and draining veins [3], and major ampu-
tation or disarticulation of the affected limb [15] are required.
During embolization, the feeding arteries should be occluded
distally close to the shunt and not proximal to the shunt. Oth-
erwise, the shunt may remain patent, and collateral recruit-
ment may develop into a shunt. Thus, embolization should

be as selective as possible for shunts where the feeding arter-
ies and drainage veins are abnormally connected. Amputation
should be considered in cases of unsuccessful embolization.
Amputation of the limb affected by a giant AVM can cause
massive hemorrhage. Ismail [25] and Young [26] employed par-
tial cardiopulmonary bypass to minimize hemorrhage.

Reports of pseudoaneurysm formation after coil emboliza-
tion and persistent pseudoaneurysm are few. Pathological di-
lated vascular wall [24] of AVM or radial force of coils might in-
duce recanalization of coiled aneurysm. The unleashed edge
of coil might disrupt the fragile vascular wall, leading to rapid
growth of pseudoaneurysm. Moreover, collateral vessels or
migration of the embolized coils might help develop persis-
tent pseudoaneurysm [27]. Pseudoaneurysm can be diagnosed
by ultrasound. A swirling pattern inside the false lumen by
the color-flow image, and “to-and-fro” waveform at the com-
municating point between the native vessel and the false lu-
men are characteristic of pseudoaneurysm [28]. Contrast en-
hanced CT can distinguish pseudoaneurysm from ruptured
aneurysm. While the contrast increases and changes its shape
in the active bleeding, pseudoaneurysm maintains its shape
on delayed phase. Moreover, pseudoaneurysm may not always
fill with contrast due to the presence of thrombus [29].
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Fig. 5 - The photograph and imaging findings on admission to our hospital. (A) The right thigh was swollen, was twice as
large as the left leg, and had red skin lesions. (B, C) Axial (B) and coronal (C) contrast-enhanced computed tomography
revealing a giant aneurysm (green and white arrows) (97 x 71 x 154 mm) next to the coils. (D) Ultrasonography of the limb
arteries shows a to-and-fro waveform between the giant aneurysm and the coiled B2 arterial aneurysm, suggesting that the
giant aneurysm was a pseudoaneurysm. (E) Digital subtraction angiography image showing the pooling of the contrast

agent in the giant pseudoaneurysm (yellow arrow).

Fig. 6 - Findings during the latest embolization procedure. (A) The coiled B2 arterial aneurysm was embolized with
additional 12 coils (orange arrow). (B) Digital subtraction angiography showed that the blood flow into the pseudoaneurysm

disappeared.

Our patient’s giant AVM was fed by the profunda femoris
artery and superior and inferior gluteal arteries, and invaded
the right ischial bone. If this patient had wished for an
additional procedure, re-embolization would not have con-
trolled the life-threatening giant pseudoaneurysm again, so
we would have proceeded to perform an orthopedic proce-
dure as a last resort. In this case transfemoral amputation
and hip disarticulation are challenging because the pseudoa-
neurysm is located proximal to the pelvis and the procedure

involves complex vascular ligation techniques with massive
hemorrhage. Therefore, we would have performed transpelvic
hemi-amputation (hemipelvectomy). This procedure is inva-
sive and technically demanding, but it can ligate the unilateral
common iliac artery and vein safer [30] and eradicate both the
pseudoaneurysm and giant AVM.

Herein, we describe a rare case of pseudoaneurysm forma-
tion after embolization of a giant AVM of the lower limb as-
sociated with PWS. Embolization may be a safer and more ef-
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Table 2 - Summary of 15 reported cases of a giant AVM associated with Parkes Weber syndrome.

Author, Age/Sex AVM Site Previous Symptoms and Treatments Outcomes
country AVM treatments  conditions
Yamamoto, 23/M Right lower leg = Lower leg Cast Union of the
Japan [10] fracture immobilization fractures
at 2 years and 3
months
after injury.
Dubrey, 21/F Right thign and Surgical Skin bleeding Compressive Unknown
UK. [11] leg interventions therapy
Plasencia, 37/M Right upper = Skin ulcer Embolization Uneventful, but long
U.S.A. [12] arm term
follow-up is
unknown
Yahata, 23/M Left leg Embolization Limb ischemia Amputation Uneventful more
Japan [13] and than 2.5 years
skin ulcer
Stefanov-Kiuri, 77/F Left forearm = Skin ulcer Compressive Unknown
Spain [14] therapy
and local wound
care
Kondapavuluri, 32/F Right leg = Skin bleeding Disarticulation Unknown
India [15] ulcer
Espitia, 61/M Left thigh = Heart failure Embolization Death at day 40
France [16]
Chagas, 21/F Left leg Surgical Skin ulcer, joint Compressive Uneventful, but long
Brazil [17] intervention pain therapy term
and claudication follow-up is
unknown
Sharma, 17/M Left thigh to leg = Skin plaques, Compressive Improvement after 1
India [18] varicose veins therapy month of follow-up
and erosions and topical
emollients
Anzina, Neonate Left scapula and - Heart failure Embolization of Stable at the age of
Latvia [19] /E shoulder AVM and 16 months.
occ|usion of PDA
Zhao, 18/F Right leg - Hypertrophic Embolization No sign of
China [20] stains recurrence 2 years
after the procedure
Acar, 15/M Left upper arm Embolization Heart failure Implantation of Recurrence of heart
Turkey [21] covered stents failure
6 months after the
intervention
Patel, 20/F Left thigh = Pain of the thigh  Analgesics Unknown
US.A.[22]
Penialver, Neonate/ Left upper arm - Heart failure Surgical banding  Improvement over
U.S.A. [23] M the course of several
months.
Yamamoto, 51/M Right buttock Surgical ligation Heart failure Embolization Death 1.5 years later
Japan [24] and pelvis and embolization
Present case, 67/F Right thigh Embolization Sudden swelling  Embolization of Re-expansinon of

Japan

of the thigh and

the aneurysm

the

walking difficulty nextto a pseudoaneurysm
pseudoaneurysm 2 months after
embolization

AVM, arteriovenous malformation; PDA, Patent ductus arteriosus.

fective option than surgery for high-flow AVMs [3] in terms
of pain reduction and ulcer healing. However, as shown in
Table 2, the effectiveness of embolization may be temporary.
Repeated interventions are generally required for PWS, and
strategies against PWS follow long and convoluted paths. The
pathological findings of AVMs reveal that the malformed ar-

terial wall consists of heterogeneous elastic fibers [31], in-
dicating the possibility that AVMs and aneurysms can en-
large over time, even after embolization. When embolization
of a giant AVM is ineffective, amputation and disarticulation
of the affected limb should be considered as an eradication
therapy.



RADIOLOGY CASE REPORTS 19 (2024) 4766-4774

4773

[

Fig. 7 - Findings of CT 2 month after discharge. (A, B) CT revealed more expanded pseudoaneurysm (131 x 107 x 180 mm).

Conclusion

The treatment of a giant AVM of the lower limb associated
with Parks follows a long and convoluted path. When em-
bolization is ineffective, an orthopedic procedure should be
considered.
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Horner’s syndrome caused by the first rib A

fracture sustained during coronary artery
bypass grafting: a case report and literature
review

Hiroto Yasumura' ®, Koji Tao', Ryo Imada’, Yushi Yamashita', Naoki Tateishi' and Tamahiro Kinjo'

Abstract

Background Horner's syndrome is a rare complication of cardiovascular surgery. A bone fragment and hematoma
due to rib fracture after cardiac surgery may cause injury to the brachial nerve plexus and sympathetic nerve trunk,
leading to neurologic disorders and Horner's syndrome. However, few reports have revealed the etiology of Horner's
syndrome after cardiovascular surgery based on imaging. Herein we present a case in which a plain CT scan con-
firmed the etiology of Horner's syndrome after coronary artery bypass grafting (CABG), reviewing 139 CABG cases
retrospectively in our hospital and 6 case reports of Horner's syndrome associated with cardiovascular surgery.

Case presentation A 69-year-old woman with a history of percutaneous coronary intervention and total abdomi-
nal hysterectomy with bilateral salpingo-oophorectomy had chest pain on exertion. Coronary angiography showed
severe triple vessel disease. She underwent off-pump coronary artery bypass grafting (CABG). A median sternotomy
was performed, and the split sternums were widened using a sternal retractor. The bilateral internal thoracic arter-

ies were harvested. A triple CABG was performed. She had left shoulder pain after surgery. She complained of anhi-
drosis involving the left face and hyperhidrosis involving the right face from postoperative day (POD) 6. Left ptosis
and blurry vision appeared after discharge from the hospital, for which she saw a neurologist in our hospital on POD
48. Miosis could not be clearly confirmed. She was diagnosed with Horner's syndrome. A plain CT scan revealed
displaced fractures of the bilateral first ribs and left second rib. The bone fragment of the left first rib head was dis-
placed 3 mm anteriorly compared to the left first rib head before surgery, which suggested that the fragment affected
the stellate ganglion in the sympathetic trunk. The patient had regular follow-up evaluations. The anhidrosis persisted,
but the ptosis improved, and the miosis was not confirmed at the 6-month follow-up evaluation.

Conclusions We should recognize that Horner's syndrome is one of the complications of cardiovascular surgery,
especially CABG. Fracture of the first rib head with a displaced bone fracture was shown to be a contributor to ipsilat-
eral Horner's syndrome. When symptoms of Horner's syndrome and other neurologic symptoms are noted after open
heart surgery, a plain CT examination should be obtained.

Keywords Horner's syndrome, Rib fracture, Open heart surgery, Coronary artery bypass grafting
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median sternotomy is a remarkably forceful procedure,
requiring forces from 150 to 300 N (kg'm/s?) in corpses
[2] and leading to rib fracture. A bone fragment and
hematoma due to rib fracture may cause injury to the
sympathetic nerve trunk and brachial nerve plexus [3, 4],
leading to Horner’s syndrome and other neurologic dis-
orders. However, few reports have revealed the etiology
based on imaging. Herein we present a case in which a
plain CT scan confirmed the etiology of Horner’s syn-
drome after coronary artery bypass grafting (CABG),
reviewing 139 CABQG cases retrospectively in our hospi-
tal and 6 case reports of Horner’s syndrome associated
with cardiovascular surgery.

Case presentation

A 69-year-old woman with a history of percutaneous cor-
onary intervention and a total abdominal hysterectomy
with bilateral salpingo-oophorectomy had chest pain on
exertion. Coronary angiography showed severe triple
vessel disease. The SYNTAX score was 30, which favored
CABG over percutaneous coronary intervention. She
underwent off-pump CABG without anti-platelet respite.
A pillow was placed under the back adjacent to the shoul-
der bones. A median sternotomy was performed, and
the split sternums were widened using a sternal retractor
(IMR15-710-J; Getinge, Gothenburg, Sweden) (Fig. 1A,
B). Bilateral internal thoracic arteries (ITAs) were har-
vested with a Harmonic® scalpel (Johnson and Johnson,
NJ, USA). A saphenous vein graft was also harvested. A
triple CABG was performed. The respirator was with-
drawn on postoperative day (POD) 1. Her recovery was
uneventful, but she complained of left shoulder pain
after the surgery. She also had anhidrosis involving the
left face and hyperhidrosis involving the right face from
POD 6. The pain persisted and was treated with acetami-
nophen. The patient had such a severe allergy to a con-
trast agent that myocardial scintigraphy was substituted
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for a postoperative coronary CT. A plain CT and MRI
were not performed. The patient was discharged on POD
16. After discharge, in addition to anhidrosis involving
the left face, left ptosis and blurry vision appeared, for
which she saw a neurologist in our hospital on POD 48
(Fig. 2A). Miosis could not be clearly confirmed. She was
diagnosed with Horner’s syndrome. A head MRI revealed
no lesions around the medulla oblongata. The symptoms
persisted and a plain CT scan on POD 76 revealed dis-
placed fractures of the bilateral first ribs and left second
rib (Fig. 2B), which were thought to be caused by rib
retraction during the CABG. The bone fragment of the
left first rib head was displaced 3 mm anteriorly com-
pared to the left first rib head before surgery (Fig. 2C),
which suggested that the fragment affected the stellate
ganglion in the sympathetic trunk. The patient had regu-
lar follow-up evaluations. At the 6-month follow-up eval-
uation, the anhidrosis persisted, but the ptosis and blurry
vision improved, and the miosis was not confirmed.

To elucidate the relationship between Horner’s syn-
drome and the first rib fracture due to CABG using
ITA in our hospital, we retrospectively researched 139
patients who underwent CABG using an ITA from Janu-
ary 2022 to February 2024 who were followed by coro-
nary or plain CT scans within 2 months after CABG
(Table 1). In all cases, the same sternal retractor (IMR15-
710-]) was used. The bilateral ITAs, LITA, and RITA
were used in 91, 44, and 4 patients, respectively. The
types of rib fractures were categorized as displaced or
non-displaced (infraction fracture), and the sites of rib
fractures were divided into the head, neck, tubercle, and
body. Among all patients who sustained rib fractures, no
patient sustained more than one fracture per rib. Among
95 patients in whom the RITA was used, 31 (32.6%)
patients sustained a right first rib fracture, and among
135 patients in whom the LITA was used, 37 (27.4%)
patients sustained a left first rib fracture. Of both ribs, a

Fig. 1 Finding of LITA harvesting (These are pictures of reference and irrelevant to the patient described herein). A A median sternotomy
was performed and the split sternums were widened using a sternal retractor (IMR15-710-J; Getinge, Gothenburg, Sweden). The maximum chest
opening width of this retractor is 130 mm. This is a picture of reference and irrelevant to the patient described herein. B Rib retraction can be

adjusted by a screw. The maximum movement range of the screw is 70 mm
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Fig. 2 Findings before and after CABG. A Left ptosis appeared after discharge and she was diagnosed with Horner’s syndrome on postoperative
day (POD) 48. B Plain CT scan on POD 76 revealed displaced fractures of the right first rib neck (blue arrow) and the left first rib head (red arrow).
C Plain CT scan before CABG. Compared to this image, the bone fragment of the left first rib head (B, red arrow) was shown to be displaced 3 mm
anteriorly, which suggested that the fragment affected the stellate ganglion in the sympathetic trunk

Table 1 The first rib fracture after CABG using the ITA in our hospital (2022.1~2024.2)

Right Left
Harvested ITA 95 135
Site Head Neck  Tubercle Body Head Neck  Tubercle Body
First rib fracture Type Displaced 0 0 1 1 1 (this case) 0 0 8
Non-displaced (infraction) 3 10 0 16 4 5 6 13
Total 31 37

ITA Internal thoracic artery

fracture of rib body was most frequent (right, 54.8%; left,
56.8%). Although 8 (5.8%) of 139 patients sustained the
first rib head fracture, only the patient described herein
(0.72%) developed Horner’s syndrome.

Discussion

Horner’s syndrome results from damage to the ipsilat-
eral oculosympathetic pathway. Lung, breast, and medi-
astinum tumors, as well as neck injuries may cause the
syndrome due to direct compression of the oculosym-
pathetic pathway [5]. However, cardiovascular surgery
can also cause Horner’s syndrome. Only six case reports
[1, 6-10] of Horner’s syndrome due to cardiovascu-
lar surgery were identified on a search of the literature
(Table 2), which may in part be because the symptoms
of Horner’s syndrome do not always appear simultane-
ously and are sometimes too mild to be noticed. Left-
sided Horner’s syndrome was attributed to CABG in
three cases [1, 6, 10] and the current case, and left lat-
eral thoracotomy operation in two case [7, 8]. In most

cases, the firstly recognized Horner’s symptom was pto-
sis and the onset day was within 2 days after the opera-
tion. Generally speaking, Horner’s syndrome caused by
trauma is immediately diagnosed after a traumatic event,
but the symptoms can be shown in a delayed manner
[11], as in the current case. In some cases, the symptoms
resolved spontaneously or with medication.

A sternal retractor, especially one for harvesting the
ITAs, can cause rib fractures. Kimura [12] reported up to
five fractures of the left upper rib after CABG using the
left ITA (LITA). Rib retraction for harvesting ITAs after
a median sternotomy exerts leverage on ribs like a nail
puller. Specifically, the rib tubercle, split sternum, and rib
head are the fulcrum, point of force, and point of action,
respectively (Fig. 3). The rib head and neck are fixed by
the costovertebral joint and costotransverse ligament,
respectively. A sternal retractor for ITA harvesting is
often placed at an upper position across the sternal angle.
Forceful retraction during harvesting an ITA can exert
excessive work according to the principle of leverage,
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Fig. 3 Schema for the mechanism underlying rib fracture. Forceful retraction (blue arrow) can exert excessive work according to the principle
of leverage (red arrow), leading to a fracture at the point of action (rib head). If the rib is fragile, the power of excessive retraction may be conducted
to the point of action, resulting in disruption of the leverage principle and fracture between the fulcrum (rib tubercle) and point of force (split

sternum)

leading to fracture of the point of action (head of the first
rib). If the rib is fragile, the power of excessive retraction
may focus on the point of action, resulting in disruption
of the principle of leverage and a fracture between the
fulcrum (rib tubercle) and the point of force (split ster-
num). The rib fracture on CABG will incur more bleed-
ing because perioperative anti-platelet drug therapy is
a cornerstone of CABG. A displaced fracture and the
ensuing bleeding could lead to injury of the surrounding
organs and a hemothorax.

A dislocation fracture of the costovertebral joint has
been reported to cause injury to the intercostal artery
and azygos vein, leading to a hematoma [13]. In the same
way, a bone fragment of the first rib and subsequent
hematoma is considered to directly or indirectly com-
press brachial nerve plexus and stellate ganglion [3, 4,
12] (Fig. 4). The stellate ganglion, which is a second-order
neuron of the oculosympathetic pathway, is located on
the ventral surface of the first rib head [14] (Fig. 3). The
left stellate ganglion is more densely surrounded than the
right ganglion by the vertebral artery, esophagus, lon-
gus colli muscle, vertebral body, and left rib head, which
might explain why Horner’s syndrome occurs more often
on the left side after open heart surgery. In addition, the
LITA is used more frequently than the right ITA (RITA)
during CABG for its good patency.

Horner’s syndrome complicates all open heart surgery
in 0.6—1.7% of cases [3, 16—-18] and 0.2-7.7% of CABG
cases [19-21]. We retrospectively reviewed 139 CABG
cases, among which 8 patients (5.8%) sustained the first
rib head fracture (Table 1). Among those 8 patients,
only the patient with displaced fracture described herein
(0.72%) developed Horner’s syndrome, and the other 7
patients with non-displaced fracture (infraction fracture)
did not develop Horner’s syndrome. This can not only
graphically but also statistically prove that the displaced
bone fracture of the first rib head and the ensuing inflam-
mation and hematoma directly compress or injure the
left stellate ganglion and lead to Horner’s syndrome.

Horner syndrome after cardiovascular surgery may be
a self-limiting complication based on the outcomes of 7
patients (Table 2), including the patient described herein.
This finding can be in part because the inflammation
and hematoma surrounding the fracture improved over
time and the injured neuron recovered spontaneously.
However, we should take Horner syndrome into account
as a preventable complication. Minimum sternal widen-
ing and careful manipulation of a sternal retractor may
prevent iatrogenic Horner’s syndrome [6]. The incidence
of first rib fractures due to median sternotomy has been
reported to decrease when the sternal retractor is placed
at a lower position [3].
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Fig.4 Schema involving the mechanism underlying Horner's syndrome due to fracture of the first rib head. A bone fragment of the first rib head
and subsequent hematoma can compress or injure the stellate ganglion (orange arrow), which is a second-order neuron of the oculosympathetic
pathway, leading to Horner's syndrome. Copyright® 2011, Medic Media. Reproduced with permission from Institute for Health Care Information

Sciences ed. Medical Disease: An lllustrated Reference Guide. vol. 7 Neurology

From the viewpoints of the retraction blade, a sternal
retractor for harvesting the ITAs is mainly divided into
two types: Takedown pattern retractor and French pat-
tern retractor (Fig. 5). There are no reports comparing
the two retractors in the literature. A sternal retractor
can be equipped with foil load sensors to measure the
force distribution over the retractor blades [2]. There-
fore, further research for the relation among retraction
force, chest opening width, harvesting time, and ortho-
pedic and neurological complications for each retractor

and Neurosurgery. 1st ed. Tokyo, Japan: Medic Media; 2011 [15]

is expected, which may lead to a decrease in the com-
plications by retractors.

Conclusion

We should recognize that Horner’s syndrome is one of
the complications of cardiovascular surgery, especially
CABG. Fracture of the first rib head with a displaced
bone fracture is a contributor to ipsilateral Horner’s syn-
drome. When symptoms of Horner’s syndrome and other
neurologic symptoms are noted after cardiovascular sur-
gery, a plain CT examination should be obtained.

Fig. 5 Two types of sternal retractor for harvesting the ITAs. A Takedown pattern retractor (IMR15-710-J; Getinge, Gothenburg, Sweden). B French
pattern retractor (SCT70026 Sternal-IMA Retractor, M A Corporation, Chiba, Japan)
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Abbreviations

CABG  Coronary artery bypass grafting

pCl Percutaneous coronary intervention
ITA Internal thoracic artery

POD Postoperative day

LITA Left internal thoracic artery

RITAs  Rightinternal thoracic arteries
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Combining the deployment of
only the distal basket segment of
the EMBOTRAP Il and an
aspiration catheter for M2
occlusions: the ONE-SEG
technique

Yuki Hamada'*, Hideki Matsuoka?, Shinsuke Sato?3,
Yutaro Kawabata?, Kana lwamoto?, Mei Ikeda?!, Takeo Sato?,
Go Takaguchi! and Hiroshi Takashima*

!Department of Strokology, Stroke Center, National Hospital Organization Kagoshima Medical Center,
Kagoshima, Japan, 2Department of Neurosurgery, St. Luke’s International Hospital, Tokyo, Japan,
*Department of Neuroendovascular Therapy, St. Luke's International Hospital, Tokyo, Japan,
“Department of Neurology and Geriatrics, Kagoshima University Graduate School of Medical and
Dental Sciences, Kagoshima, Japan

Background: Endovascular therapy (EVT) for distal medium vessel occlusions
requires prioritizing effectiveness and safety. We developed a technique
combining the deployment of only the distal basket segment of the EMBOTRAP
Il and an aspiration catheter (AC) for M2 occlusions, called the "ONE-SEG
technique,” and evaluated its clinical and technical impacts.

Methods: This was a retrospective review of 30 consecutive patients with M2
segment middle cerebral artery occlusion treated using the ONE-SEG technique.
This method involves deploying the EMBOTRAP Il through a microcatheter
in only one segment and guiding the AC to the M2 origin or distal M1. The
rates of final-pass expanded thrombolysis in cerebral infarction (eTICI) scores
of 2c¢/3 or 2b/2c/3, safety (symptomatic intracranial hemorrhage [sICH]), and
clinical outcomes (modified Rankin Scale [mRS] score 0-2, 0—3 at 90 days, and
mortality at 90 days) were evaluated.

Results: Of the 30 cases, 36.7% were female, and the mean age was
75.6 + 11.0 years. The ONE-SEG technique was used for 17 cases (56.7%, median
NIHSS 10 [5-15.5]) with primary M2 occlusion and 13 cases (43.3%, median
NIHSS 20 [14-22.5]) with secondary M2 occlusion after proximal thrombus
removal. The successful final reperfusion rate (€TICI 2b/2c/3) was 90% overall
(27/30 cases). One case (3.3%) developed sICH with secondary M2 occlusion.
At 3months, mRS scores 0—-2 were seen in 64.7% of patients with primary M2
occlusion (11/17 cases) and in 23.1% (3/13 cases) with secondary M2 occlusion.

Conclusion: EVT using the ONE-SEG technique appears to be safe and effective
for M2 occlusion.
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Introduction

The effectiveness and safety of endovascular therapy (EVT)
for large vessel occlusion (LVO) in the anterior circulation have
been established, and it is now considered standard treatment
(1-5). However, questions still remain regarding the efficacy and
safety of EVT for peripheral cerebral artery occlusions such as
medium vessel occlusions (MeVOs), which account for 25-40% of
all acute ischemic stroke cases (6). This is believed to be due to the
challenges of medium cerebral artery occlusion treatment, since
peripheral vessels are narrow, tortuous, and fragile, increasing the
risk of bleeding complications associated with EVT. A meta-
analysis of EVT for M2 occlusion by the HERMES collaboration
reported modified thrombolysis in cerebral infarction (mTICI)
2b/3 in 58.2% and no symptomatic intracranial hemorrhage
(ICH), but a mortality rate of 11.9% (7). Furthermore, a review of
EVT for distal medium vessel occlusions (DMVOs) by Biljin et al.
found mTICI 2b/3 in 77%, a symptomatic ICH rate of 5.7%, and a
subarachnoid hemorrhage (SAH) rate of 8.3% (8), demonstrating
a considerable risk of bleeding complications. Meanwhile, the
TOPMOST registry suggested the potential benefit of EVT
compared with best medical treatment with respect to early
neurological improvement of P2 or P3 occlusions and reported a
symptomatic ICH rate of 4.3% (9). Thus, for MeVOs and DMVOs,
treatment prioritizing both effectiveness and safety is required.

Recently, evidence regarding the efficacy and safety of EVT
for MeVOs and DMVOs has been increasing. Devices such as
Tigertriever 13 (Rapid Medical, Yoqneam, Israel) (10), Mindframe
Capture low profile (LP) device (Medtronic, Minneapolis, MN,
USA) (11), Aperio (Acandis, Pforzheim, Germany) (12), Catch
View mini (Catch View; Balt, Montmorency, France) (13), pREset
LITE (phenoxGmbH, Bochum, Germany) (14), among others,
have shown promising results for MeVO and DMVO treatment.
This is presumed to be due to the improved performance and
evolution of recent stent retrievers (SRs) and aspiration catheters
(ACs), allowing devices to reach more peripheral vessels and
achieve a good efficacy and safety profile.

However, there is a growing number of reports demonstrating
safe and effective outcomes for MeVO or DMVO treatment by
using modified existing SRs and ACs. Techniques such as the
BEMP technique (15) and distal combined technique (16) are
examples. In addition, results for the effectiveness and safety of
semi-deployment of SRs for DMVO patients have also been
reported (17). The EMBOTRAP III (CERENOVUS, Johnson &
Johnson Medical Devices, Irvine, CA, USA) is an SR with a
structure divided into five segments, designed to have a high
thrombus capture rate and minimal resistance to the vessel. Its
distal segment, called the distal basket, has a finely designed mesh
at the tip, potentially capturing thrombi within it. This design,
being only one segment, reduces the amount of metal deployed
within the vessel and minimizes friction between the SR and the
vessel wall, potentially contributing to fewer bleeding
complications. A thrombectomy technique using only the distal
basket segment of the EMBOTRAP III and an AC for M2, named
the ONE-SEG technique, was evaluated, and the outcomes and
technical parameters, such as hemorrhagic complications, SAHs,
and spasm, of MCA M2 occlusion thrombectomy are reported.
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Subjects and methods
Study design

This was a retrospective, cohort study. Data were extracted from
the stroke database of our facility for patients who underwent EVT
from April 2014 to March 2024. The retrospective selection criteria
were as follows: (1) acute ischemic stroke (AIS) with a confirmed M2
occlusion on initial magnetic resonance imaging (MRI), or AIS with
LVO treated with EVT, with distal occlusion; (2) National Institutes of
Health Stroke Scale (NIHSS) score > 1; (3) time from symptom onset
to puncture of less than 24h; and (4) EVT performed using the
EMBOTRAP III device with the ONE-SEG technique. In addition, no
definition has been established regarding whether M2 occlusion is
LVO, MeVO, or DMVO. For convenience, M2 occlusion was not
classified as LVO (which included the internal carotid artery or M1)
in this paper, but as MeVO. This retrospective study was approved by
the local ethics committee.

Embotrap IlI

The EMBOTRAP III reperfusion device is a dual-structure
segmented SR designed to capture a wide range of thrombus
compositions and adhere to the vessel wall during retrieval. The main
design difference lies in the presence of closed-cell inner channels
within the outer cage and distal mesh of closed cells at the tip, known
as the distal basket. This design feature is expected to result in a high
rate of successful revascularization in EVT (18). Whereas the distal
basket is primarily designed to prevent distal embolization of thrombi,
each basket is equipped with gaps called inlet windows to capture
thrombi within the cage, including the distal basket, allowing for
thrombus capture. An overview of the distal basket of EMBOTRAP
III is shown in Figure 1.

Interventional protocol with the ONE-SEG
technique

The thrombectomy procedure was performed using the Siemens
ARTIS zee biplane angiography system (Siemens, Erlangen, Germany)
under local anesthesia. Cerebral digital subtraction angiography
(DSA) and EVT were performed via right femoral artery puncture in
all cases. A balloon-guiding catheter (BGC) was placed in the internal
carotid artery on the occlusion side using either an 8-Fr Optimo
(Tokai Medical Products Inc., Aichi, Japan) or an 8-Fr Emboguard
(CERENOVUES, Johnson & Johnson Medical Devices).

The ONE-SEG technique was performed in all cases using the
EMBOTRAP III device in combination with an AC. First, a 0.021-inch
microcatheter, Phenom21 (Medtronic, Minneapolis, MN, USA), was
placed distally to the occluded vessel. The Phenom21 was advanced as
distally as possible from the occlusion site to facilitate entry of the
thrombus into the inlet window of the distal basket of the EMBOTRAP
III. While attempting to advance the AC as far as possible to M2, if
difficulty was encountered due to vessel tortuosity or size, it was
positioned at the distal M1 for standby. AC size was selected by
measuring the diameter of the occluded vessel in the frontal and
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FIGURE 1

(A) Photograph showing only the distal basket of the EMBOTRAP Il deployed. The inlet window (pink area) of the distal basket is designed to capture
fragmentable thrombus. (B) Only the distal basket of the EMBOTRAP Il is deployed in a vascular model that mimics a 2-mm-diameter M2. Compared
to the inlet window in (A), the inlet window (green area) in (B) extends in the long-axis direction.

lateral views on baseline angiography. Subsequently, only the distal
basket of the EMBOTRAP III was deployed. As a guideline for
deployment under fluoroscopy, deployment was performed up to the
second marker from the tip. Next, aspiration was started using a
commercially available aspiration pump via the AC. If the AC could
be advanced to M2, the EMBOTRAP III was slowly pulled back and
withdrawn into the AC. If the AC could only be advanced to the distal
MI, both the AC and the EMBOTRAP III were pulled back to M1,
and then the EMBOTRAP III was withdrawn into the AC. Figures 2, 3
show an example of the ONE-SEG technique in action, and Figure 4
shows the steps of the ONE-SEG technique with illustrations.

Clinical factors

Baseline clinical characteristics were collected for the following
variables: sex, age, pre-stroke modified Rankin Scale (mRS) score,
medical history (hypertension, dyslipidaemia, diabetes mellitus,
current smoking, ischemic stroke, atrial fibrillation), admission systolic
blood pressure, baseline NIHSS score, initial symptoms such as motor
hemiparesis, sensory disturbance, and aphasia, baseline Alberta Stroke
Program Early CT Score (ASPECTS) on diffusion-weighted imaging
(DWI), time parameters (onset-to-door time, door-to-puncture time,
puncture-to-recanalization time), treatment profile (intravenous
thrombolysis), presentation type due to vascular occlusion (isolated
M2 occlusion, tandem occlusion, multi-vessel M2 occlusion), M2
occlusion location (proximal, distal), M2 type (dominant, codominant,
non-dominant), M2 division (superior, inferior, intermediate), M2
vessel diameter, type of AC used, and stroke etiology mechanism.

M2 definition

The MCA M2 segment is defined as the vessel from the
bifurcation/branching of the middle cerebral artery (MCA) to the

Frontiers in Neurology

circular sulcus of the insula (19, 20). The proximal M2 is defined as
the horizontal M2 segment within 1cm from the bifurcation/
branching of the MCA, and the distal M2 is defined as the Sylvian
M2 segment from the bifurcation/branching to the circular sulcus
of the insula (7, 20, 21). M2 dominance is defined as the M2 branch
having a larger diameter than other branches or when the retrograde
flow disturbance due to the occluded M2 branch is greater than 50%
of the same MCA territory. Occluded vessels were considered
co-dominant only when the diameters of the distal and proximal
branches were equal, and the associated perfusion deficit was less
than 50% of the MCA territory (22). Occlusions were classified
based on their clinical scenarios: isolated M2 occlusion, tandem
occlusion, or multi-vessel M2 occlusion. Tandem occlusion was
defined as simultaneous large vessel/proximal occlusion with M2
occlusion. Multi-vessel M2 occlusion was defined as occlusion of the
M2 superior trunk and M2 inferior trunk of the MCA on the
same side.

Outcomes

Technical outcomes were defined as achieving expanded
Thrombolysis in Cerebral Infarction (eTICI) scores (23) of 2¢/3 and
2b/2¢/3 in the target M2 segment. Safety outcomes included the
presence of any parenchymal hematoma (PH) [PH type 1 or 2] based
on hemorrhagic transformation criteria from the ECASS (24), any
intracerebral hemorrhage (ICH), symptomatic ICH (defined as any
ICH including those with an increase from the baseline NIHSS
score>4 points based on ECASS II criteria), subarachnoid
hemorrhage (SAH) (diffuse or focal within the territory of treated
artery occlusion), extravasation (defined as extravascular leakage of
contrast media), degree of spasm (defined as any degree of spasm in
treated vessels), embolization to the same or different territory after
thrombectomy, active perfusion deficits, and 90-day mortality.
Imaging evaluation of ICH and SAH was done on day 1 with head
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FIGURE 2

Illustrative cases of the ONE-SEG technique using an EMBOTRAP IIl to remove a clot. (A) Anterior view and (B) lateral view of multiple M2 occlusions.
Thrombectomy is performed on the superior branch (white arrow). (C) Photograph showing the EMBOTRAP Il deployed in a one-segment
configuration (black arrow). As a guide for fluoroscopic deployment, deployment is performed up to the second marker from the tip (black arrowhead).
(D,E) Final angiographic images, anterior view (D) and lateral view (E), after reperfusion.

FIGURE 3

(A) Anterior view of a proximal M2 occlusion (white arrowhead). (B) A microcatheter is guided distal to a thrombus using a microguidewire. Then,
contrast injection is performed to ensure that the tip of the microcatheter is beyond the thrombus. (C) The EMBOTRAP Ill is subsequently deployed in a
one-segment configuration (black arrowhead). As a guide for fluoroscopic deployment, deployment is performed up to the second marker from the
tip. (D) Since the AC cannot advance to M2, both the AC and EMBOTRAP Il distal basket are pulled back to M1, and then the distal basket is pulled back
into the AC. (E) Final angiographic image after reperfusion. (F) Actual thrombus retrieved within the distal basket using the ONE-SEG technique.

CT. Functional outcomes were defined as good (rate of mRS scores  approach: ONE-SEG technique for patients with primary M2
0-2) at discharge or at 90 days, or relatively good (mRS scores of 0-3).  occlusion or ONE-SEG technique for patients with secondary M2
Patients were analyzed together and then separately based on the EVT  occlusion after proximal thrombectomy with another technique.

Frontiers in Neurology 04 frontiersin.org


https://doi.org/10.3389/fneur.2024.1424030
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hamada et al.

Statistical methods

Statistical analysis was performed using JMP version 15 (SAS
Institute, Cary, NC, USA). Continuous variables, including

FIGURE 4

Illustration demonstrating clot retrieval using the ONE-SEG
technique with the EMBOTRAP IlI. The balloon of the guiding
catheter with a balloon is inflated to preclude flow from the internal
carotid artery beforehand. (A,B) When the aspiration catheter (AC)
can be navigated to the M2, a 0.021-inch microcatheter is guided
distally using a microguidewire into the occluded vessel.
Subsequently, only the distal basket of the EMBOTRAP Il is deployed,
with fluoroscopy guidance to ensure deployment up to the second
marker from the tip. Then, aspiration is started using the AC,
followed by slowly pulling and retracting the EMBOTRAP llI into the
AC. (C—E) When the AC can be navigated only to the M1 distal,
similar to the approach in (A,B), the distal basket of the EMBOTRAP III
is deployed from the distal end of the clot. Subsequently, both the
AC and the EMBOTRAP Il are pulled linearly to the M1, followed by
retracting the EMBOTRAP lll into the AC.

10.3389/fneur.2024.1424030

treatment-related time, NIHSS, DWI-ASPECTS, and mRS score, are
presented as median [interquartile range (IQR)] values, and
non-continuous variables are reported as proportions. Ages are shown
as mean and standard deviation values.

Results

The flowchart of the study is provided in Figure 5. From a
retrospective stroke registry, 262 patients diagnosed with AIS within
24h of onset between April 2014 and March 2024 were included. Of
them, 72 patients underwent EVT for M2 occlusion; 30 were treated
using the ONE-SEG technique, including 17 with primary M2
occlusion and 13 with secondary M2 occlusion.

Baseline characteristics

Results are presented in Table 1. Overall, there were 11 females
(36.7%), and the average age was 75.6 £ 11.0 years. The median
NIHSS score was 14 (IQR: 5.8-21.3) for all patients, 10 (5-15.5)
for primary M2 occlusion, and 20 (14-22.5) for secondary M2
occlusion, indicating lower neurological severity in primary M2
occlusion cases. Motor hemiparesis was present in 26/30 (86.7%)
overall, with sensory disturbance in 17/30 (56.7%). Only sensory
disturbance was seen in 0%. Aphasia, which is considered to
be functionally important, was seen in 18/30 (60.0%) overall. The
DWI-ASPECTS was 8 (IQR: 6-9) overall, 8 (8-9.5) for primary M2
occlusion, and 6 (5-8) for secondary M2 occlusion, suggesting a
more extensive infarct in secondary M2 occlusion cases. The
median time from symptom onset-to-door was 107 (IQR: 65-356)
minutes, median time from door-to-puncture was 68 (55-85)
minutes, and median time from puncture-to-reperfusion was 59

AIS patients enrolled within 24 hours of onset between
April 2014 and March 2024 in our Stroke Registry
LVO patients with EVT: n =262

| Anterior circulation LVO patients with EVT: n =236

I Posterior circulation LVO patients with EVT: n =26

With EVT
Anterior cerebral artery occlusion: n =3

| Primary M2 occlusion patients with EVT: n =32

Common carotid artery occlusion: n= 3
Middile cerebral artery M1 occlusion: n = 118
Internal carotid artery occlusion: n =71
Others: n=18

Secondary M2 occlusion
patients with EVT: n = 40

| | Not secondary M2 occlusion |
patients with EVT: n =164

| Primary/secondary M2 occlusion patients

with EVT: n =72
|

|  Primary/secondary M2 occlusion patients with not |
ONE-SEG technique: n =42

]
Primary/secondary M2 occlusion patients with ONE-
SEG technique: n =30

FIGURE 5

carotid artery; MCA, middle cerebral artery.

Study flowchart. AlS, acute ischemic stroke; ACA, anterior cerebral artery; CCA, common carotid artery; EVT, endovascular therapy; ICA, internal
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TABLE 1 Baseline characteristics of primary/secondary M2 patients treated with the ONE-SEG technique.

10.3389/fneur.2024.1424030

Primary M2 Secondary M2

Number of patients, n (%) 30 (100) 17 (56.7) 13 (43.3)
Baseline characteristic

Age, y (mean +SD) 75.6+11.0 74.9+12.8 76.6+8.6
Female, 1 (%) 11 (36.7) 7 (41.2) 4(30.8)
Prestroke mRS score, median (IQR) 0(0-0.25) 0(0-0) 0(0-3)
Hypertension, n (%) 23(76.7) 13 (76.5) 10 (76.9)
Dyslipidaemia, n (%) 9 (30) 6 (35.3) 3(23.1)
Diabetes mellitus, n (%) 8(26.7) 4(23.5) 4(30.8)
Current smoking, # (%) 8(26.7) 6(35.3) 2(15.4)
Ischemic stroke, 1 (%) 4(13.3) 2(11.8) 2(15.4)
Atrial fibrillation, # (%) 22(73.3) 12 (70.6) 10 (76.9)

Systolic blood pressure on admission, mmHg (IQR)

168 (153-178)

166 (145-184)

168 (161-178)

Baseline NTHSS score, median (IQR) 14 (5.8-21.3) 10 (5-15.5) 20 (14-22.5)
Motor hemiparesis, n (%) 26 (86.7) 14 (82.4) 12 (92.3)
Sensory disturbance, 1 (%) 17 (56.7) 8(47.1) 9(69.2)
Aphasia, n (%) 18 (60.0) 8 (47.1) 10 (76.9)
Baseline DWI ASPECTS score, median (IQR) 8 (6-9) 8 (8-9.5) 6 (5-8)
Intravenous alteplase, 1 (%) 13 (43.3) 10 (58.8) 3(23.1)
Time parameters

Onset-to-Door time, min (IQR) 107 (65-356) 78 (54-243) 197 (78-663)
Door-to-Puncture time, min (IQR) 68 (55-85) 71 (56-84) 62 (55-86)
Puncture-to-Recanalization time, min (IQR) 59 (40-78) 56 (34-72) 67 (45-108)

Data are presented as number (%) or median (interquartile range) values. Ages are shown as mean and standard deviation values. ASPECTS, Alberta Stroke Program Early Computed

Tomographic Score; DW1, diffusion-weighted imaging NTHSS, National Institutes of Health Stroke Scale. ONE-SEG technique, combining the deployment of only the distal basket segment of
the EMBOTRAP III and aspiration catheter. Bold values in Primary M2, M2 occlusion that occurred de novo; Secondary M2, M2 occlusion from occlusion of a large vessel due to migration or

fragmentation of a thrombus.

(40-78) minutes. For primary M2 occlusion cases, the median time
from puncture-to-reperfusion was 56 (34-72) minutes.

Intravenous alteplase was used in 13 patients (43.3%), with a
higher rate observed in primary M2 occlusion cases (10/17, 58.8%)
than in secondary M2 occlusion cases (3/13, 23.1%).

The following points are presented in Table 2. BGC was used in
all cases. As for the ACs, mid-sized catheters including 3MAX
(Penumbra, Alameda, CA, USA) (2 cases, 6.7%), AMAX (Penumbra)
(4 cases, 13.3%), and 5Fr SOFIA (MicroVention Terumo, Aliso Viejo,
CA, USA) (1 case, 3.3%) were used, along with large-sized catheters
such as CAT60 (Stryker Neurovascular, Fremont, CA, USA) (1 case,
3.3%), RED62 (Penumbra) (2 cases, 6.7%), REACT68 (Medtronic,
Minneapolis, MN, USA) (7 cases, 23.3%), REACT71 (Medtronic) (12
cases, 40%), and 6Fr Esperance Distal Access Catheter 0.071”
(Wallaby, Shanghai, China) (1 case, 3.3%). Of the occlusion patterns,
solitary M2 occlusion accounted for 23/30 cases (76.7%). Tandem
occlusion was absent, but multi-vessel M2 occlusion was observed in
7/30 cases (23.3%), although EVT was not performed for
non-eloquent occlusion sites. Regarding the location of M2 occlusion,
proximal and distal M2 occlusions were observed in 15/30 cases
(50%) each. A dominant upper or lower branch was observed in
19/30 cases (63.3%), whereas co-dominance of M2 branches was
observed in 11/30 cases (36.7%) in patients with M2 occlusion, with
primary M2 in 35.3% and secondary M2 in 38.5%. Non-dominant
M2 accounted for 0% throughout this study.
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Functional outcomes

Of the 30 patients, 6 (20%) achieved eTICI score 2¢/3 on the first
pass, and 12 (40%) achieved eTICI score 2b/2¢/3 on the first pass. A
final eTICI score of 2¢/3 was achieved in 22 patients (73.3%), whereas
a final eTICI score of 2b/2¢/3 was obtained in 27 patients (90%). The
median (IQR) number of passes for primary M2 occlusion was 2
(1-3). For secondary M2 occlusion, considering the first attempt after
the occlusion changed due to the preceding technique as the 1st pass,
the median (IQR) number of passes was 2 (1-2.5).

Technical parameters

Regarding safety and efficacy outcomes, there were a total of 5
cases of ICH, with 3/5 cases (17.7%) occurring in primary M2
occlusion and 2/5 cases (15.4%) in secondary M2 occlusion cases.
Symptomatic ICH occurred in 1 case (3.3%) overall, in a case of
secondary M2 occlusion. PH occurred in 2 cases (6.7%) overall, all of
which were observed in secondary M2 occlusion cases. Embolization
to the same territory after thrombectomy for proximal occlusion was
observed in 1 case (3.3%) overall, in a primary M2 occlusion case.
Spasm was observed in 1/30 cases (3.3%) overall, in a primary M2
occlusion case. SAH, extravasation, and embolization to different
territories were not observed.
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TABLE 2 Baseline angiographic type and stroke etiology of primary/secondary M2 patients treated with the ONE-SEG technique.

Primary M2 Secondary M2
Number of patients, n (%) 30 (100) 17 (56.7) 13 (43.3)
Angiographic type of presentation (by vessel)
Isolated M2 occlusion, 1 (%) 23(76.7) 12 (70.6) 11 (84.6)
Tandem M2 occlusion, # (%) 0(0) 0(0) 0(0)
Multi-vessel M2 occlusion, 7 (%) 7(23.3) 5(29.4) 2 (15.4)
Vessel diameter of M2, median, (IQR) mm 2.0(1.8-2.2) 2.0 (1.9-2.3) 2.0 (1.8-2.1)
M2 occlusion site
Proximal M2, n (%) 15 (50) 10 (58.8) 5(38.5)
Distal M2, n (%) 15 (50) 7 (41.2) 8(61.5)
M2 division
Superior M2, n (%) 16 (53.3) 8 (47.1) 8 (61.5)
Inferior M2, n (%) 14 (46.7) 8(47.1) 6(46.2)
Intermediate M2, n (%) 0(0) 0(0) 0(0)
M2 type
Dominant M2, n (%) 19 (63.3) 11 (64.7) 8(61.5)
Co-dominant M2, n (%) 11 (36.7) 6 (35.3) 5(38.5)
Non-dominant M2, n (%) 0(0) 0(0) 0(0)
Aspiration catheter
3MAX, n (%) 2(6.7) 1(5.9) 1(7.7)
AMAX, n (%) 4(13.3) 2(11.8) 2(15.4)
5Fr SOFIA, 1 (%) 1(3.3) 1(5.9) 0(0)
CAT60, n (%) 1(3.3) 1(5.9) 0(0)
REDG62, 1 (%) 2(6.7) 2(11.8) 0(0)
REACTG68, n (%) 7(23.3) 4(23.5) 3(23.1)
REACT71, n (%) 12 (40) 5(29.4) 7 (53.9)
6Fr Esperance, n (%) 1(3.3) 1(5.9) 0(0)
Etiology
Cardioembolic, 1 (%) 25(83.3) 16 (94.1) 9 (69.2)
Large artery atherosclerosis, 1 (%) 4(13.3) 3(5.9) 3(23.1)
Undetermined, # (%) 1(3.3) 0(0) 1(7.7)

Data are presented as number (%) or median (interquartile range) values. Bold values in Primary M2, M2 occlusion that occurred de novo; Secondary M2, M2 occlusion from occlusion of a

large vessel due to migration or fragmentation of a thrombus.

The rate of good outcomes (mRS score 0-2) at discharge was
43.3% overall (13/30 patients), and at 3 months, it was 46.7% (14/30
patients). The rate of relatively good outcomes (mRS score 0-3) was
60% (18/30 patients) at discharge and 73.3% (22/30 patients) at
3 months. Two patients with a history of severe heart failure died.
Outcomes of M2 patients treated with the ONE-SEG technique are
summarized in Table 3.

Discussion

Clinical outcomes and technical
parameters

In this retrospective study, the ONE-SEG technique for M2
occlusion appeared to be safe and effective, both for primary and
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secondary M2 occlusions. In this selected small series of patients, the
clinical outcomes seemed encouraging, with functional independence
at 3months observed in 13 of 30 patients overall (46.7%), with 11 of
17 patients (64.7%) with primary M2 occlusion achieving functional
independence at 3 months. In contrast, only 3 of 13 patients (23.1%)
with secondary M2 occlusion achieved functional independence at
3months, but the mRS score 0-3 rate was 53.9% (7/13). This
discrepancy may be attributed to the fact that patients with secondary
M2 occlusion had higher baseline NIHSS scores (median 20 vs. 10),
lower baseline DWI-ASPECTS values (median 6 vs. 8), and delayed
onset-to-door times (median 197 vs. 78 min), which were believed to
have affected the outcomes. There were only 2 deaths (6.7%), which is
similar to previous reports and may suggest the clinical benefits and
safety of the ONE-SEG technique for M2 occlusion. Symptomatic ICH
was observed in 1 case (3.3%), and PH was observed in 2 cases (6.7%),
all in cases of secondary M2 occlusion. SAH, extravasation, and spasm
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TABLE 3 Outcomes of primary/secondary M2 patients treated with the ONE-SEG technique.

Primary M2 Secondary M2
Number of patients, n (%) 30 (100) 17 (56.7) 13 (43.3)
Outcome
Procedural outcome
Number of passes, median (IQR) 2(1-3) 2(1-3) 2 (1-2.5)
First-pass eTICI score 2¢/3, n (%) 6 (20) 3(17.7) 3(23.1)
First-pass eTICI score 2b/2¢/3, n (%) 12 (40) 7 (41.2) 5(38.5)
Final eTICI score 2¢/3, n (%) 22(73.3) 12 (70.6) 10 (70.9)
Final eTICI score 2b/2¢/3, n (%) 27 (90) 15 (88.2) 12 (92.3)
Safety outcome
Any ICH, 1 (%) 5(16.7) 3(17.7) 2(15.4)
Symptomatic ICH, n (%) 1(3.3) 0(0) 1(7.7)
Parenchymal hematoma, 7 (%) 2(6.7) 0(0) 2 (15.4)
Subarachnoid hemorrhage, 7 (%) 0(0) 0(0) 0(0)
Extravasation, n (%) 0(0) 0(0) 0(0)
Spasm, 1 (%) 1(3.3) 1(5.9) 0(0)
Embolization to distal territory, 1 (%) 1(3.3) 1(5.9) 0(0)
Embolization to new territory, n (%) 0(0) 0(0) 0(0)
Mortality at 90 days, 7 (%) 2(6.7) 1(5.9) 1(7.7)
Efficacy outcome
mRS score at discharge, median (IQR) 3(1-4) 2 (0.5-3) 4 (3-4.5)
mRS score 0-2 at discharge, 1 (%) 13 (43.3) 11 (64.7) 2(15.4)
mRS score 0-3 at discharge, 1 (%) 18 (60) 14 (82.4) 4(30.8)
mRS score at 3 months, median (IQR) 3(1-4) 1(0-3) 3(2.5-4.5)
mRS score 0-2 at 3months, n (%) 14 (46.7) 11 (64.7) 3(23.1)
mRS score 0-3 at 3 months, 1 (%) 22 (73.3) 15 (88.2) 7 (53.9)

Data are presented as number (%) or median (interquartile range) values.

eTICI, expanded Thrombolysis in Cerebral Infarction; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; ONE-SEG technique, combining the deployment of only the distal basket
segment of the EMBOTRAP III and aspiration catheter. Bold values in Primary M2, M2 occlusion that occurred de novo; Secondary M2, M2 occlusion from occlusion of a large vessel due to

migration or fragmentation of a thrombus.

were not observed. Kurre et al. (14) described their experience using
the pREset LITE device in patients with extensive occlusions,
achieving a successful reperfusion rate (modified TICI 2b/3) of 70%,
with a low rate of vasospasm (5.6%), similar to the low incidence of
spasm observed in the present study (3.3%). Kithn et al. (25) used the
3 mm x 20 mm Trevo XP ProVue (Baby Trevo, Stryker Neurovascular,
Fremont, CA, USA), achieving successful reperfusion in 85.7% (TICI
grade 2b/3) of cases without observed vascular damage, rupture, or
significant vasospasm. These results are believed to minimize stress on
the vessel wall and reinforce the clinical safety of the
ONE-SEG technique.

Radiological outcomes

Of all M2 patients treated with the ONE-SEG technique, effective
reperfusion with final eTICI 2b/3 was achieved in 27 of 30 cases
(90%). Comparing baseline characteristics and angiographic and
clinical outcomes of M2 occlusion patients treated with the ONE-SEG
technique with other series focusing on DMVO, they appeared similar.
Guenego et al. (10) used the Tigertriever 13 in DMVO patients,
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reporting an overall effective reperfusion rate (modified TICI 2b/3) of
94% (91% for primary DMVO, 100% for secondary DMVO) and good
clinical outcomes (mRS score 0-2 at 3 months) of 65% (55% for
primary DMVO, 83% for secondary DMVO). In addition, Dobrocky
etal. (11) used the Mindframe Capture LP device for M2 occlusions,
achieving a successful reperfusion rate (modified TICI 2b/3) of 74%
and good clinical outcomes (mRS score 0-2 at 3 months) in 65% of
cases. Hofmeister et al. (13) used a different device, the CatchMini,
resulting in a successful reperfusion (good capillary reperfusion) rate
of 78% and good clinical outcomes (mRS score <2) in 82.4% of cases.

Procedural concepts

The ONE-SEG technique relies primarily on a combined
technique using both an SR and an AC. Though various effective
techniques have been reported as combined techniques for LVO (26—
28), reports specifically focusing on techniques limited to DMVO are
scarce (15, 16). The ONE-SEG technique is divided into two methods
based on whether the AC can be advanced to the M2 segment or only
to the distal M1 segment. This is to align the vector of traction of the
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SR with the aspiration port of the AC. If the AC can only be advanced
to the distal M1 segment, there will be a misalignment of the
aforementioned axis, potentially leading to clot loss when retracting
the SR into the AC. Therefore, both devices are initially lowered to the
M1 segment of the MCA, which is anatomically closer to a straight
line, before retracting the SR into the AC. This method is believed to
prevent a decrease in thrombus retrieval efficiency.

In addition, the structure of the EMBOTRAP III is unique
compared to other SRs. The distal basket of the EMBOTRAP III has
an inlet window, a gap designed into the distal basket. Compared to
the previous EMBOTRAP II, the mesh at the tip of the distal basket
has become finer, and the gap of the inlet window has been slightly
expanded in the EMBOTRAP III. Whereas the diameter of the M2
vessel is reported to be 1.4-2.3mm (29), when deploying the device
in narrow vessels for a one-segment expansion, the gap of the inlet
window expands further. This structure facilitates the capture of
thrombi even in small-diameter vessels and contributes to preventing
distal embolization of thrombi. It is believed that this feature
contributes to the successful incorporation of clot retrieval during
one-segment expansion. This may explain the relatively high rate of
final eTICI 2b/2¢/3 observed in the present study. Furthermore,
one-segment expansion reduces friction of the SR, leading to
decreased bending, stretching, and twisting of small tortuous distal
vessels, which is expected to prevent damage during withdrawal of
penetrating branches.

Strengths and pitfalls of the ONE-SEG
technique

One of the strengths of the ONE-SEG technique is its ability to
perform reperfusion procedures safely and effectively even in relatively
tortuous vessels branching from the superior trunk or similar small
bends, with minimal friction and resistance to the vessel during
traction. Since only one of the five segments of the EMBOTRAP III is
deployed, the metal contact area with the vessel is minimized,
reducing the traction force on the vessel during SR retrieval and
contributing to a decreased risk of penetrating branch withdrawal
injury or vessel dissection. Another strength is the simplicity of the
technique compared with other combined techniques, which is
believed to have minimal impact on the delay in puncture-to-
reperfusion time. Furthermore, the EMBOTRAP III has a 4-mm
flexible distal marker at the tip, which allows for advancement in
tortuous vessels with minimal risk of vessel damage and enables
deployment while pushing out during one-segment expansion. The
authors have not seen vessel damage during push-out expansion in
tortuous segments, indicating an advantage in that even non-experts
can perform this technique safely.

However, there are several pitfalls to this technique. When there
is a large amount of thrombus, there may be limitations to the
occupied volume of the distal basket, and it may not be possible to
retrieve all thrombi in one pass. Therefore, it is reccommended that the
procedure be performed in multiple passes rather than insisting on
reperfusion in one pass, especially when there is a large amount of
thrombus. The median number of passes in ONE-SEG technique was
two. In addition, it has been reported that it may be difficult to achieve
successful reperfusion in cases of firm clot (30). It should also be noted
that, depending on the location of the thrombus (e.g., on the convex
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or concave side of the vessel), there may be difficulty in effectively
capturing it with the inlet window of the distal basket. Thus, achieving
reliable retrieval may also be challenging with this technique.

Limitations

There are several limitations to this study. First, it was a single-arm
study with a small sample size of 30 cases. Second, the ONE-SEG
technique using the EMBOTRAP III cannot be compared to
techniques using other devices, including simple SR techniques, AC,
or the combined use of stent retriever techniques. Third, the lack of a
formal protocol for device selection may introduce bias by not
measuring variables not captured for the ONE-SEG technique for
distal occlusion thrombectomy. Fourth, the inclusion criteria of
NIHSS score > 1 point and within 24 h of onset may overestimate the
efficacy of EVT for M2 occlusions. Fifth, the present study included
M2 occlusion cases with an NIHSS score > 1. However, the efficacy of
EVT for mild symptoms with an NIHSS score<5 has not been
demonstrated. For MeVO cases, though intravenous rt-PA therapy
may be effective, the comparative benefit of monotherapy versus
combination therapy with EVT in cases with mild symptoms remains
unclear. Sixth, although this procedure is based on the premise of a
combined technique, it is considered to be safe and easy to perform
even for first-time students of thromboprophylaxis because of its low
intraoperative complications. However, its widespread adoption
depends on medical infrastructure, expertise, and patient choice.
Continued research and education are essential to increase its
accessibility and impact. Finally, due to insurance issues, careful
consideration of the costs associated with device use is necessary.
However, despite these limitations, the present results are encouraging,
and further research is warranted.

Conclusion

Using the ONE-SEG technique for thrombus extraction appears
to be safe and effective for M2 occlusions, classified as MeVOs.
Clinical outcomes, including high rates of successful reperfusion and
minimal hemorrhagic complications, align with those observed in
patients with proximal occlusions. However, larger cohort studies are
needed to verify its clinical benefits.
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Screening of 1-Month-Old Infants With Prolonged
QT Interval and Its Cutoff Value
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Background: The prevalence of congenital long QT syndrome (LQTS) (1:2,000) is based on genetic testing and ECG data, but the
prevalence of electrocardiographically determined prolonged corrected QT interval (pQTc) in infants is unclear.

Methods and Results: Subjects were 10,282 1-month-old infants who participated in 2 prospective ECG screening studies per-
formed in 2010-2011 and 2014-2016. Infants with a QTc 20.45 using Bazett's formula [QTc(B)] at 1-month medical checks were
re-examined. pQTc was defined as QTc >0.46 on 2 different ECGs in early infancy. Infants with QTc >0.50 or progressive prolonga-
tion of QTc to 0.50 were defined as at high risk. The prevalence of infants with a pQTc was 11/10,282 (1:935; 95% confidence
interval, 1:588—1:2,283). Five infants were diagnosed as at high risk, and all infants had an abrupt increase in QTc(B) values in
early infancy, mostly at 6—11 weeks after birth and when medication was started. No infants with a pQTc experienced LQTS-related
symptoms. Statistical analysis showed that a cutoff QTc(B) 20.45 was optimal for screening infants with a pQTc.

Conclusions: The prevalence of ECG-determined pQTc is approximately 1:1,000. An abrupt increase in QTc(B) values occurs in
infants at high risk, mostly at 611 weeks after birth. A cutoff QTc(B) value >0.45 may be appropriate for 1-month-old screening in
this population.

Key Words: Cutoff values; Infants; Neonatal screening; Prevalence; Prolonged QT interval

disorder that is characterized by delayed repolar-
izalion and a long QT interval on 12-lead ECG.'?
The hallmark of LQTS is syncope or sudden death due to
torsade de pointes.!? Sudden infant death syndrome

C ongenital long QT syndrome (LQTS) is a genetic

(SIDS) is one of the major causes of death in infancy, with
the highest peak at 75 days of life.3 SIDS is multifactorial
in origin, but a previous study showed that the odds ratio
for SIDS in infants with a prolonged corrected QT interval
by Bazett’s formula [QTc¢(B)] was 41.3.4 The period of the
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highest peak of SIDS? and the highest prevalence of unex-
pected sudden infant death (1-3 months of age)® corre-
spond to the period of the highest QTc values (611 weeks
after birth) in the healthy general population.6

Population-based neonatal screening remains controver-
sial.” However, prospective studies on the prevalence of
LQTS that were performed in Italy (44,596 infants),!!
Japan (4,319 infants),? Germany (2,251 infants),’® and
Spain (685 infants)'¥ showed that no infants with congeni-
tal LQTS or with a prolonged corrected QT interval
(pQTc) showed LQTS-related symptoms,'-* including
sudden death with interventional medication. Those studies
suggest that ECG screening can identify most infants with
a pQTc and that it is an cflective preventive measure [or
sudden infant death in those with a pQTc.

The prevalence of congenital LQTS is approximately
1:2,000 when the diagnosis is based on the combination of
QT interval and genetic testing.!! The prevalence of infants
with a pQTc can differ according to the definition of pQTec.
However, the prevalence of QT prolongation determined
by ECG in infancy is not well known, and screening cutoff
values for infant pQTc is still under investigation. In previ-
ous studies, ECG recordings were repeated when the initial
QTc(B) was >450ms (or 2450ms).!12 A recent study of
5,000 neonatal ECGs, including 17 infants with LQTS-
causing pathogenic variants, showed that an appropriate
cutoff value of QTc(B) for infants was 460 ms,!5 although
subsequent studies still used the cutoff value of 450 ms.13.14
The cutoff value of 460 ms should be applied to other ethnic
groups that include a relatively large number of partici-
pants.

The first study of ECG screening was performed in 4,319
I-month-old infants in Japan.'? A second prospective
study of ECG screening was performed in 6,006 1-month-
old infants, and 10,325 infants were prospectively screened.
The present study aimed to determine the prevalence of
infants with a pQTc and identify those at high risk, as well
as determining the cutoll QTc(B) values lor screening
infants with a pQTc in this population.

Methods

Subjects

Prospective ECG screenings were performed twice at
1-month medical checks. The first study was conducted in
16 maternity institutes in 8 areas in Japan between July
2010 and March 2011. Details of this study were described
in a previous report.!” The second study was performed in
14 maternity institutes in 8 areas (Kagoshima, Fukuoka,
Nagoya, Toyoake, Ogaki, Tsukuba, Toyama, and Niigata)
between September 2014 and February 2016. The parents
were asked to participate in these studies at the time of
discharge from the maternity institutes. A total of 10,325
infants, including 4,319 and 6,006 infants in the first and
second studies, respectively, participated at the time of the
1-month medical check after obtaining written informed
consent from the parents. The procedures in this study
were performed in accordance with the Declaration of
Helsinki. We obtained permission to use and analyze these

data from the Ethics Committee of the NHO Kagoshima
Medical Center (Approval nos. 22-3, 26-7, and 2020-45).

Analysis of ECGs and Measurement of the QT Interval

The 12-lead ECGs were recorded at a speed of 25mm/s
using a FCP-series recorder (FCP-4700, -7431, -7541, -8221,
and -8800; Fukuda Denshi, Tokyo, Japan). The ECGs
were initially read in each center, and a written report was
sent to the parents of each participant. All QT/RR data for
the present study were re-measured by 1 author (M.Y.).
The QT intervals of 3 consecutive beats were manually
measured using the tangent method from the onset of the
Q wave to the end of the T wave in lead Vs or lead 1I.

Correction of the QT Interval in Infants and School-Age
Children

The exponent k in the formula of (QTc)=(QT interval)/
(RR interval)* that minimizes the effect of heart rate in
infants was shown to be 0.43 in a Japanese population® or
0.467 in an ltalian population.' The k value was also
determined for the present population and calculated by
simple regression analysis using the log-transformed QT
interval as the dependent variable and the log-transformed
RR interval as the independent variable. All 3 QT/RR data
of the subjects were used in the calculation, which revealed
that the k value was 0.449 for the present population. The
k values for these 3 populations (0.430 for Japanese
infants, 0.467 for Italian neonates, and 0.449 for infants at
1-month medical check in the present study) were closer to
that calculated by Bazett’s formula (k=1/2 or 0.500) than
that calculated by Fridericia’s formula (k=1/3 or 0.333).
We used Bazett’s formula to correct the QT interval in the
present study because the difference in k values between
population studies and Bazett’s formula was smaller than
that between those and Fridericia’s formula. We also
wanted to compare the cutoff value of the present study
with that of Stramba-Badiale et al. who used Bazett's for-
mula.!s In the follow-up ECGs of infants at school age, the
QTec by Fridericia’s formula [QTc(F)] was also used.'®

Screening and Follow-up Strategies

The algorithm for screening and follow-up strategies is
shown in Supplementary Figure 1. Infants who showed a
QTc(B) >0.45 were reexamined. Infants who showed a
QTc 20.45 and <0.46 were reexamined 2-3 weeks later,
and those who showed a QTc >0.46 were reexamined
within 2 or 3 weeks. After that, they were reexamined
based on the judgement of the doctors. Infants were diag-
nosed as having a pQTc when they showed a QTc¢(B) value
>460ms on 2 different standard 12-lcad ECGs® during the
follow-up, because the QT interval lengthens physiologi-
cally and temporarily during early infancy, particularly
within few weeks after birth.%!3 Infants who were diag-
nosed as pQTc were followed for at least 1 year after birth,
and subsequently followed based on the judgement of the
doctors. Infants who fulfilled 1 of the following 3 criteria
were diagnosed as at high risk and medication was initi-
ated: (1) presence of symptoms; (2) presence of QT prolon-
gation, with a QTc(B) 20.50" or a progressive prolongation
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2nd Study

Lst Study
n=4319
Exclusion of 7 children
No digitized data were kept. _ _i_
B n=4312
Exctusion of 19 children
Instability of isoelectric line i
: n=4293
Exclusion of 8 children
5 with CRBBB, 3 with WPW i
- n=4285

T

n=6006
Exclusion of 1 child
_.& ECG could not be recorded.
n=6005 .
| Exc!gsion 9f4 childferT
v | Instability of isoelectric linc
I S — ]
n=6001
l _" ' Exclusion of 4 children
| 2 with CRBBB, 2 with WPW
n=5997

!

Final subjects; 10,282

Figure 1. Flow chart of the participants and final subjects in the present study

Table 1. Characteristics of the Infant Subjects

1st study
No of participants 4,285
Male/female” 2,150/2,041

Gestational age {weeks)!
Birth weight (g)t

(1.547) 39.2+1.3
(1,549) 3,008+381

QT interval (ms) 254+17
RR interval (ms) 381+39
Heart rate {bpm) 159+16
QTc(B) values (ms) 412+19

2nd study P value Total
5997 10,282
3,017/2,978 0.33 5,167/5,019
(5.980) 39.3+1.3 0.1 (7.527) 39,2+1.3
(5,982) 3,026+382 0.21 (7.531) 3,022+382
253+17 0.26 25417
379+40 0.002 380+40
160x17 <0.001 160+16
413x19 0.02 412+19

*Sex was not described in 96 infants (94 and 2 infants in the 1st and 2nd studies, respectively). tData of gestational
age and birth weight were not mandatory in the first study, QTc(B), QT interval corrected by Bazett's formula.

of QT¢(B) to 0.50 including a QTc(B) on Holter record-
ings'”2 during sleeping; and (3) presence of both QT pro-
longation and a family history of LQTS with symptoms.
No infants fulfilled the criterion of (1) or (3). Therefore, we
used the second criterion for at high risk in the present
study.

In this study, a B-blocker alone or the co-administration
of a B-blocker and mexiletine was used for treatment. The
reason for this administration is that, in a nation-wide
study in Japan, patients with LQTS who showed life-
threatening arrhythmia in the perinatal period and whose
mutations were determined were mostly those with LQTS
type 2 (LQT2) or LQTS type 3 (LQT3).2! In this Japanese
series, a $-blocker and mexiletine were co-administered to
7 of 11 infants with LQT?2 and to all 7 infants with LQT3.2!
The clinical course of these patients was favorable.

Familial Study and Genetic Testing
In the first and second studies, thorough familial ECG record-
ing and/or genetic testing was not mandatory. Therefore,
the conducting of familial ECG screening and/or genetic
testing was based on the judgment of the doctors.
Genetic testing was performed after obtaining written
informed consenl. In the first study, screening ol causative
genes for LQTS type 1 (LQT1) to LQT3 and types 5-7

(KCNQI, KCNH2,SCN3A, KCNEI, KCNE2, and KCNJ2)
was performed by polymerase chain reaction and direct
DNA sequencing.' Genes that were related to inherited
arrhythmia syndrome, including LQTS, catecholaminergic
polymorphic ventricular tachycardia, and Brugada syn-
drome, were retrospectively screened for in infants at high
risk or those whose parents asked for it. The test was per-
formed by a targeted gene sequencing method using the
HaloPlex Target Enrichment System (Agilent Technology,
Santa Clara, CA, USA) and the MiSeq system (lllumina,
San Diego, CA, USA). Detected variants were confirmed
using Sanger’s method.?

Presence or Absence of Symptoms (e.g., Cardiac Arrest
and Sudden Death) During Infancy

The maternity institutes that collaborated with the present
study were asked to provide any information on the health
condition of infants who participated in the study. Addi-
tionally, 1 year after screening, questionnaires were sent to
parents to ask the following: infant’s present health condi-
tion, and the presence or absence of syncope, convulsion,
discases, aborted cardiac arrest. or death.??

Statistical Analysis
Differences in mean values were examined using Student’s

Circulation Journal Vol.89, June 2025
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Figure 2. Distribution of QT¢(B) of infants
at their 1-month medical check. QTc(B).
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Table 2. Characteristics of High-Risk Infants With Prolonged QT Interval
Case Age at QTc(B)at Age at Start of Pharmacotherapy Cessation L?seta‘:lss)'t G:?::lt;::(sjtlneg‘sy
sequencing screening 1stvisit medication Ppropranolol - of therapy H 9 g
no. (days) (ms) (days) (days) Tka/d Mexiletine (mg/kg/day) (days or  method (refer to
(mg/kg/day) months) the text)
1 34 474 46 52 0.71 3.6 92 days 11 Performed but not
determined
2 31 492 37 65 0.94 31 14 months 13.2 KCNH2-
L1022PfsTer35
3 29 469 51 53 1.90 4.5 16 months 88 Performed bul not
determined
4 32 450 57 98 1.59 (=) 21 months 2.0 Performed but not
determined
) 32 456 62 175 1.86 (=) 18 months 8.3 Performed but not
determined

aln case 1, mild liver dysfunction (AST/ALT=67/50) appeared after starting medication (before medication, AST/ALT=36/18). The infant was
followed without medication at 1-month intervals till 6 months old and at a 3- or 4-month intervals till 1 year old. QTc(B), QT interval corrected

by Bazett's formula.

t-test. To determine the optimal cutoff QTc(B) value.
Youden’s index and the distance between the point (0,1)
and the receiver-operating characteristic curve plots were
used.? For the analysis, QTc(B) values at 1-month medical
check were used. Statistical analysis was performed using
IBM* SPSS* Statistics Version 23.0 (IBM Japan, Ltd.,
Tokyo, Japan). A two-tailed probability value <0.05 was
considered statistically significant.

Results

Participants

Of 10,325 participants, 34 and 9 infants’ ECGs in the first
and second studies, respectively, were excluded (Figure 1).
Finally, ECGs from 10,282 infants were analyzed. ECGs
of 12 infants with few ventricular premature contractions,
16 with few supraventricular premature contractions, and
2 with a small ventricular septal defect were included.
Among 5 infants with Wolf-Parkinson-White syndrome
who were excluded from the analysis. 1 had left ventricular
non-compaction and experienced supraventricular tachy-
cardia.!?

Circulation Journal

There were significant differences in the QT interval, RR
interval, heart rate, and QTc(B) values between the first
and second studies (all P<0.05, Table 1). However, the dif-
ferences were small, and may have been due to the large
number of participants.

The frequency distribution of the QTc(B) values of
infants at a l-month medical check is summarized in
Supplementary Table 1 and Figure 2.

Infants With QT Prolongation and Their ECG Findings

A total ol 11 infants showed a QTc(B) value 2460 ms on 2
different ECGs during early follow-up. The prevalence of
a pQTc was 4/4,285 (1:1,080) and 7/5,997 (1:857) infants
in the first and second studies, respectively. The total prev-
alence ofa pQTc was 11/10,282 infants (1:935; 95% confi-
dence interval, 1:588 to 1:2,283). The distribution of the
QTc(B) intervals of the infants is shown in Supplementary
Table 1. Of these infants, 5 were diagnosed as being at high
risk and medication was started (Table 2). The prevalence
of infants at high risk was 2/4,285 (1:2,143) and 3/5,997
(1:1,999) infants in the first and the second studies, respec-
tively. The total prevalence of infants at high risk was

Vol.89, June 2025
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Figure 3. ECGs at 1 month of age (A) and Holter ECGs during follow-up (B) of 5 infants who were at high risk and who all showed
prolonged QTc¢(B) values >500ms’ 4 also showed notched T waves (arrows) (B). QT intervals of 3 consecutive beats (white circles)
were measured. Timing of the ECG recorded is shown in the left upper corner of each Holter ECG. QTc¢(B), QT interval corrected
by Bazett's formula

5/10,282 infants (1:2,056; 95% confidence interval, 1:1,095 in these 5 high-risk infants.

to 1:16,666). No infants with a pQTc, including those at The resting ECGs of the 5 infants at high risk showed
high risk, experienced LQTS-related symptoms. Genetic that the peak of the T waves was present in the latter half
testing was performed for all 5 infants at high risk, and of the T wave (Figure 3A). Additionally, all 5 infants showed

showed 1 KCNH2 mutation (c.3065 delT, p.L1022PfsTer35) prolonged QTc(B) values that exceeded 500ms, and 4 of
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them also showed notched T waves on their Holter ECGs
(Figure 3B). The infants at high risk showed an abrupt
increase in their QTc(B) between 6 and 11 weeks after
birth, except for 1 who showed an abrupt increase at 5
months (Figure 4A). Case 5 was followed up repeatedly,
although he sometimes showed normal QTc(B) values
(<0.45) because he showed prominent notched T waves
during the follow-up. Infants who were not at high risk
showed a plateau or a decrease during infancy (Figure 4B).

Follow-up of 5 Infants at High Risk

All S infants at high risk showed a decrease in their QTc(B)
values to <0.45 by 1-1.5 years of life (Figure 5) and medi-
cations were stopped (Table 2). Cases | and 2 dropped out
of the study after stopping medication. Case 2 was screened
again through a school-based screening program at 12 years

of age owing to the presence of notched T waves from
leads V2 through V6 and a QTc(B) of 0.465 (Supplementary
Figure 2A). His Holter ECG on the day of the hospital visit
showed extremely prolonged QTc(B) values and medica-
tion was restarted (Supplementary Figure 2B,C). He was
not screened through the screening program at 6 years of
age. Unfortunately, his ECG at this age was missing. Cases
3 and 5 were followed from 1 year through 8 years of age;
their QT¢(B) values did not increase on resting 12-lead
ECGs (0.416 and 0.356, respectively, at 8 years of age).
Case 4’s medication was stopped at 21 months old. Her
family moved out of the study area when she was 24
months old and her present QTc(B) value is unclear.

Out-of-Hospital Cardiac Arrest (OHCA) at <1 Year
Among all participants, 5 infants experienced OHCA. The
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Table 3. Sensitivity, Specificity, Predictive Values, and Calculation for the Optimal Cutoff Point of QTc(B)
Using Youden’s Index and the ROC Curve
QTc(B) Sensitivity Specificity PPV NPV Youden's index Distance?
0.45 1.0000 0.9915 0.1122 1.0000 0.9915 0.0001
0.46 0.7273 0.9991 0.4706 0.9997 0.7264 0.2727
0.47 0.2727 0.9999 1.0000 0,9992 0.2726 07273
0.48 0.0909 1.0000 1.0000 0.9990 0.0909 0.9091

Youden's index denotes (sensitivity + specificity—1). The largest is the best value. 2Distance denotes the shortest
distance between the point (0,1) and ROC plot, caiculated as {(1-sensitivity)2+ (1 -specificity)?}°5. The smallest is
the best value. NPV, negative predictive value; PPV, positive predictive value; QTc(B), QT interval corrected by
Bazett's formula; ROC, receiver-operating characteristic.

participating researchers in the present study obtained
information about these OHCAs from the collaborating
maternity institutes. Of them, 4 infants died, 3 of unknown
ctiology, and 1 of suffocation (Supplementary Table 2). All
5 infants showed a QTc(B) value <0.43 at a 1-month med-
ical check, suggesting that the cause of their OHCA was
probably not due to prolonged QT intervals.

Cutoff QTc(B) Values for ECG Screening at 1 Month of Life
To assess the diagnostic performance of each QTc¢(B) value
in identifying the 11 infants with a pQTc, sensitivity, spec-
ificity, predictive values, Youden'’s index, and the distance
between the point (0,1) and receiver-operating characteristic
curve plot were determined (Table 3, Supplementary Figure 3).
Youden’s index and the distance showed that a cutoff
QTc(B) value >0.45 was appropriate for screening infants
with a pQTec for this population.

Discussion

The present study showed that the prevalence of infants
with a pQTc and that of infants at high risk were approxi-
mately 1:1,000 and 1:2,000, respectively. Importantly, all
5 infants at high risk in the present study showed an abrupt
increase in QTc(B) during early infancy, mostly between 6
and 11 weeks after birth. This time corresponds to the
period of the highest values of QTc in the healthy general
population and to the highest peak of sudden unexpected
infant death. The cutofl QTe¢(B) valuc for screening infants
with a pQTc was 0.45.

The prevalence of congenital LQTS was 1:2,000 in a
previous cohort study with a large number of infants, and
the data were mainly based on genetic testing in addition
to ECG findings."" The present study showed that the
prevalence of a pQTc was 1:935 when infants with a pQTc
were defined as those whose QTc(B) was 20.46 on 2 differ-
ent ECGs in early infancy. This prevalence is not high. A
previous study in Italy showed that the prevalence of a
QTc(B) 20.46 at least once between 15 and 25 days of life
was 1:730 (59/43,080).1' Another study showed that the
probability of diagnosing LQTS was 1:988 in subjects aged
12 years according to the criteria of the Expert Consensus
Statement of the Heart Rhythm Society, the European
Heart Rhythm Association, and the Asia Pacific Heart
Rhythm Society.? These data indicate that the prevalence
of a QTc¢(B) 20.46 at multiple times during early infancy
may be approximately 1:1,000.

Well-known diagnostic criteria for LQTS were published
in 1993.26 Thereafter, a QTc¢(B) criterion 2450 ms has been
used in the clinical setting for many years with a minor

change (a QTc(B) at 4min of recovery from an exercise
stress test) in 2013.1 In 2018, Stramba-Badiale et al. reported
that a cut-oll QT¢(B) value of 460 ms was best for neonatal
screening!® using 5,000 ECGs from a cohort of 44,596
healthy neonates.!! There were no neonates with congeni-
tal LQTS whose QTc¢(B) values were <460ms in their
cohort, and thus this culofl point was suitable for their
population. In the present study, 2 infants showed a
QTc(B) between 450 and 460 at a 1-month medical check-
up (Table 2), and they showed a QTc(B) 20.46 on 2 differ-
cnl ECGs during (ollow-up. We belicve thal the cutoll
value of 450 ms should also be used for neonatal screening,
at least in Japan, as a well-known diagnostic criterion for
LQTS. Researchers who want to perform neonatal screen-
ing are unlikely to choose the criterion of a QTc(B) 2440 ms
because the criterion of a QTc(B) 2450 ms has been used to
diagnose LQTS for many years, and the criterion of a
QTc(B) 2440 ms would screen many infants (598/10,282,
5.82% in the present study). Therefore, the criterion of a
QTc(B)>450 appears to be best for neonatal screening. All
4 studies that performed neonatal screenings used the
screening criterion of a QTc¢(B) >450ms or >450ms. -1
Finally, it should be stated that the premise of the defini-
tion of pQTc was that a QTc(B) value should be 2450 ms
on initial screening, and that this was not a study that
examined the validity of values <450 ms, but was a com-
parison with 2460 ms.

A definition for infants at a high risk of aborted cardiac
arrest or sudden death has not been established. Therefore,
concluding that infant ECG screening contributes to the
cventual prevention of sudden death is difficult. Regarding
risk stratification of patients with LQTS, Priori et al. clas-
sified patients with LQTS on the basis of the probability of
a first cardiac event (syncope, aborted cardiac arrest, or
sudden cardiac death) before 40 years of age and before
therapy, and defined a probability >50% as “the high risk
group”.17 One of their criteria of “the high nisk group™ was
a QTc(B) of 2500 ms.'7 Hobbs et al. determined risk factors
for aborted cardiac arrest or sudden cardiac death during
adolescence, and found that a QTc(B) =530 ms was associ-
ated with a higher risk (adjusted hazard ratio, 2.3; 95%
confidence interval, 1.6-3.3; P<0.001) than those who had
a shorter QTc(B).2” We also used a QTc¢(B) 2500ms to
represent a high risk. Of the 5 infants at high risk, in case
2 there was a QT¢(B) 2530ms including on Holter ECG
(Figure 3B). He was rescreened thorough a school-based
screening program at 12 years ol age. His Holter ECG on
the day of revisiting hospital showed a QTc of 567ms by
both Bazett’s and Fridericia’s formulac (Supplementary
Figure 2B). This infant might have had strong potential for
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aborted cardiac arrest or sudden death, and he might have
had a lower risk of life-threatening events with medication.
The number of infants in the present study was 10,282.
Therefore, this study suggests that life-threatening events
could be prevented in 1 of 10,000 infants.

All 5 infants at high risk in the present study showed an
abrupt increase in QTc(B) during early infancy. Of them,
4 showed an increase in QTc(B) between 6 and 11 weeks of
life, which corresponds to the period of the highest QTc
values (6-11 weeks after birth) during infancy in the
healthy general population.® This finding indicates that
infants with a pQTc should be followed carefully during
this time. Another infant showed an abrupt increase in
QTe(B) at 25 weeks (5 months) of age, which suggests that
infants with a pQTc may have an abrupt increase in
QTc(B) values during the early half of infancy.

To implement population-based ECG screening, several
issues need to be solved. (1) The number of cardiologists
who are familiar with infant ECGs. Accurate measurement
of the QT interval, even by cardiologists, may be difficult.!
Consequently, the distribution of QT intervals from different
groups of clinicians is dissimilar.!® (2) Another concern is
insufficient time to perform any sort of intervention from
the time of ECG screening to the peak of unexpected sud-
den infant death at 1 or 3 months.5 A system with artificial
intelligence-assisted ECG analysis might improve accurate
measurement of the QT interval,® and such as system
might also help screen abnormal T wave morphologies,
which are characteristic of LQTS, and were also shown in
the present study. (3) Creation of follow-up systems,
including authorized cardiovascular institutions and psy-
chosocial assistance to follow-up, are also required.

Study Limitations

Genetic testing was not mandatory. We aimed to screen
infants with a pQTc to prevent them from experiencing
LQTS-related symptoms and identify the prevalence of an
ECG-determined pQTc. However, currently, genetic testing
using next-generation sequencing is becoming increasingly
available. Thorough genetic testing for infants with a pQTc
will help determine their precise background, although
genetic variants determined by next-generation sequencing
technologies should be carefully interpreted .23

Conclusions

There should be awareness of the genetically determined
prevalence of LQTS (1:2,000) and ECG-determined prev-
alence of a pQTc in infants (=1:1,000). In this study, all §
infants at high risk showed an abrupt increase in QTc(B)
during early infancy, mostly between 6 and 11 weeks after
birth, which corresponds to the period of the highest values
of corrected QT interval in the healthy general population
and to the highest peak of sudden unexpected infant death.
The QTe¢(B) cutoff value for screening infants with a pQTc
might be 0.45 in this population, and the 0.45 value in this
study is for screening for the present definition of pQTc,
but not for screening of high-risk infants.
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Abstract

This report describes the case of a 21-year-old man with ketosis-prone type 2 diabetes (KPD), highlighting
the genetic and metabolic factors influencing disease progression. The patient presented with diabetic
ketoacidosis and demonstrated rapid insulin secretory recovery, allowing early discontinuation of insulin.
Genetic analysis revealed human leukocyte antigen (HLA)-DRB1*15:01 and DRB1*09:01 haplotypes,
suggesting a role of immune factors typically associated with type 1 diabetes in the pathogenesis of KPD.
Metabolic factors, evidenced by prolonged ketone clearance, further underscore the complexity of KPD.
These findings contribute to a growing understanding of KPD as a unique subtype of diabetes, reinforcing
the importance of personalized, genetically informed management approaches for optimal care.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine
Keywords: diabetic ketoacidosis, hla gene haplotype, ketosis-prone diabetes, type 1 diabetes, type 2 diabetes

Introduction

In 1987, Winter et al. offered the first description of young, obese individuals with type 2 diabetes (T2D) who
developed diabetic ketoacidosis (DKA) without apparent triggers [1]. These individuals experienced
recurrent episodes of DKA or ketosis but showed marked recovery of insulin secretion within a few months,
allowing insulin withdrawal. This atypical form of T2D, termed ketosis-prone T2D (KPD), was initially
thought to be prevalent mainly among African-American populations [2], but recent studies have
increasingly reported cases in Asian populations [3]. KPD is predominantly observed in young, obese men
with a family history of diabetes [4]. The pathology is often triggered by stress [5] or weight gain [6] and
develops suddenly with ketosis or ketoacidosis [6]. It is inferred that understanding and responding to the
characteristics of KPD is crucial for improving long-term glycemic control status and managing the risk of
complications, while education based on these characteristics will also contribute to improving patient self-
management skills. Genetic studies have shown a distinct human leukocyte antigen (HLA) profile for KPD,
with a significantly lower prevalence of the type 1 diabetes (T1D)-susceptible haplotype HLA-DRB1*09:01
and a higher prevalence of the protective haplotypes HLA-DRB1*15:01 and/or HLA-DRB1*15:02 [7]. Here,
we present a rare case of KPD with both HLA-DRB1*09:01 and HLA-DRB1*15:01.

Case Presentation

A 21-year-old man presented to a family doctor with a two-week history of thirst, polydipsia, polyuria, and
significant weight loss (9 kg). He had a history of ureteral stones and a family history of T2D; his father, who
had T2D, had died of myocardial infarction. The patient presented with a blood glucose level of 460 mg/dL
and ketonuria (4+), prompting referral to our department. On admission, DKA was confirmed based on a
glycohemoglobin Alc (HbAlc) level of 14.0% and a serum total ketone level of 10,101 umol/L. Arterial blood
gas analysis showed a pH of 7.296, arterial partial pressure of carbon dioxide at 28 mmHg, arterial partial
pressure of oxygen at 104.8 mmHg, bicarbonate ions (HCO3-) at 13.4 mmol/L, base excess of -11.1 mmol/L,
and anion gap of 24.90 mmol/L, indicating metabolic acidosis with a high anion gap and respiratory
compensation (Table 7).

Laboratory test Value Reference range
Urinalysis Protein (+) - -

Glucose (4+) - -

Ketone bodies (4+) - -
Peripheral blood WBC 8240 /uL 3300-8600

RBC 595 x104/p|_ 435-555
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Hb 17.5 g/dL 13.7-16.8
PLT 333 x104/pL 158-348
Biochemistry AST 32 u/L 13-30
ALT 73 UL 10-42
LDH 173 uiL 124-222
ALP 17 u/iL 38-113
y-GTP 65 uiL 13-64
T. Bl 0.56 mg/dL 0.40-1.50
chE 553 uiL 240-486
AMY 69 mg/dL 44-132
CK 105 uiL 59-248
Alb 5.03 gldL 4.10-5.10
Na 136 mmol/L 138-145
K 4 mmol/L 3.6-4.8
Cl 98 mmol/L 101-108
Ca 9.7 mg/dL 8.8-10.1
IP 2.7 mg/dL 2746
Mg 2.1 mg/dL 1.8-2.3
BUN 10.7 mg/dL 8.0-20.0
Cr 0.7 mg/dL 0.65-1.07
eGFR 113.8 mL/min/1.73 m? >60
UA 8.9 mg/dL 3.7-7.8
CRP 0.18 mg/dL 0.00-0.14
TG 207 mg/dL 0.00-0.14
LDL 218 mg/dL 65-163
HDL 36 mg/dL 38-90
Arterial blood gas pH 7.296 - 7.350-7.450
PaCO; 28.1 mmHg 35.0-45.0
Pa0, 104.8 mmHg 83.0-108.0
HCO3 13.4 mmol/L 22.0-28.0
BE -11.1 mmol/L 2-+42
AG 24.9 mmol/L 10.0-14.0

TABLE 1: Laboratory findings

WBC: white blood cells, RBC: red blood cells, Hb: hemoglobin, PLT: platelets, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH:
lactate dehydrogenase, ALP: alkaline phosphatase, y-GTP: y-glutamyltransferase, T.Bil: total bilirubin, chE: cholinesterase, AMY: amylase, CK: creatine
kinase, Alb: albumin, Na: sodium, K: potassium, Cl: chloride, Ca: calcium, IP: inorganic phosphorus, Mg: magnesium, BUN: blood urea nitrogen, Cr:
creatinine, eGFR: estimated glomerular filtration rate, UA: uric acid, CRP: C-reactive protein, TG: triglycerides, LDL: low-density lipoprotein cholesterol,
HDL: high-density lipoprotein cholesterol, PaCO2: arterial partial pressure of carbon dioxide, PaO2: arterial partial pressure of oxygen, HCO3-:
bicarbonate ion, BE: base excess, AG: anion gap

2025 Mukai et al. Cureus 17(1): €77247. DOI 10.7759/cureus.77247 20f7



Cureus

Part of SPRINGER NATURE

Height was 167.8 cm, weight was 70.6 kg, body mass index (BMI) was 25.1 kg/m?, blood pressure was 148/82
mmHg, and heart rate was 122 beats/min. Body temperature was 37.1°C, respiratory rate was 16
breaths/min, and peripheral oxygen saturation on pulse oximetry was 97.0%. No other physical
abnormalities or complications were identified.

Fasting serum C-peptide immunoreactivity (CPR) (2.19 ng/mL) and a CPR index (CPI: calculated as fasting
serum CPR/fasting plasma glucose x 100) of 0.6 indicated significantly reduced endogenous insulin
secretion. Results for islet autoantibodies were negative (Table 2).

Laboratory test Value Reference range
GADA <5.0 U/mL <5.0

1A-2A <0.6 U/mL <0.6

IAA <0.4 U/mL <0.4

ICA Negative (<1.25) JDF units Negative (<1.25)
ZnT8A <10.0 U/mL <10.0

TgA <10.0 1U/mL <19.0
TPOA 2.5 1U/mL <3.0

FT4 0.98 ng/dL 0.78-1.48
TSH 1.021 pU/mL 0.610-4.230
FPG at onset 357 mg/dL 73-109
HbA1c at onset 14.3 % 4.9-6.0

IRI at onset 6.3 puU/mL 5.0-10.0
Fasting CPR at onset 219 ng/mL 0.61-2.09
Fasting CPI at onset 0.6 - 1.03-2.17
24-h UCPR at onset 18.7 ug/day 29.2-167.0
TK at onset 10101 umol/L <130

3HBA at onset 7602 pmol/L <85

AA at onset 2499 pmol/L <55

Fasting CPR on day 8 2 ng/mL 0.61-2.09
Fasting CPI on day 8 1.6 - 1.03-2.17
24-h UCPR on day 12 70.2 ug/day 29.2-167.0
ACPR in glucagon tolerance test on day 15 1.82 ng/mL >1.0

TABLE 2: Endocrinological laboratory findings

GADA: anti-glutamic acid decarboxylase antibody, IA-2A: anti-insulinoma-associated protein-2 antibody, IAA: anti-insulin autoantibody, ICA: islet cell
antibody, ZnT8A: zinc transporter 8 antibody, TgA: anti-thyroglobulin antibody, TPOA: anti-thyroperoxidase antibody, FT4: free thyroxine, TSH: thyroid-
stimulating hormone, FPG: fasting plasma glucose, HbA1c: glycohemoglobin A1c, IRI: immunoreactive insulin, CPR: C-peptide immunoreactivity, CPI:
CPR index, 24-h UCPR: 24-h urinary CPR, TK: total ketone bodies, 3HBA: 3-hydroxybutyric acid, AA: acetoacetic acid

ACPR: calculated by subtracting pre-load CPR from post-load CPR; GADA, IA2A, and ZnT8: measured by enzyme-linked immunosorbent assay; ICA:
measured by an indirect method with immunofluorescent antibody; TgA and TPOA: measured by electrochemiluminescent immunoassay

The HLA haplotypes were A*02:01, DRB1#*09:01-DQB1*03:03, and DRB1*15:01-DQB1*06:02. A*02:0 has
been reported to be involved in pancreatic B-cell dysfunction7. DRB1*09:01-DQB1*03:03 is reportedly
associated with T1D susceptibility, whereas DRB1*15:01-DQB1*06:02 is reportedly associated with T1D
resistance. These findings suggested the presence of a unique KPD profile-related immune gene (Table 3).
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Allele Allele
A 02:01:01 26:03:01
B 15:01:01 39:01
Cc 03:03:01 07:02:01
DRB1 09:01:02 15:01

DR9 DR15
DPB1 02:01:02 -

or

02:01:02 141:01

or

141:01 -
DQB1 03:03:02 06:02:01

TABLE 3: HLA genotyping

HLA: human leukocyte antigen

The patient was treated with insulin lispro and degludec, along with saline infusion, transitioning to
dextrose by day 2. Insulin requirements peaked on days 8 and 9 and were tapered as metformin was
introduced on day 11. During this period, blood glucose levels remained within 140-270 mg/dL (Figure 1),
and urinary ketones became negative on day 10. On day 16, insulin was discontinued, and the patient was
discharged. Four weeks later, HbA1c had improved to 8.0% with a lower metformin dose, stabilizing at 5% by
week 8 (Figure 7). CPI on day 8 was 1.6, urinary CPR on day 12 had significantly recovered from 18.7 to 70.2
ug/day, and ACPR in the glucagon tolerance test performed on day 15 was 1.82 ng/mL (Table 2).
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FIGURE 1: Clinical course of the patient

The bar graph at the bottom depicts the total daily insulin requirement. The dashed line with closed triangles
indicates fasting blood glucose levels, while the thick solid line with closed circles shows body weight. The thin
solid line with open squares denotes HbA1c levels. Values within parentheses with "+" or "-" signs indicate
changes in urinary ketone levels over time. Gray-shaded bars at the top represent the dosage of metformin
administered during the observation period.

HbA1c: glycohemoglobin A1c
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Discussion

The patient was a young, obese male with a family history of T2D on the paternal side, and hyperglycemia
was initially noted at the onset of DKA. Insulin secretory capacity recovered quickly after initiating
treatment, allowing early discontinuation of insulin therapy. Given these characteristics, KPD was
diagnosed. In cases initially resembling T1D, endogenous insulin secretion can sometimes improve, so
considering the possibility of KPD is important in such presentations. According to some reports, KPD often
recurs within two years after remission, with biguanides being effective in extending the remission period
[4]. Consequently, metformin therapy was initiated for this patient, who achieved good glycemic control
with an HbAlc of 5.3% at 12 weeks (Figure ). However, repeated episodes of DKA may lower the body
weight threshold for onset and progressively impair insulin secretion. Therefore, weight gain trends in this
patient will need to be monitored closely (Figure I).

KPD can be classified into four categories based on different diagnostic criteria: the American Diabetes
Association (ADA) classification, the modified ADA classification, the BMI classification, and the A
classification [8]. The AR classification system divides patients into four subgroups according to the presence
or absence of islet autoantibodies and B-cell function: antibody present with function absent (A+3-),
antibody present with function present (A+f+), antibody absent with function absent (A-B-), and antibody
absent with function present (A-B+) [8]. This classification system has clinical relevance, providing insights
into glycemic control and insulin dependency status, thus serving as a valuable tool in both clinical and
research settings. The AR classification of this case was A-f+.

Interestingly, Satomura et al. reported that approximately 36.4% of A-B+ KPD cases exhibit specific
immunoreactivity to the insulin B chain amino acids 9-23-related peptide (B:9-23rPep), which is associated
with interferon y and reflects disease activity in T1D [7]. Detection rates of this immunoreactivity have been
reported as 38.1% in acute-onset T1D and 8% in T2D, suggesting a potential role in the pathogenesis of T1D
[7]. These findings and reports indicating reduced insulin secretion over time in KPD (A-B+) [6] support the
hypothesis that KPD may represent a subtype of T1D with overlapping features.

In Japanese populations, the typical T1D susceptibility haplotypes are DRB1*0405-DQB1*0401, DRB1*0901-
DQB1*0303, and DRB1*0802-DQB1*0302, while the typical resistance haplotypes are DRB1*1501-
DQOB1*0602 and DRB1*1502-DQB1*0601 [9]. Resistant alleles are known to be dominant over susceptibility
alleles with respect to the development of T1D [10]. Genetically, about 60% of KPD patients possess HLA-
DR3 or HLA-DR4 haplotypes associated with T1D susceptibility [11]. Approximately 30% show DRB1*15:01
or DRB1*15:02, representing HLA haplotypes associated with T1D resistance, and 50% carry A*02:01 or
A24:02, which are linked to pancreatic B-cell dysfunction. The genotypes in this patient included HLA-
DRB1*15:01 and DRB1*09:01, a T1D susceptibility haplotype, and A*02:01 (Table 2). Although the
pathogenesis of KPD remains unclear, this genetic information suggests that both the genetic background
and immune response mechanisms seen in T1D could also be involved in KPD onset and activity. Major
histocompatibility complex II of the T1D resistance haplotype reportedly presents islet antigens
(suppressive antigens) to regulatory T cells (Tregs), thereby promoting the production of anti-inflammatory
cytokines such as interleukin 10 and suppressing the activity of autoreactive islet-responsive T cells [12].
The T1D resistance haplotype is speculated to contribute to pancreatic -cell protection in KPD by
promoting specific Treg activation and suppressing autoreactive T cells. Further research would be extremely
beneficial in elucidating the cellular pathways that promote the onset and progression of organ-specific
autoimmune diseases such as T1D or clarifying how to induce tolerance.

In KPD, (1) leucine catabolism is enhanced; (2) a-glutamate accumulates due to a kinetic defect in
ketoglutarate dehydrogenase; (3) anaplerosis of glucose carbon for the tricarboxylic acid (TCA) cycle is
blunted; and (4) impaired peripheral oxidation of ketone bodies, which depends on the TCA cycle, has been
reported [13]. In this case, the relatively prolonged duration of 10 days required for ketone clearance
suggests a role of metabolic factors in the pathophysiology of KPD (Figure I). Other reports have linked KPD
to glucose toxicity [14], reduced glucose-6-phosphate dehydrogenase activity[15], and inadequate glucagon
inhibition following glucose loading [16]. These observations suggest a complex metabolic profile for KPD,
likely involving genetic abnormalities in metabolism-related enzymes. Further research is needed to clarify
these pathways' roles and identify potential therapeutic targets.

Conclusions

This case highlights the unique genetic and metabolic characteristics of KPD, contributing to our
understanding of its pathogenesis and clinical management. The rapid recovery of insulin secretion and
subsequent discontinuation of insulin in this patient, alongside his specific HLA haplotypes (HLA-
DRB1*15:01 and DRB1*09:01), underscore the potential influence of genetic background and immune
response on KPD. In addition, the extended duration required for ketone clearance suggests an underlying
metabolic complexity, possibly related to abnormalities in ketone metabolism and amino acid pathways.
These findings reinforce the notion that KPD may represent a distinct subtype of diabetes, potentially
overlapping with T1D in terms of genetic and immunological profiles. Ongoing genetic and immunological
studies are essential to fully elucidate the mechanisms underlying KPD and to inform targeted therapeutic
strategies. Further, longitudinal monitoring of glycemic control and weight gain is crucial, as recurrence is
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common, and weight fluctuations may affect insulin secretion capacity over time. This case adds valuable
insights into the nuanced management of KPD, emphasizing a need for tailored therapeutic approaches in
light of complex interplays between genetic, immunologic, and metabolic factors.
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ARTICLE INFO ABSTRACT

Keywords: Warthin tumor (WT) is the second most common benign parotid gland tumor after pleomorphic adenoma. WT is
Warthin tumor characterized by cystic and papillary proliferation of a two-layered oncocytic epithelium supported by lymphoid
Pathogenesis

tissue. Heterotopic salivary duct inclusions (SDIs) are frequently observed in lymph nodes (LNs) of WT (SDI/
LNs), and are thought to be the origin of WT. If this is true, SDIs should also persist in the lymphoid tissue of WT
itself (SDI/WT), as a missing link between SDls and WTs, but studies of this issue are limited. From 2008-2023,
138 WT cases were surgically excised at our hospital. SDI/LNs and SDI/WTs were histologically examined. Of
100 WT cases with LNs, SDI/LNs were observed in 67 cases (67 %). SDI/WTs were detected in 114 of 138 cases
(82.6 %), including 107 of 127 smokers (84.3 %) and 7 of 11 never-smokers (63.6 %). SDI/WTs were located
mainly in the subcapsular lymphoid tissue and often surrounded by a fibrous coat resembling salivary excretory
ducts. This study revealed a high incidence of SDIs in WT itself, strongly supporting the theory that WT develops
from heterotopic salivary ducts.

Lymph node
Ectopic salivary duct
Smoking

1. Introduction

Warthin tumor (WT) is a benign neoplasm of the parotid gland
characterized by cystic and papillary proliferation of a two-layered
oncocytic epithelium supported by lymphoid tissue [1]. WT was re-
ported by Albrecht and Arzt as "Papillare Cystadenome in Lymphdriisen”
in 1910 [2]. In 1929, Warthin described two parotid tumors named
"papillary cystadenoma lymphomatosum" that had a ciliated respiratory
epithelium with lymphoid stroma [3]. Given the current understanding
of the tumor, this description does not exactly match WT, but this tumor
is still referred to as Warthin tumor.

There are two major hypotheses for the pathogenesis of WT. Since
heterotopic salivary duct inclusions (SDIs) are frequently observed in
lymph nodes (LNs) of the parotid region [4], WT may arise from the
oncocytic component of this ectopic tissue (SDI/LNs). This theory is
widely accepted, but it has also been suggested that tumors can induce
tumor-associated lymphoid proliferation [5]. If the first theory is true,

persistent heterotopic salivary ducts (SDIs) should also be observed in
lymphoid tissue of WT itself, at least in some lesions, but few studies of
this issue have been performed. In Albrecht and Arzt's historical paper,
Fig. 1 clearly illustrates such a structure [2]. Recently, Sakamoto et al.
showed that non-oncocytic excretory duct-type salivary inclusions
transform into oncocytic epithelial components of WT [6].

With this background, we sought to identify SDIs in WT in this study.
Since smoking is a known risk factor for WT, we also examined the in-
fluence of smoking on SDIs.

2. Materials and methods

All cases of WT with a surgically excised parotid gland were retrieved
from the database of the Department of Otorhinolaryngology, National
Hospital Organization (NHO) Kagoshima Medical Center, Kagoshima
from April 2008 to June 2023. Among these cases, those with a recorded
smoking status were reviewed pathologically.
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WT was diagnosed using the criteria of the World Health Organiza-
tion [1]. WT was diagnosed regardless of the lesion size. SDI/LNs were
defined as ectopic salivary ducts in the LN parenchyma [4]. Ducts
admixed with adipose tissue at the hilum of the LN were excluded.
Eosinophilic (oncocytic) change was recorded if present. SDI/WTs were
defined as non-oncocytic ectopic salivary ducts within lymphoid tissue
of WT. Ducts within the fibrous capsule were excluded. Some LNs
showed proliferation of oncocytic epithelium resembling WT. These
cases were defined as WT if the area of oncocytic epithelium was >50 %
of the lesion.

Age, gender, left or right side, number of lesions, and smoking status
were obtained from clinical records. Cases with LNs, cases with SDI/LNs,
cases with oncocytic SDI/LNs, number of LNs, number of LNs with SDIs,
cases with SDI/WTs, number of lesions with SDI/WTs, and cases with
squamous metaplasia in WT were histologically evaluated by hema-
toxylin and eosin staining.

2.1. Statistics

Data were analyzed using the R computing environment (EZR) [7].
Nornparametric tests of group differences were performed by Fisher
exact test (two-tailed) or Mann-Whitney U test (two-tailed). A p-value <
0.05 was considered to be statistically significant.

2.2. Ethical considerations

This study was approved by the Ethical Committee of NHO
Kagoshima Medical Center (accession number 2023-10).

3. Results

From April 2008 to June 2023, 182 WT cases were treated by sur-
gical excision from the parotid gland. Smoking status was recorded in
138 of these cases. Current smokers (n=104) and ex-smokers (n=23)
were collectively classified as smokers (n=127), and persons with no
smoking history as never-smokers (n=11). The main results of the study
are summarized in Table 1. In the present study, 138 cases with known
smoking status were analyzed. The mean age of WT cases (n=138) was
64.4 years + 7.7 (median 65, range 41-81) and the male-to-female ratio
was 7.1/1. Ten cases (7.2 %) had bilateral lesions, 38 (27.5 %) had
multiple lesions, and 4 (2.9 %) had recurrence. Of the 38 cases with
multiple lesions, 28 had two lesions and 10 had >3 lesions. The mean
size of WT (n=138) was 34.3 + 14.1 mm (median 33 mm, range
7-80 mm) in largest diameter.

Representative photomicrographs of SDI/LNs are shown in Fig. la-c,
and those of SDI/WTs are shown in Fig. 1d-j. A single LN (Fig. 1a) at
higher magnification (Fig. 1b) showed multiple SDI/LNs (blue arrow-
heads) surrounded by thin fibrous tissue. Oncocytic SDI/LN (pink
arrowhead) and non-oncocytic SDI/LN (blue arrowhead) in another LN
are shown in Fig. 1c. WT with non-oncocytic SDI/WTs in lymphoid
tissue (Fig. 1d) is shown at higher magnification (Fig. 1e) to show the
SDI/WTs (yellow arrowheads). A blood vessel (*) resembling the duct
was also present. A WT with SDI/WTs (Fig. 1f-h) had both non-oncocytic
SDI/WTs (yellow arrowheads) (Fig. 1g, h) and an oncocytic duct (red
arrowhead) (Fig. 1h). The latter was not counted as a SDI/WT. Another
WT with non-oncocytic and oncocytic SDI/WTs is shown in Figs. 1i and
1j. Here, the oncocytic ducts (red arrowheads) were in transition with
the epithelial component of WT (black arrowhead). Most SDI/WTs were
located close to capsules of WT and were often surrounded by a layer of
fibrous tissue (Fig. 1g). These SDI/WTs were easily overlooked at low
magnification.

As shown in Table 1, 100 of 138 WT cases had LNs within or around
the salivary glands. Among them, SDI/LNs were observed in 67 cases
(67.0 %). Oncocytic SDI/LNs were present in 21 of 100 WT cases
(21.0 %), and similar rates were found in smokers (19/93, 20.4 %) and
never-smokers (2/7, 28.5 %). The mean number of LNs per WT case was

L
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Table 1
Heterotopic salivary ducts in lymph nodes and Warthin tumors of the parotid
gland.

[tem Warthin tumor
Total Smoking Smokers Never-
starus smokers
Number of cases 182 138 127 11
Gender
Male 155 121 114 7
Female 27 17 13 4
Male/Female 5.7/1 7.1/1 8.8/1 1.8/1
Age
Range 41-81 41-81 41-81 64-74
Mean + Standard 65.1 + 644+ 7.7 63.8 + 7.6 70.3+5.5
deviation 7.8
Median 66 65 65 73
Location
Left only 90 70 64 6
Right only 76 58 53 5
Bilateral 16 10 10 0
Number of lesions
Single lesion 138 100 89 11
Multiple lesions 44 38 38 0
Total number of lesions NE 198 187 11

Recurrence 4 4 4 0
Lymph nodes and SDI/LNs

Cases with lymph nodes NE 100/138 93/127 7/11
(72.5 %) (73.2 %) (63.6 %)

Cases with salivary NE 67/100 61/93 6/7

duct inclusions (SDI/ (67.0 %) (65.6 %) (85.7 %)

LNs)

Cases with oncocytic NE 21/100 19/93 2/7

heterotopic salivary ducts (21.0 %) (20.4 %) (28.5 %)

(SDI/LNs)

Number of lymph nodes/  NE 2.41 2.47 1.73

case

Lymph nodes with NE 100/333 90/314 7/19

salivary duct inclusions (30.0 %) (28.7 %) (36.8 %)

(SDI/LNs)

Warthin tumors and SDI/

WTs

Cases with heterotopic NE 114/138 107/127 7/11

salivary ducts in the (82.6 %) (84.3 %) (63.6 %)

tumor (SDI/WTs)

Number of WT lesions/ NE 1.43 1.47 1.00

case

Lesions with heterotopic NE 152/198 145/187 7/11

salivary ducts in the (76.8 %) (77.5 %) (63.6 %)

tumor (SDI/WTs)

Cases with squamous NE 19/138 15/127 4/11

metaplasia in the tumor (13.8 %) (11.8 %) (36.4 %)

NE, not evaluated
* Smokers include current smokers and ex-smokers.

2.41. Among all LNs examined, SDI/LNs were observed in 100 of 333
LNs (30.0 %). A comparison of the SDI/LNs incidence by age group did
not reveal a consistent trend {3/6 in 40 s, 14/22 in 50 s, 28/40 in 60 s,
13/20in 70 s, and 3/3 in 80 s).

SD1/WTs were found in lymphoid tissue of WT in 114/138 cases
(82.6 %). The rate of SDI/WTs did not differ significantly between
smokers (107/127 (84.3 %)) and never-smokers (7/11 (63.6 %)). A
comparison of the SDI/WTs incidence by tumor size did not reveal a
consistent trend, and SDI was observed in every size of WT (3/4 in
1-10 mm, 14/18 in 11-20 mm, 32/42 in 21-30 mm, 31/35 in
31-40 mm, 20/24 in 41-50 mm, 10/10 in 51-60 mm, 2/2 in
61-70 mm, and 2/3 in 71-80 mm). The mean number of WT lesions per
WT cases was 1.43. Among all WT lesions examined, SDI/WTs were
observed in 152/198 lesions (76.8 %).

The position of SDI/WT in the pathogenesis of WT is shown in Fig. 2.
Ordinary LNs (Fig. 2A), LNs with SDI (Fig. 2B), oncocytic SDIs (Fig. 2C),
and WT (Fig. 2E) have been described previously. The results of this
study allow WT with SDIs (Fig. 2D) to be inserted between Fig. 2B/C and
Fig. 2E.
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Fig. 1. Histopathology of heterotopic salivary duct inclusions in lymph nodes (SDI/LNs) and Warthin tumors (SDI/WTs). (a) Lymph node with SDI/LNs. (b) SDI/LNs
(blue arrowheads) surrounded by thin fibrous tissue. (¢) Oncocytic SDI/LN (pink arrowhead) and SDI/LN (blue arrowhead) in another lymph node. (d) Warthin
tumor with SDI/WTs. {e) Non-oncocytic SDI/WTs (yellow arrowheads). A blood vessel (¥} is also present. (f) Warthin tumor with SDI/WTs. (g) Non-oncocytic SDI/
WTs (yellow arrowheads) surrounded by thin fibrous tissue. (h) A non-oncocytic SDI/WT (yellow arrowhead) and an oncocytic duct (red arrowhead). The latter was
excluded from this study. (i) Warthin tumor with SDI/WTs. (j) A non-oncocytic SDI/WT (yellow arrowhead), oncocytic ducts (red arrowheads) and epithelial
component of WT (black arrowhead). (a-j) Hematoxylin and eosin staining. Magnification (Objective lens) a, d, f, i, 4x; b, c, e, g, h, j, 40x.
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Warthin tumor

Fig. 2. Hypothesis for the pathogenesis of Warthin tumor. (A) Normal lymph node. (B) Lymph node with heterotopic salivary duct inclusions (SDI/LNs). (C)
Oncocytic change of SDI. (D) Warthin tumor with persistent heterotopic salivary ducts (SDI/WTs). (E) Warthin tumor without SDIs. In this study, (D), the missing

link, was common (82.6 %) in Warthin tumor.
4. Discussion

The age and gender distributions of WT in the present study were
similar to those in previous studies [8,9]. In this study, 7.2 % of WT
cases were bilateral, 27.5 % were multiple, and 7.2 % had three or more
lesions. The recurrence rate was 2.9 %. In Maiorano et al. [8], 6.5 % of
WT cases were bilateral and 20.5 % were multifocal, consistent with our
data.

The ducts of the major salivary glands consist of intercalated, stri-
ated, and excretory (interlobular) ducts located from the acini to the oral
cavity [10]. The striated duct has a bright eosinophilic (oncocytic)
columnar epithelium due to rich mitochondria and invagination of the
deep cell membrane. The excretory duct is surrounded by a fibrous coat
of collagen and elastic fibers. As the epithelium of WT is oncocytic, the
striated duct is suspected to be the origin of WT [11]. In the lymphoid
stroma of WT, oncocytic ducts were also frequently observed, but were
sometimes similar or in transition with the epithelial component of WT;
therefore, we did not count oncocytic ducts in WT as SDI/WTs. Instead,
non-oncocytic ducts in WT were often surrounded by fibrous coats,
which resembled excretory ducts, as shown in an immunohistochemical
study [6].

Heterotopic salivary tissue, especially ducts, is often present in pa-
rotid LNs, which are of fetal origin and appear by the 2nd month of
gestation [10]. In the present study, SDI/LNs were observed irrespective
of age, which supports the developmental origin of SDIs. These ducts
have commonly been thought to be the origin of WT [2,12]. We have
shown that SDIs are frequent in LNs in WT cases (67.0 %), supporting
this theory. Cope et al. also found that 71.7 % of WT cases had SDIs [4],
which is consistent with our current results. One difference between the
two studies is the incidence of SDI/LNs based on the number of LNs. In
our study, 107/333 (32.1 %) of WT LNs had SDIs, while Cope et al.
found rates of 85/383 (22 %) [4]. This may mainly be due to the number
of LNs examined per case: 2.41 for WT in this study, and 6.13 for WT in
Cope et al. The difference may also be caused by the different definitions
of WT: "an aggregate of lymphoid tissue >1 cm in greatest dimension
containing proliferating oncocytic epithelium" in Cope et al. [4],
whereas we diagnosed WT irrespective of the lesion size because the
greatest dimension of WT was <10 mm in four cases.

Smoking is an important risk factor for WT. In a case-control study in
the 1980s in Canada, smokers had an eight times higher risk of devel-
oping WT compared to non-smokers [13]. In a nationwide case-control

study in Israel, the risk {(odds ratio) for WT was 15.3 times in ever
cigarette smokers [14]. In the present study, 127/138 (92.0 %) of WT
cases were smokers (including ex-smokers), which also implies that
smoking is a risk factor for WT. Oncocytic change of SDI/LNs was
frequent in WT, suggesting a possible role of smoking in oncocytic
change. Cope et al. have observed that 45.7 % of WT subjects with nodal
tissue had oncocytic inclusions, compared with 5.8 % of pleomorphic
adenoma subjects. They showed oncocytic inclusions were significantly
associated with smoking in a multivariate model [4]. Lewis et al.
demonstrated mitochondrial DNA damage in 2.5 % of WT and 0.1 % of
normal parotid glands by fluorescent in situ hybridization and poly-
merase chain reaction studies [15]. The DNA deletion was significantly
higher in oncocytic tumor cells. However, in the present study oncocytic
SDI/LNs were found in both smokers (20.4 %) and never-smokers
(28.5 %) in WT, which suggests that smoking is not directly associated
with the incidence of SDI/LNs.

In this study, we used the terms SDI not only in LNs (SDI/LNs) but
also in WT itself (SDI/WTs). Oncocytic ducts were included in SDI/LNs,
but excluded from SDI/WTs, because it was sometimes difficult to
distinguish the epithelial component of WT from the heterotopic onco-
cytic salivary duct in WT. There was a gradual transition from LNs with
SDIs and small WT, and non-oncocytic salivary ducts were a common
finding in established WT (82.6 %). Therefore, we assume that SDI/LNs
and SDI/WTs are essentially identical.

In a molecular analysis, Honda et al. [16] showed the polyclonal
nature of the epithelial component of WT, suggesting that WT is a
non-neoplastic tumor-like condition. Low molecular weight cytokeratin,
revealed by Cam5.2 immunohistochemistry, is a marker of extra-
follicular reticulum cells found only in true LNs. McLean-Holden and
Bishop [17] showed that lymphoid tissue in WT is positive for Cam5.2,
which strongly supports the theory that WT arises from SDIs. In contrast
to these studies, we performed a simple histological examination of WT
specimens, but identified SDI/WTs at a high frequency.

The role of SDI/WTs in the pathogenesis of WT is summarized in
Fig. 2. LNs with SDIs (Fig. 2B), oncocytic SDIs (Fig. 2C), and WTs
(Fig. 2E) have been widely studied. In this study, we have added WT
with SDIs (Fig. 2D) to fill the missing link between Fig. 2B/C and Fig. 2E.
In conclusion, a high incidence of SDI in WT itself proven in our study
strongly supports the theory that WT develops from ectopic salivary
ducts.
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Abstract

Basal cell carcinoma (BCC) usually occurs as a solitary lesion but occasionally presents as multiple lesions. The pro-
portion of multiple BCCs is 5.9%-7.1% in Asian patients. We conducted BCC screening in April 2021, focusing on
the presence or absence of multiple lesions. Patients examined between April 2021 and March 2022 (161 lesions in
136 patients) were classified as the screening group (SG) and those examined between April 2020 and March 2021
(111 lesions in 103 patients) were classified as the non-screening group (NSG). The proportion of patients with mul-
tiple BCCs was significantly higher in the SG than in the NSG (15.4% and 6.8%, p = 0.04). We provisionally classi-
fied the head and neck gaze region into the ‘central region’ and ‘peripheral region’ based on gaze patterns. In the
SG, the proportion of lesions in the peripheral region was higher in patients with multiple BCCs (32.6%) than in pa-
tients with a solitary BCC (14.8%). We speculate that we missed recognizing tumours in different areas, especially
peripheral areas of the head and neck. Our results indicate that the increase in multiple lesion cases through screen-
ing occurred owing to more conscious observation of different regions, especially head and neck regions, thereby

overcoming human gaze patterns.

Keywords

Asian, multiple basal cell carcinoma, gaze behaviour, screening, skin cancer

Introduction

Basal cell carcinoma (BCC) is the most common skin
cancer, and its incidence is increasing worldwide". It usually
occurs as a solitary lesion but occasionally presents as mul-
tiple lesions. Racial differences have been reported in the
proportion of patients with BCC who have another BCC,
ranging from 30% to 45% in Caucasians™ and from 5.9%
to 7.1% in Asians*”.

In April 2021, the Japan Clinical Oncology Group/Derma-
tologic Oncology Group (JCOG/DOG) started the prospec-
tive clinical trial JCOG2005 for head and neck BCC®. Since
the key inclusion criterion was isolated head and neck BCC,
our rigorous check for multiple lesions gave the impression
that the frequency of multiple BCC was higher than previ-
ously reported. Therefore, we conducted this retrospective
study to clarify the frequency and characteristics of Japanese
patients with multiple BCCs.

J Plast Recontr Surg 2025; 4(3): 169-172
https://doi.org/10.53045/jprs.2024-0034

Methods

This retrospective study included Japanese patients with
BCCs treated at our hospital between April 2020 and March
2022. Patients with xeroderma pigmentosum or nevoid BCC
syndrome were excluded. As we started BCC screening fo-
cusing on the presence of multiple lesions in April 2021, pa-
tients examined between April 2021 and March 2022 were
classified into the screening group (SG) and those examined
between April 2020 and March 2021 were classified into the
non-screening group (NSG). When the first BCC was con-
firmed, we also checked for any additional BCC. During the
screening, dermoscopy was used for observation, and biop-
sies were performed as needed. A full-body tumour screen-
ing was conducted without removing undergarments, unless
the patient was aware of a lesion in an area covered by un-
dergarments. All patients were examined by the same three
dermato-oncologists (one board-certified plastic surgeon and
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two board-certified dermatologists). Each patient was seen
by one dermato-oncologists. Clinical information was ob-
tained from medical records, including patient age, tumour
location, tumour diameter, number of tumours, and histopa-
thological pattern. Although there is no definition of gaze
pattern for dermato-oncologists, we provisionally classified
the head and neck gaze region into the ‘central region’ and
‘peripheral region’ based on behavioural patterns in routine
practice (Figure 1). The central region was defined as sur-
rounded by the bilateral upper edges of the eyebrow, lateral
edge of the masseter muscle, and lower edge of the mandi-
ble. The peripheral region was defined as other regions of
the head and neck. We assessed the distribution of tumour
location in patients with multiple BCCs: the central and pe-
ripheral regions of the head and neck, whole trunk, and up-
per and lower extremities.

This study was approved by the Institutional Review
Board and Human Research Ethics Committee of our insti-

[J: central region
: peripheral region

Figure 1.
neck region in dermato-oncologist. The ‘central region’ was de-

Provisional classification for gaze patterns head and

fined as the region surrounded by the bilateral upper edge of the
eyebrow, lateral edge of the masseter muscle, and lower edge of
the mandible (white area of the head and neck). The ‘peripheral
region’ was defined as other regions in the head and neck (grey
area).

tution (2022-3) and performed in accordance with the ethi-
cal guidelines of the 1975 Declaration of Helsinki (revised
in 2013). The requirement for written informed consent was
waived because this study retrospectively analysed ano-
nymized patient data.

Continuous data are summarized as means and standard
deviations; categorical variations are summarized as numbers
and proportions (%). Categorical data were compared using
chi-square and Fisher’s exact tests. Continuous variables
were compared using Student’s r-test. Statistical analyses
were performed using EZR version 1.36 (Saitama Medical
Center, Jichi Medical University, Shimotsuke-shi, Japan; ww
w.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html).

Results

Patient characteristics

In total, 239 patients, 136 in the SG and 103 in the NSG,
were treated during the study period (Table 1). No signifi-
cant differences were found between the two groups with re-
spect to sex and age. In the SG, 115 (84.6%) patients had a
single lesion and 21 (15.4%) had two or more lesions. In
the NSG, 96 (93.2%) patients had a single lesion and 7
(6.8%) had two or more lesions; the difference between
groups was significant (p = 0.04).

Tumour characteristics

The total number of tumours in the SG and NSG groups
was 161 and 111, respectively (Table 2). Out of 161 lesions
in the SG, 160 were diagnosed as BCC through histopa-
thological examination. In the remaining case, the lesion
was diagnosed as BCC via dermoscopy, but treatment was
not pursued due to the exacerbation of a comorbid condi-
tion. The tumour diameter was 11.3 = 7.9 mm and 9.9 + 6.1
mm in the SG and NSG, respectively, with no significance
between the groups (p = 0.14; Table 1). Approximately 70%
of BCCs were located in the central region of the head and
neck in both SG and NSG. In patients with multiple BCCs
in the SG, the proportions of lesions in the peripheral region
of the head and neck (32.6%) and whole trunk (13.0%)
were higher than those in patients with solitary BCC
(14.8%, 6.1%, respectively; p = 0.003; Table 2). Figure 2

Table 1. Patient Characteristics.
Total Screening group  Non-screening group p
No. of patients 239 136 103
No. of tumours 272 161 111
Sex 0.77
Female, n (%) 118 (49.4) 66 (48.6) 52 (50.5)
Male, n (%) 121 (50.6) 70 (51.4) 51 (49.5)
Age (years) means + SD 75.5+12.5 75.6 +£13.4 753 +11.1 0.83
Solitary BCC, n (%) 211 (88.3) 115 (84.6) 96 (93.2) 0.04
Multiple BCC, n (%) 28 (11.7) 21 (15.4) 7(6.8)
Diameter, mm 107 +7.3 11.3+7.9 99 +6.1 0.14

BCC, basal cell carcinoma
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Table 2. Anatomical Location and Histopathology of 272 BCC Lesions Developing in 239 Patients.

Screening group Non-screening group
Solita Multiple Solita Multiple
nleglta(l% ) BOC. BOG p nlel"]ta(l% ) BCC. BCC p
n=115(%) n=46 (%) n=96 (%) n=15 (%)
Anatomical location
Central region of the head and neck 111 (69.9) 87 (75.6) 24 (52.2) 0.003 79(71.2)  67(69.8) 12(80.0) 0.06
Peripheral region of the head and neck 32 (19.9) 17 (14.8) 15 (32.6) 20 (18.0) 20 (20.8) 0(0.0)
Whole trunk 13 (8.1) 7 (6.1) 6 (13.0) 7 (6.3) 4(4.2) 3 (20.0)
Upper extremities 4(2.5) 4(3.5) 0(0.0) 3.7 3@3.1) 0(0.0)
Lower extremities 1(0.6) 0(0.0) 1(2.2) 2(1.8) 2(2.1) 0(0.0)
Histologic pattern
Nodular 92 (57.1) 72 (62.6) 20 (43.5) <0.001 63 (56.8) 54 (56.2) 9(60.0) 0.92
Superficial 12 (7.5) 2(1.7) 10 (21.7) 14 (12.6) 13 (13.5) 1(6.7)
Micronodular 15 (9.3) 10 (8.7) 5(10.9) 8(7.2) 7(7.3) 1(6.7)
Infiltrating 9 (5.6) 7 (6.1) 2 (4.3) 327 3@3.1) 0(0.0)
Morphoeic 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Mixed 29 (18.0) 24 (20.9) 5(10.9) 23(20.7)  19(19.7) 4(26.6)
Unknown 4(2.5) 0(0.0) 4(8.7) 0(0.0) 0(0.0) 0(0.0)

BCC, basal cell carcinoma

Figure 2. Tumour location in patients with multiple BCCs in the screening group.

Plotting schema of tumour location in patients with multiple BCCs in the screening group and provisional classification for gaze pat-
terns of dermato-oncologist in head and neck region. Tumour sites are plotted by black dots (n = 46 in 21 patients). Group A (cases
1-8, red frame) had multiple lesions, including two lesions in the central region of the head and neck. Group B (cases 9-12, blue
frame) had multiple lesions in the same region, the peripheral region of the head and neck or the whole trunk region. Group C (cases
13-21, green frame) had multiple lesions in different regions.

shows a plot of tumour location in patients with multiple cantly higher in the multiple BCC group than in the solitary
BCCs in the SG. Groups A+B (12/136, 8.8%) had at least BCC group (p < 0.001).
two tumours in the same region. Nodular BCC was the most

common histological pattern in both groups, followed by Discussion
mixed, micronodular, superficial, and infiltrating patterns.
The proportion of superficial patterns in the SG was signifi- The frequency of multiple BCCs in Asians has been re-
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ported to be lower than that of Caucasians. Indeed, the fre-
quency of multiple BCCs in Asians at our institution before
we initiated this study was similar to previous reports of the
frequency of multiple BCCs in Asians. However, in this
study, the frequency of multiple BCCs increased even
though the duration and number of patients enrolled were
similar and the examining physicians were the same.

We hypothesized that the gaze pattern was the cause for
not identifying other lesions. Ishii et al. reported that casual
observers gazing at paralyzed and normal faces direct most
attention to the central triangular region, including the eyes,
nose, and mouth regions”. Cai et al. reported that viewers
with increased experience in cosmetic surgery focus more
quickly on areas of interest relevant to facelifts, such as the
cheeks, chin, and neck, and have a more evenly distributed
gaze pattern across the face'”. Previous reports on multiple
BCCs did not describe the observer’s gaze pattern. We pro-
visionally classified the head and neck gaze region into the
‘central’ and ‘peripheral’ regions. In patients with multiple
BCCs in the SG, the proportion of lesions in the peripheral
region of the head and neck (32.6%) and whole trunk
(13.0%) was higher than that in patients with a solitary
BCC. Eight and four patients (8.8%, group A+B) in the SG
had two BCCs in the same region (Figure 2), which was
similar to previous reports*”. Our results indicate that the in-
crease in multiple lesion cases through screening occurred
owing to more conscious observation of different regions,
especially head and neck regions, thereby overcoming hu-
man gaze patterns. Early detection of other lesions benefits
patients because a few millimetres difference in BCC in the
head and neck can affect reconstructive surgery.

The higher proportion of superficial patterns in patients
with multiple BCCs in the SG may be due to the difficulty
in identifying superficial BCCs with clinical features such as
pigmented macules. In patients with a single BCC, physi-
cians should conduct a full-body screening to check for ad-
ditional BCCs at other sites. If it is difficult to perform a
full-body screening on all patients with BCC in routine
clinical practice, patients and their families should be made
aware that the proportion of multiple BCCs is higher than
that in previous reports*”.

Although this was a single-centre study with a short ob-
servation period of 2 years, the researchers found that the
frequency of multiple BCC was higher than previously as-
sumed in the Japanese population. Whether the frequency of
multiple BCCs in Japanese is higher than previously as-
sumed requires further large-scale epidemiological studies.

We must examine this region more carefully.
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Abstract

The rapid aging of the population has led to an increase in the number of cutaneous
squamous cell carcinoma (cSCC) cases among the older population. However, the char-
acteristics of these cases remain unclear. In this study, we aimed to identify the problem
by analyzing the clinical characteristics of patients with cSCC aged 90years and over. In
this retrospective study, we analyzed the characteristics of patients aged >90years with
regard to gender, risk factors for cSCC, and disease course, using data from 316 patients
with ¢SCC who underwent surgery at the Kagoshima Medical Centre between October
2014 and September 2022. Patients were separated into two groups based on age: those
aged >90vyears (104 patients) and those aged <90vyears (212 patients). Regarding the
National Comprehensive Cancer Network risk classification, there was no difference
between groups. Univariate, multivariate, and Cox analyses of relapse-free survival of
patients in both groups indicated that the recurrence risk was significantly high among
those aged 290years. Patients aged 290years were at higher risk for recurrence, suggest-

ing a need for closer follow-up than that for patients aged <90vyears.

KEYWORDS
cutaneous squamous cell carcinoma, epidemiologynonagenarianolder-oldrecurrence

previous irradiation sites or chronic inflammatory processes, tumor

growth rate, neurologic manifestations, and histologic features.

The incidence of cutaneous squamous cell carcinoma (cSCC) in
Japan has risen sharply in recent years,* particularly in the older pop-
ulation. The majority of cSCC cases are caused by long-term ultravi-
olet radiation exposure,? which explains why the risk and incidence
of ¢SCC increase with age‘3 With the rapid aging of the population,
the number of cSCC cases among older patients aged >90years is
expected to further increase in the future. However, the character-
istics of cSCC in this population are largely unknown.

According to the current cSCC guidelines, age is not considered a
risk factor for cSCC.#"¢ For example, in the National Comprehensive
Cancer Network (NCCN) guidelines,4 the risk classification of lo-
calized cSCCs is based on the tumor location or size, clinical tumor
boundaries, primary or recurrent tumor status, immunosuppression,

Herein, we investigated the clinical characteristics and progno-
ses of patients with cSCC occurring in patients aged >90years. This
study aimed to identify the features of cSCC occurring in this patient

population to facilitate better assessment of treatment strategies.

2 | METHODS

2.1 | Patient population

A total of 316 patients who underwent surgery as initial treat-
ment for cSCC at the Division of Dermato-Oncology of Kagoshima
Medical Center between October 2014 and September 2022 were
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enrolled in this study. The medical and surgical records of the pa-
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tients were retrospectively reviewed. All patient data were de-
identified. Patients were excluded from the study if they had only
in situ disease, including Bowen's disease or actinic keratosis, and
had missing clinical information. The depth of the excision was de-
termined by preoperative ultrasonography, computed tomography,
and magnetic resonance imaging if a deeper tumor invasion depth
was expected. In deciding on the surgical procedure, the patient's
overall condition, including mental state and presence of dementia,

was considered, but the patient's age was not.

2.2 | Evaluation criteria

Clinical characteristics such as age, sex, risk factors, histologic dif-
ferentiation, and history of taking immunosuppressive drugs were
extracted. All tumors were confirmed as ¢SCC by pathologists and
classified according to the tumor-node-metastasis classification of
the Union for International Cancer Control (eighth edition). Risk
classification was assessed according to the updated NCCN guide-
lines.* The patients were followed up at our hospital or referred to
dermatologic clinics. Reffered patiens were contacted to collect the
patients' data following the surgical course.

2.3 | Statistical analysis

Univariate and multivariate analyses of recurrence-free survival
and the log-rank test were performed using STATA. Recurrence-
free survival was calculated from the date of the initial surgery
to the date of the first recurrence or the latest contact with the
patient using the Cox proportional hazards model. Multivariate
comparisons were performed using the Cox proportional hazards

model.

2.4 | Study approval

This retrospective, nonrandomized, observational study using ex-
isting data was reviewed and approved by the Institutional Review
Board of the Kagoshima Medical Center in accordance with the
Declaration of Helsinki. Because this was a retrospective cohort
study, the opt-out method of obtaining informed consent was

used.

3 | RESULTS

The clinical data of 316 patients included in this study are summa-
rized in Table 1. The age distribution of the patients ranged from
45 to 101years. Among the participants of this study, 212 (67.1%)
were aged <90years and 104 (32.9%) were aged >90vyears. There
were more women aged 90years or older, reflecting the longer life

TABLE 1 Cutaneous squamous cell carcinoma occurrence
according to age groups.

Age category (years)
290 <90
Variable n=104 (%) n=212 (%) p
Age (years)
Median (IQR) 93.0(90.5-96.0)  83.0(77.0-87.0) <0.001
Sex
Male 40 (38.5) 130 (61.3) <0.001
Female 64 (61.5) 82(38.7)
Location
Head and neck 84 (80.8) 141 (66.5) 0.051
Extremity 16 (15.4) 62 (29.2)
Trunk 2(1.9) 6(2.8)
Genitals 2(1.9) 3(1.4)
History of taking immunosuppression drugs
Yes 11 (10.6) 43(20.3) 0.031
No 93(89.5) 169 (79.7)
Risk classification (NCCN)
Low risk and high 63 (60.6) 141 (66.5) 0.3
risk
Very high risk 41 (39.4) 71(33.5)
Invasion level beyond fat
Yes 12 (11.5) 8(3.8) 0.008
No 92(88.5) 204 (96.2)
Perineural or lymphovascular involvement
Yes 15(14.4) 18(8.5) 0.11
No 89 (85.6) 194 (91.5)
Surgical margin
5-10mm 29 (27.9) 35(16.5) 0.018
Narrower margin 75(72.1) 177 (83.5)
(<5mm)
Surgical margin
Negative 98 (94.2) 201 (94.8) 0.83
Positive 6(5.8) 11(5.2)
Tumor size (mm)
Median 18 16 0.12
IQR 12.25-28.75 10.75-25
Minimum 5 2
Maximum 90 110
Tumor thickness (mm)
Median 4.5 3.8 0.842
IQR 2.9-7.5 2.3-6.8
Minimum 0.5 0.3
Maximum 18 36

Abbreviations: IQR, interquartile range; NCCN, National
Comprehensive Cancer Network.

expectancy of women than that of men. Additionally, there were
fewer patients taking immunosuppressive drugs in the group aged
>90years. While there were no significant differences in the NCCN
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TABLE 2 Recurrence-free survival of A 90 Age 290 p
patients with cutaneous squamous cell ge <sUyears ge =70years
carcinoma. Observation period (days)
Median 579.6 283.5
IQR 190.5-818.0 61.5-396.0
Number of recurrences (local:distant) 12 (6:6) 13 (8:5)
Recurrence rate (1000 person-years) 29.70 129.79
Univariate analysis HR (95% ClI) 1 6.68 (2.76-16.20) <0.001
Multivariate analysis HR (95% Cl) 1 8.79 (3.33-23.20) <0.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; IQR, interquartile range.

risk classifications between the groups, those aged 290years had
significantly more patients with ¢SCC tumor invasion beyond the
subcutaneous fat (P=0.008). This may reflect the delay in accessing
clinics and the progression of cSCCs in those aged 290years. While
the patients in the group aged 290years were subject to standard
surgical margin resection, the surgical margin tended to be wider
(25mm) in those aged 290years (P=0.018). To examine the impact
of age (290 vs <90years) on the recurrence of patients with cSCC,
the tumor recurrence rates were evaluated using the Cox analysis.
According to the univariate analysis, individuals aged 290years had
significantly worse recurrence-free survival rates. Furthermore, ac-
cording to the multivariate analysis including clinical factors such as
sex, surgical margins, invasion level beyond the subcutaneous fat,
risk classification (NCCN), perineural or lymphovascular involve-
ment, history of taking immunosuppression drugs, and surgical mar-
gins (positive or negative), the hazard ratio of patients aged >90years
was significantly higher than that of patients aged <90years. These
findings demonstrate that age 2 90years is an independent prognos-
tic factor for cSCC (Table 2).

4 | DISCUSSION

The key conclusion of this study is that patients over 90years of age
had a higher rate of ¢SCC recurrence than did patients under 90.
The NCCN risk classification does not include aging, hence there has
never been any evidence linking it to cSCC recurrence. It is unclear if
cancer recurrence rates are higher in elderly people, especially those
who are very old, than in younger patients. Regarding rectal cancer,
younger patients typically present with more advanced disease and
have a higher recurrence rate, but their stage-specific survival rates
are similar to those of older patients.” In non-small-cell lung cancer,
overall survival is shorter in older patients, but recurrence rates are
similar across age groups.8 The recurrence rate and mortality rate
for breast cancer vary.” ! These reports suggest that age can be
an important factor in cancer recurrence and survival, but the im-
pact of age varies depending on the type of cancer and other disease
characteristics.

The frequency of taking immunosuppressants was higher in pa-
tients under 90years old than in those over 90years old. Although

immunosuppressants are associated with an increased risk of skin
cancer, in the very old population other risks such as accumulated
DNA damage may be more likely to cause the development of
skin cancer. Previous research has shown that tumors in patients
aged 75years and over tend to be larger, poorly differentiated, and
deeply invasive.'> However, in this study, only the level of inva-
sion differed between the patient groups aged 90years and over
and those aged under 90years. The underlying cause of the high
recurrence rate of cSCC in patients aged 90 and over observed in
this study is not entirely clear; however, it may be associated with
the accumulation of DNA damage and the propensity for deeper
tumor invasion.

Patients in their 90s accounted for 33% of all patients in this
study. This is clearly high given the proportion of the population by
age. According to a population survey in Kagoshima Prefecture, the
population in their 90s only accounts for approximately 10% of the
population aged 70years and above.r® This is reflected in the can-
cer statistics by site for 2019 on the Japanese Ministry of Health,
Labour and Welfare website, which shows that while the overall
cancer incidence rate peaks at age 90years and gradually declines,
the skin cancer incidence rate shows a further increasing trend even
at age 90vyears and older.}* Furthermore, the incidence of cSCC has
been reported to be increasing, although it is unclear whether this is
due to an increase in the incidence or an increase in the number of
diagnoses following advances in diagnostic techniques.

In conclusion, cSCC in patients over 90years of age has a high re-
currence rate, even when treated like that in patients under 90years
of age. Accordingly, patients over 90years of age require careful
postoperative follow-up with recurrence in mind.
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LETTER TO THE EDITOR

Combination treatment of cultured epithelial autograft
and meshed full-thickness skin graft for giant congenital

melanocytic nevus

Dear Editor,

A 7-day-old girl was referred to our clinic for circumferential pig-
mented lesions on the trunk, pubic groin, and left thigh and was di-
agnosed as a case of congenital giant melanocytic nevus (GCMN).
Considering the risk of carcinogenesis and cosmetic concerns, we
opted for early surgical intervention. At 16 months of age, she un-
derwent volume reduction surgery for the left thigh lesion and skin
harvesting from the right inguinal region for cultured epidermal

autograft (CEA) transplantation. Subsequent excision of the residual

lesion and CEA transplantation were performed at 23 months of age
(Figure 1a-c). Because of the extensive size of her lesions, a single
method of covering was insufficient. After obtaining written consent
from her family, three different CEA coverage methods were em-
ployed: (i) upper medial lesion excision with CEA, (ii) lower medial le-
sion excision with CEA and 3:1 full-thickness skin graft (FTSG) mesh,
and (iii) lower medial lesion excision with CEA and 3:1 split-thickness
skin graft (STSG) mesh. The lesions repaired with CEA alone were
resected at the level of the mid dermis, while lesions repaired with

FIGURE 1 Clinical findings of (a)

the patient's left thigh preoperatively,

(b) after congenital giant melanocytic
nevus (GCMN) resection, and (c) after
reconstruction. Areas marked A, B, and

C represent the areas repaired with
cultured epidermal autograft (CEA) alone,
CEA with full-thickness skin graft (FTSG),
and CEA with split-thickness skin graft
(STSG), respectively. (d, e) One and a half
years postoperatively, areas repaired
with CEA alone exhibited recurrent nevi,
whereas areas repaired with CEA and
STSG showed prominent scarring, which
was subsequently excised. (f) Five years
postoperatively, the areas repaired with
CEA and FTSG remained cosmetically
satisfactory. The scarred region following
repair with CEA and STSG (Area C in [c])
was excised at the level of the middle
layer of adipose tissue, resulting in a linear
scar at the margins of the lesion.

e268 © 2025 Japanese Dermatological Association.
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CEA and the FTSG mesh or CEA and the STSG mesh were resected
at a deeper level, leaving a subcutaneous vascular network. The
FTSG mesh was harvested from her right inguinal region, while the
STSG mesh, with a thickness of 10/1000 inches, was harvested
from her back. One year postoperatively, her lower medial lesions
healed more favorably with slight scarring compared to the lateral
and upper medial lesions (Figure 1d,e). The lateral area covered with
CEA and STSG was later excised due to scarring, severe itching, and
disfigurement. The areas covered with CEA and FTSG remain in fa-
vorable condition on assessment 5years’ postoperatively (Figure 1f).

Because of potential cosmetic problems, early excision is recom-
mended for GCMN, which often requires extensive reconstruction
for larger skin defects. Traditionally used for skin defects due to se-
vere burns, CEA has emerged as a promising treatment option for
GCMN skin defects. Two methods have been reported when using
CEA following nevus curettage for GCMN: CEA application alone
or CEA application in combination with meshed STSG.>? However,
both methods can lead to cosmetic issues such as pigmentation
and hypertrophic scarring, respectively. In our study, similar results
were observed in areas repaired with CEA alone or CEA with STSG.
Conversely, areas repaired using CEA with FTSG exhibited excellent
prognosis with minimal scar formation. Compared to STSG, FTSG
demonstrates superior cosmetic outcomes, although this is limited
by their viability.® This advantage is attributable to the retention of
the subcutaneous plexus, which stabilizes blood flow to the graft
and allows mesenchymal stem cell proliferation,* thereby inhibiting
scar formation and promoting wound healing.

To the best of our knowledge, this is the first study to report
the potential benefits of retaining the subdermal vascular plexus
and using CEA in conjunction with meshed FTSG for GCMN repair.
Despite limitations in harvested skin size, this approach offers a valu-

able option for GCMN treatment with excellent cosmetic outcomes.
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1 | INTRODUCTION

Endocrine mucin-producing sweat gland carcinoma (EMPSGC) is a
rare, low-grade, malignant tumor that primarily affects older indi-
viduals and predominantly occurs around the eyelids. Histologically,

Abstract

Endocrine mucin-producing sweat gland carcinoma (EMPSGC) is an uncommon, low-
grade, malignant tumor that predominantly affects older patients and is often located
around the eyelids. Diagnosing EMPSGC is challenging because of its clinical and imaging
similarities to benign lesions such as epidermal cysts. This report presents two cases of
EMPSGC with ultrasound features resembling benign cystic lesions that were initially
considered in the differential diagnosis. For both cases, ultrasound imaging revealed
hypoechoic masses with posterior acoustic enhancement and peritumoral vascularity,
which are frequently associated with epidermal cysts. However, a histopathological anal-
ysis confirmed the diagnosis of EMPSGC demonstrating solid and papillary structures
with mucin pools and neuroendocrine differentiation. These cases highlight the potential
for misdiagnosis using preoperative imaging because ultrasound can obscure malignancy.
Enhanced posterior echoes likely stem from mucin deposits within the tumor, thus un-
derscoring the need for an early biopsy and histological analysis when atypical findings
are observed. Additionally, Doppler ultrasound detected a peritumoral blood flow, which
may suggest malignancy; however, benign lesions may exhibit similar vascularity. Further
accumulation of cases is necessary to determine whether peritumoral vascularity is a
distinguishing characteristic of EMPSGC. This report emphasizes the importance of rec-
ognizing EMPSGC's mimicry of benign lesions on ultrasound, particularly in cosmetically
sensitive areas. An accurate diagnosis of EMPSGC requires imaging, histopathology, and
immunohistochemical staining because misinterpretation may delay appropriate treat-

ment and increase the risk of recurrence.

KEYWORDS
adnexal and skin appendage, diagnostic imaging, differential diagnosis, facial neoplasms,
ultrasonography

EMPSGC comprises solid and papillary structures with cells exhib-
iting neuroendocrine features. An immunohistochemical analysis is
essential to confirming its diagnosis, as evidenced by the expression
of markers such as synaptophysin, chromogranin, and hormone re-
ceptors that help differentiate EMPSGC from other adnexal tumors,
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including benign entities such as epidermal cysts or malignant sweat
gland carcinomas.! The rarity of EMPSGC and its clinical and mor-
phological similarities to benign lesions, such as epidermal cysts,
often lead to diagnostic challenges.2

Ultrasound is widely used to evaluate soft tissue lesions because
it is a non-invasive, rapid, and cost-effective modality that provides
detailed anatomical information and allows the assessment of lesion
vascularity.® Although ultrasound is useful for assessing all areas of
the body, it is particularly useful for assessing cosmetically and func-
tionally important areas (such as the periorbital region) that require
accurate imaging to enable appropriate clinical decision-making.

Ultrasound significantly improves preoperative diagnostic accuracy
when evaluating subcutaneous benign lesions, particularly lipomas
and epidermal cysts. However, the ability of ultrasound alone to
determine a definitive diagnosis,4 and the existence of overlapping
imaging features, can further complicate the differential diagnosis.
The ultrasound findings of EMPSGC have not been reported be-
cause such cases are rare. We performed ultrasound imaging using
a FUJIFILM-FCI-X HFL25xp linear probe (Fujifilm; central frequency,
9 MHz; effective frequency range, 6-13 MHz). This report describes
the characteristics of EMPSGC that mimic those of epidermal cysts
on ultrasound.

FIGURE 1 Clinical findings, ultrasound image, and pathological findings of case 1. (a) A 1-cm-diameter nodule with a normal color is
observed on the right cheek. (b) Doppler ultrasound image of the nodule. (c) Histopathological findings of the tumor (hematoxylin and eosin
staining, orginal magnification x6.5) and (d) original magnification x400. (e) Immunostaining images of estrogen receptor, (f) progesterone

receptor, and (g) synaptophysin (original magnification x400).
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FIGURE 2 Clinical findings, ultrasound image, and pathological findings of case 2. (a) A nodule is observed on the left cheek. (b) Doppler
ultrasound image of the nodule. (c) Histopathological findings of the tumor (hematoxylin and eosin staining, original magnification x12.5 and
(d) original magnification x400. (e) Immunostaining image of synaptophysin (original magnification x400).

2 | CASE REPORTS
21 | Casel

A man in his 70s presented to our clinic with a gradually increasing sub-
cutaneous mass on the right cheek that he had noticed 4 months ear-
lier. The initial examination revealed a slightly reddish, 1-cm mass with
a smooth elevated surface on the right cheek (Figure 1a). The mass was
mobile over the underlying tissue. Ultrasound imaging demonstrated an
approximately 9-x5-mm, well-defined, oval, hypoechoic mass within
the dermis. Internal debris was visualized as echogenic linear reflec-
tions, and the lateral borders appeared unclear. Notable posterior acous-
tic enhancement and mild lateral acoustic shadowing were observed.
A color Doppler analysis revealed vascular signals in the surrounding
tissue (Figure 1b). The mass, which was suspected to be an epidermal
cyst, was excised. Histologically, a well-defined, non-encapsulated, solid
tumor that was continuous with a portion of the epidermis and prolifer-
ated throughout the dermis was observed (Figure 1c,d). The tumor cells
had large round-to-oval nuclei with prominent nucleoli, and their cyto-
plasm ranged from eosinophilic to amphophilic and appeared round or
spindle-shaped. The cells proliferated in a sheet-like pattern and formed

tubular structures. At the periphery, the tumor exhibited invasive growth
and the formation of small nests. Numerous mitotic figures were also
observed. Immunohistopathological findings indicated that the tumor
cells were positive for estrogen receptor, progesterone receptor, synap-
tophysin (Figure 1e-g), insulinoma-associated protein 1, and cytokeratin
7. EMPSGC was diagnosed, and the patient underwent extended resec-
tion because part of the lateral margin was positive. Six months after the
second surgery, no evidence of tumor recurrence was observed.

2.2 | Case2

A woman in her 50s presented to our clinic with a small, non-tender
nodule on her left upper eyelid that she had noticed 1year previously.
The nodule was firm, mobile, and had a diameter of approximately 5mm
(Figure 2a). Ultrasound imaging revealed a 5-mm hypoechoic lesion with
unclear boundaries and heterogeneous internal echoes in the subcuta-
neous tissue. Posterior acoustic enhancement and mild lateral acoustic
shadowing were observed. Color Doppler imaging detected vascular sig-
nals adjacent to and along the tumor boundary, which appeared unclear.
These findings as well as the mobility and characteristics of the lesion
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initially suggested a cyst or pilomatricoma (Figure 2b). The tumor was

DERMATOLOGY

excised under local anesthesia and exhibited solid mucinous nests with
neuroendocrine differentiation (Figure 2c,d). An immunohistochemical
examination indicated positive staining for synaptophysin, thus con-
firming the diagnosis of EMPSGC (Figure 2e). The patient subsequently
underwent a second surgery to ensure complete excision with a 3-mm
margin around the previous surgical site. No signs of recurrence were

observed during regular follow-up for more than 4 years after surgery.

3 | DISCUSSION

Hypoechoic masses with posterior acoustic enhancement and lateral
shadowing observed during ultrasound imaging of subcutaneous tu-
mors are often recognized as characteristic features of epidermal cysts.
These sonographic characteristics are non-specific. Similar findings were
observed in our cases; however, the histopathological examination indi-
cated a diagnosis of EMPSGC. Although the findings in our cases may
be better explained by the high cell density of the tumor that resulted
in hypoechoic masses with posterior acoustic enhancement and lateral
shadows, mucin deposition is a characteristic feature of EMPSGC that
should be considered a factor that contributes to the appearance of this
tumor type on ultrasound.® Even though mucin was less pronounced in
our cases, its potential influence on enhanced posterior echoes cannot
be entirely excluded. Additionally, ultrasound findings such as unclear
lateral boundaries are worth noting because they may occur in epider-
mal cysts with certain phases or conditions.® These characteristics could
contribute to diagnostic challenges when differentiating benign lesions,
such as epidermal cysts, from malignancies. Therefore, integrating imag-
ing with histopathological analyses is important for interpretating these
findings and ensuring timely and appropriate treatment.

Another notable characteristic of the ultrasound findings of these
cases was the presence of blood flow surrounding the tumor. In particu-
lar, case 2 demonstrated blood flow adjacent to the tumor. The presence
of blood flow around a subcutaneous mass on Doppler ultrasound may
suggest malignancy. The blood flow of malignant tumors is generally
more extensive than that of benign masses”® because of tumor-induced
angiogenesis. Although vascular signals on Doppler ultrasound are sen-
sitive and specific for malignancy, they are not definitive markers be-
cause benign lesions can also exhibit high vascularity.9 Yamanaka et al.*°
reported that benign cutaneous tumors, such as inflammatory epidermal
cysts, pilomatricomas, and palmoplantar fibromatoses, also exhibited
vascular signals in 25% of cases. In the present cases, blood flow was
observed around the tumor, but not within it. Additionally, the face is a
highly vascularized area. Therefore, whether the presence of peritumoral
blood flow on Doppler ultrasound is a characteristic feature of EMPSGC
requires further accumulation of cases.

In conclusion, this case report highlights the diagnostic challenges
of EMPSGC caused by its rarity as well as the similarities of EMPSGC
to benign lesions such as epidermal cysts on ultrasound. Hypoechoic
regions with posterior acoustic enhancement observed with EMPSGC
can mimic benign cysts, leading to potential misdiagnoses. Although
Doppler ultrasound images showing abundant peritumoral vascularity
may suggest malignancy, it cannot be considered definitive. Ultrasound

is a valuable and non-invasive diagnostic method used to assess subcu-
taneous tumors, especially those in cosmetically sensitive and function-
ally important areas; however, its limitations should be acknowledged.
Consideration of the possibility of malignancies such as EMPSGC during
clinical evaluations is essential, particularly for periocular tumors pre-
senting with cyst-like features resembling epidermal cysts.
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for urethral reconstruction. The primary objective was complete excision of the diseased
area while minimizing postoperative complications, with a particular focus on preserva-
tion of urinary function. Transurethral resection enabled precise resection of the urethral
mucosa without compromise of the urethral sphincter. Pathological analysis confirmed
negative margins in three of the four patients; one patient had preoperative evidence of
tumor cell invasion at the internal urethral orifice. Urinary function was preserved in all
patients, and postoperative complications such as urethral stricture were successfully
managed using dilation. No recurrences were observed during follow-up. This approach,
which combines transurethral resection and oral mucosal grafting, offers a minimally
invasive and function-preserving surgical option for urethral-involved extramammary
Paget disease, demonstrating favorable oncological and functional outcomes.

KEYWORDS
extramammary Paget disease, minimally invasive surgical procedures, quality of life, transurethral
resection, urethral neoplasms

More invasive procedures such as excision of the vulva, perineum,

1 | INTRODUCTION

rectum, or urethra; total cystectomy; and total pelvic exenteration

Extramammary Paget disease (EMPD) is a rare cutaneous intraepi-
thelial malignancy that primarily affects areas rich in apocrine glands,
such as the genital, perianal, and axillary regions. A notable feature
of EMPD is its ability to invade adjacent structures, including the
urethra, vagina, and anus. The mucosal border is involved in approx-
imately one-third of cases,! and boundary area tumor involvement
is a major risk factor for incomplete excision, local recurrence, and
poor survival outcomes.

When EMPD invades the mucous membranes of the anus or
genitals, the standard approach has been wide local excision; how-
ever, complete excision is difficult using wide local excision alone.

may be performed with the aim of achieving a wide excision.? These
surgical methods may lead to substantial tissue loss and require ex-
tensive reconstruction, leading to serious functional impairment and
deformity and reducing the patient's quality of life. However, incom-
plete resection of the primary tumor reportedly has no significant
association with a poor prognosis.l'3 Therefore, a less invasive sur-
gical approach that preserves anogenital® and urinary® function may
be acceptable as a first-line treatment for resectable EMPD.
Transurethral resection (TUR) is commonly used to treat
certain urinary and prostate conditions, particularly prostate
enlargement® or bladder tumors.” It is also used to treat certain

1094 | © 2025 Japanese Dermatological Association.
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FIGURE 1 (a)Clinical appearance
before surgery. The dotted line indicates
the preoperatively estimated skin
boundary of the tumor, while the solid

line represents the skin incision line.
Cystoscopy images showing the urethra
before transurethral treatment (b),

after resection of one-quarter of the
urethral mucosa (c), and after complete
circumferential resection of the urethral
mucosa (d). (e) Clinical appearance

after tumor excision. (f) Final clinical
appearance after surgery. The skin defects
on both sides were repaired using gluteal
fold flaps. Endoscopic findings (g) and
clinical appearance (h) 1year after surgery.

types of urethral cancer. In the 2020 European Association of
Urology guidelines on primary urethral carcinoma, TUR is indi-
cated primarily for small distal urethral tumors, particularly in pa-
tients in whom the tumor is noninvasive or minimally invasive.®
The procedure involves inserting a resectoscope through the ure-
thra to access bladder or urethral lesions. A wire loop with elec-
tric current is used to remove the tumor, and the tissue is sent
for pathological evaluation. The technique is precise and allows
tumor removal without external incision. TUR offers a less inva-
sive, bladder-preserving treatment with fewer complications than
traditional surgical methods.

Herein, we describe four patients with vulvar EMPD with sus-
pected urethral involvement, all of whom were treated surgically
using TUR.

DERMATOLOGICAL
ASSOCIATION

2 | CASE REPORT

A 55-year-old woman was referred to our clinic because of vulvar
erythema that had persisted for 7years (Figure 1a). Histologically,
she was diagnosed with EMPD, and mapping biopsy revealed tumor
invasion of the epithelium of the external urethral meatus. Although
bladder cystoscopy did not reveal macroscopic or histological tumor
invasion, the presence of tumor cells at the external urethral meatus
increased the likelihood of urethral invasion, so it could not be com-
pletely ruled out. This consideration led us to proceed with urethral
resection. The urethral mucosa was completely resected from the
internal urethral orifice using TUR, while the urethral sphincter was
preserved (Figure 1b-d). The skin lesions were excised 10mm from
the visible tumor margins. The vaginal mucosa was excised along
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the negative mapping biopsy line, and the anal lesion was resected
based on the negative mapping biopsy results, with preservation of
the anal sphincter (Figure 1e). The skin defects on both sides were
reconstructed using gluteal fold flaps (Figure 1f). Urethral recon-
struction was performed using a buccal mucosal graft harvested
from the left buccal mucosa and oral vestibule. The graft was su-
tured to the external urethral meatus, incorporating the sphincter
and flap. The internal urethra was grafted using a urethral catheter,
for compression, to ensure graft adherence. Postoperative tissue ex-
amination was performed specifically at the internal urethral open-
ing, at the pathologist's discretion, and no tumor cells were detected
at this site. Postoperatively, the patient developed bladder irritation
as a complication; however, her symptoms resolved within 2weeks,
after antibiotic therapy. One year after surgery, no recurrence has
been observed (Figure 1g,h).

Further details of the patients included in this study are summa-
rized in Table 1. In cases 2 and 3, as in case 1, tumor invasion of the
external urethral opening was confirmed by preoperative biopsy. In
all cases, resection of the urethral mucosa was performed up to the
internal urethral orifice. Histopathological examination confirmed
that the side margin facing the bladder was negative, and no tumor
cells were detected at the internal urethral opening. In case 4, pre-
operative biopsy revealed the presence of tumor cells, not only in
the external urethral meatus but also in the internal urethral me-
atus. However, considering the patient's advanced age and overall
activities of daily living, we decided to forgo more aggressive sur-
gical interventions, such as total urethrectomy or urinary diversion,
and treated her using TUR-based urethrectomy. In case 2, urethral
reconstruction was performed using the lip mucosa, whereas in the
other patients, the buccal mucosa was used. The difference in mu-
cosal harvesting sites did not affect the surgical difficulty or occur-
rence of postoperative complications.

All patients successfully underwent TUR without intraoperative
complications. Postoperative pathology confirmed negative surgical
margins except in case 4. Urinary function was preserved in all cases.
Two patients developed postoperative urethral strictures that were
effectively managed using urethral dilation using a multiple-use bou-

gie. In case 2, no recurrence was observed for 7years, whereas in

TABLE 1 Summary of the four cases.

case 3, no recurrence was observed for 3years and 3months. In case

4, no disease progression was observed for 2years and 9 months.

3 | DISCUSSION

In cases of EMPD extending to the urethral mucosa, traditional sur-
gery typically involves excision of the urethral mucosa, followed by
skin grafting, which often results in postoperative complications,
particularly urethral strictures.> Urethral strictures can affect pa-
tients' quality of life by causing urinary dysfunction, such as dif-
ficulty in voiding and urinary spraying. To address this, Nakamura
et al.® introduced a novel technique involving implantation of buccal
mucosa between the remaining urethral mucosa and the skin graft
after excision. This method successfully prevented urethral stric-
ture and maintained normal urinary function for up to 2years after
surgery. However, this technique requires partial urethral resection,
which leads to postoperative shortening. Urethral shortening may
result in long-term complications including a higher risk of urinary
incontinence, reduced voiding function, instability of urethral sup-
port structures, and higher susceptibility to infections.!®

In contrast, our surgical technique involves complete excision
of the urethral epithelium from the external meatus to the internal
meatus, replacement of the entire urethra with mucosal tissue, and
preservation of all sphincter muscles. Even after consideration of the
potential contraction of the transplanted mucosa postoperatively, a
key feature of this approach is that urethral length is maintained rel-
ative to the extent of mucosal excision. EMPD is an intraepithelial
neoplasm that tends to spread horizontally within the epithelium;
however, vertical invasion is rare. Therefore, TUR, which allows epi-
thelial removal with preservation of the urethral sphincter, is an ap-
propriate treatment technique.

A potential limitation of this surgical method is the risk of re-
sidual tumor tissue. Consistent postoperative follow-up and regular
monitoring are essential for effective management of this risk.

In conclusion, TUR with oral mucosal grafting is a promising,
minimally invasive alternative to traditional excision of EMPD with

urethral involvement. This approach, which uses oral mucosa for

Resection
EMPD margins (urethral Postoperative Management of Time to symptom
Case Age,y Sex stage side) complications complications resolution Last follow-up
1 55 Female O Negative Bladder irritative Antibiotic therapy 2wk ANED, 1y
symptoms

2 59 Female 1 Negative Urethral stricture Urethral dilation 3mo ANED, 7y
(bougie)

3 53 Female O Negative Urethral stricture Urethral dilation 2mo ANED, 3y 3m
(bougie)

4 89 Female O Positive None Not applicable Not applicable AWD, 2y 9m

Note: Extramammary Paget disease (EMPD) staging was based on a report by Ohara et al.’

Abbreviations: ANED, alive with no evidence of disease; AWD, alive with disease.
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urethral reconstruction, effectively preserves urinary function, *
minimizes postoperative morbidity, and promotes healing. While
recurrence was not observed in three of the four patients during
follow-up, further studies with larger sample sizes and extended fol- 5
low-up should be performed to confirm these findings, refine patient
selection criteria, and fully assess the long-term outcomes.
6.
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Abstract

This study investigated the effectiveness of placing skin-ring structures to enhance the precision of skin dose calculations in
patients who had undergone head and neck volumetric modulated arc therapy using the Acuros XB algorithm. The skin-ring
structures in question were positioned 2 mm below the skin surface (skin A) and 1 mm above and below the skin surface (skin
B) within the treatment-planning system. These structures were then tested on both acrylic cylindrical and anthropomorphic
phantoms and compared with the Gafchromic EBT3 film (EBT3). The results revealed that the maximum dose differences
between skins A and B for the cylindrical and anthropomorphic phantoms were approximately 12% and 2%, respectively.
In patients 1 and 2, the dose differences between skins A and B were 9.2% and 8.2%, respectively. Ultimately, demonstrated
that the skin-dose calculation accuracy of skin B was within 2% and did not impact the deep organs.

Keywords Skin-surface dose - Skin-ring structure - Volumetric modulated arc therapy - Acuros XB - Head and neck

1 Introduction

Acute radiation dermatitis (ARD) is a common adverse
effect observed in patients undergoing radiation therapy
for head and neck cancer [1]. The number of ARD cases
has decreased due to advancements in irradiation technol-
ogy, specifically the shift from three-dimensional conformal
radiotherapy to volumetric modulated arc therapy (VMAT)
[2-4]. However, ARD still occurs in many patients, and
there have been reports of severe cases [1, 5]. Therefore,
accurate skin-dose calculations using treatment-planning
systems (TPSs) are crucial. Currently, there are no avail-
able radiotherapy guidelines for assessing skin doses [6]. As
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a result, skin doses are not evaluated using a dose—volume
histogram.

The skin-dose evaluation lacks a defined ring structure
due to the inaccuracies found in calculations based on the
percentage depth dose for photon beams from a single
direction [7, 8]. However, with the introduction of VMAT
irradiation technology, the skin is now exposed to radiation
from multiple directions, and it is important to investigate
the damage caused to the skin as it is affected by both the
incoming and outgoing directions. In this study, we com-
pared the dose measured from the Gafchromic EBT3 film
(EBT3) with the dose calculated using the TPS, examined
the dose gradient at the skin—air interface, and investigated
the average dose in the target volume and organs at risk.

2 Materials and methods

2.1 Contour definition of the skin structure
and verification conditions

Skin A was the default setting in Eclipse version 13.6 (Var-
ian Medical Systems, Palo Alto, CA, USA), where the
external body contour was automatically constructed after
importing computed tomography (CT) images. Skin A had
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a thickness of 2 mm and was obtained from the skin surface
as described in previous studies [9, 10] (Fig. 1a, b). Skin
dose calculations for the TPS were only performed inside
the body contour [11, 12]. In skin B, the skin surface was
located at the center of the skin ring structure. Skin B had
a 1-mm structure in front of and behind the skin surface.
The external body contour included skin B, extending 1 mm
outward from the default settings (Fig. 1c, d). The exten-
sion of the external body contour included an air layer on
the skin surface. Notably, thermoplastic masks and couches
can significantly affect the skin dose of a patient [13-15].
Therefore, these were included in the external body contour
to measure the effect of scattered radiation [11].

To create skins A and B, the TPS used the “extract wall”
function to create a skin-ring structure. A structural func-
tional margin was used to extend the external body con-
tours. The treatment data from two patients were fused to an
acrylic cylindrical phantom in Fig. 2 and anthropomorphic

skin A

external body contour

skin surface

phantom

external body contour

skin surface
“skin ring structure
o

Fig.1 a Skin A is a skin-ring structure located 2 mm below the skin
surface. The external body contour is contoured at the same location
as the skin surface with default settings. b Dose distribution in skin
A and the skin surface of the treatment-planning system. The doses

Fig.2 a Acrylic cylindrical a
phantom simulating the neck.

b TPS calculation conditions
and the measurement position
of the EBT3 film are shown.
The cylindrical phantom has a
diameter of 12 cm and length
of 15 cm. The measured doses
from the EBT3 film and the
calculated doses from the TPS
are compared at the same loca-
tion on the acrylic cylindrical
phantom. TPS, treatment-plan-
ning system; EBT3, Gafchromic
EBT3 film

phantoms in Fig. 3 (QUART, Zorneding, Germany) using
the TPS. The cylindrical phantom had a diameter of 12 cm
and length of 15 cm, representing the neck area. The pho-
ton energy used was 6 MV, the calculation algorithm was
Eclipse version 13.6 Acuros XB (AXB), and the calculation
grid size was 1.5 mm. Treatment-planning CT images with
a slice thickness of 2 mm were imported into the TPS. CT
was performed using SOMATOM Definition AS 64 Open
(Siemens Healthineers, Erlangen, Germany). The field of
view of the CT images was 500 mm, and the pixel size was
0.9765 mm.

2.2 Target volume, organs at risk, and planned
organ-risk volume

Contouring and plan optimization are briefly summarized

here, with a more detailed description available in the lit-
erature [16, 17]. The target volumes were defined as shown

skin B

external body contour

skin surface

2 mm

1 mm

___external body contour
L ringsstructure~. /
S~

are calculated at a depth of 2 mm from the skin surface. ¢ Skin B is
a 2-mm skin-ring structure with its center on the skin surface. The
external body contour is extended outward by 1 mm. d Dose distribu-
tion in skin B and the skin surface of the treatment-planning system

b 6 MV X-ray Source
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Fig.3 a Anthropomorphic
phantom covered with a ther-
moplastic mask. b Skin-ring
structure of the TPS and loca-
tion of the EBT3 film. (1) Right
parotid gland, (2) chin, (3) left
parotid gland, (4) right clavicle,
(5) sternum pattern, and (6) left
clavicle. TPS, treatment-plan-
ning system; EBT3, Gafchromic
EBT3 film

patient 1
Pose profile

GTV
CTV

Fig.4 Patient 1 is a stage II patient with a T2, NO, and MO TNM
classification for oropharyngeal cancer. Patient 2 is a stage I patient
with a T1, N1, and MO TNM classification for oropharyngeal cancer.
The target volume and dose distribution are shown. A 2-mm portion
of the PTVn in patient 2 is excluded from the skin surface. Dose pro-
files are calculated at the arrow positions. PTVn, planning target vol-
ume of potentially metastatic lymph node enlargement

in Fig. 4. The gross tumor volume (GTV) included the
gross extent of the primary disease and lymph-node metas-
tases, taking into account clinical and radiologic findings.
The clinical target volume (CTV) was defined as the GTV
plus a 5-mm margin, considering anatomic and clinical
oncologic features. The planning target volume (PTV) was
defined as the CTV plus a 5-mm margin. To prevent a skin
overdose, a 2-mm exclusion zone was created around the
PTYV, assuming no sacrifice in CTV dose.

Gross enlarged lymph nodes (GTVns) with potential
for metastasis were defined based on clinical and radio-
logic findings. The CTV of potentially metastatic lymph
nodes (CTVns) included the GTVn plus a 5 mm margin,
considering anatomic and clinical oncologic features. The
PTV of potentially metastatic lymph-node enlargement
(PTVn) was defined as the CTVn plus a 5-mm margin. The
organs at risk included the skin, brain, brainstem, lungs,
spinal cord, right parotid gland, left parotid gland, trachea,

@ Springer

brainstem, planned organ-risk volume (PRV), spinal cord
PRV, right parotid PRV, and left parotid PRV.

2.3 Gafchromic film EBT3 dosimetry

EBT3 is a reliable instrument for skin dosimetry [18, 19].
The irradiated EBT3 (Ashland Inc., Bridgewater, NJ, USA)
was read 24 h later using an EPSON ES-10000G flat-head
scanner (Seiko Epson Corporation, Suwa, Nagano, Japan).
The films were individually placed at the center of the
scanner. Film data were analyzed using Dose-Difference
Analysis version 14 (R-TEC Inc., Itabashi, Tokyo, Japan).
To ensure measurement reliability, the data were obtained
from three separate irradiations under identical conditions,
and the average value was used. The EBT3 was carefully
placed in close contact with an anthropomorphic phantom,
as depicted in Fig. 3. For the anthropomorphic phantoms,
a 1.6-mm thick thermoplastic mask (CIVCO Radiotherapy,
Orange City, IA, USA) with a 4-mm diameter hole was
employed. A 1-mm spherical plastic was positioned at each
of the four corners of the EBT3 as a landmark, correspond-
ing to the TPS skin-ring structure. The analysis of EBT3
was performed using D-D Analysis version 14. The region
of interest and the skin-ring structure for EBT3 were 2.5 cm
long and 3 cm wide. EBT3 had a three-phase structure with
a thickness of 0.278 mm.

2.4 Comparison of the measured dose of EBT3
and the calculated dose of TSP

This section compares the dosimetry of the EBT3 and TPS
calculations for cylindrical and anthropomorphic phantoms
in patients 1 and 2. The TPS contour tool was used to create
a skin-ring structure with dimensions of 2.5 cm length and
3 cm width on both the cylindrical and anthropomorphic
phantoms. The ring structures on the TPS were referred to as
skins A and B (Fig. 1). The positions of the TPS calculations
and EBT3 measurements were the same. A thermoplastic
mask was applied to the phantom. The EBT3 and TPS were
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placed at four locations on the cylindrical phantom: upper
to 0° beam angle, left to 90° beam angle, bottom to 180°
beam angle, and right to 270° beam angle (Fig. 2). In the
anthropomorphic phantom, the EBT3 and TPS structures
were placed at six arbitrary locations: right parotid gland,
chin, left parotid gland, right clavicle, left clavicle, and ster-
nal pattern (Fig. 3).

The TPS and EBT3 doses were compared using Eq. (1).

Difference (%) = {(Drps — Dggr3)/Dgpr3} X 100, -+, (1)

where Drpg represents the TPS dose and Dgpys represents
the EBT3 dose.

2.5 Dose gradient at the skin-air interface

The skin—air interface of various skin-ring structure arrange-
ments was examined. The skin—air interface dose profiles
for patients 1 and 2 were examined by selecting the location
with the largest GTV diameter and the steepest dose gradient
that strongly dose constrains the dose (Fig. 4). The clinical
irradiation conditions included a dose of 2.0 Gy per session,
a total of 35 sessions, and a total dose of 70 Gy administered
five times per week.

2.6 Comparison of the target volume mean dose,
risk-organ mean doses, and planned organ-risk
volume

The target volumes of skins A and B, as well as the doses
to normal organs, were investigated in patients 1 and 2. In
patient 1, the skin, GTV, CTV, and PTV were investigated,
while in patient 2, the investigation included the skin, GTV,
CTV, PTV, GTVn, CTVn, and PTVn. The organs at risk
included the skin, brain, brainstem, lungs, spinal cord, right

and left parotid glands, trachea, brainstem PRV, spinal cord
PRYV, right parotid PRV, and left parotid PRV. The dose to
the skin-ring structure, the average dose to the target volume,
and the average dose to the organs at risk for skins A and B
were compared using Eq. (2).

Difference (%) = {(skinA — skin B)/skinA} x 100, ---. (2)

3 Results

3.1 Comparison between the measured dose
of EBT3 and the calculated dose of TSP

Figure 5 shows the results of irradiating a cylindrical phan-
tom. The maximum and minimum dose differences between
skin A and EBT3 were 12.5% and 2.72%, respectively. The
dose difference between skin B and EBT3 was approxi-
mately 2.0%. The bottom of the cylindrical phantom showed
a small dose difference of 1% (skin A) to 2% (skin B) with
EBT3. A comparison between the EBT3 dose and TPS dose
calculations for anthropomorphic phantoms showed a maxi-
mum difference of 13.4% and a minimum of 6.27% for skin
A and within approximately +2.0% for skin B (Fig. 6). Skin
B matched the EBT3 dose, regardless of the measurement
site.

3.2 Dose gradient at the skin—air interface

The dose gradients at the skin—air interfaces for patients 1 and
2 are shown in Fig. 7a and b, respectively. Dose gradients dif-
fered between skin A and B in patient 1. For skin A, the dose
calculation began 3.0 mm outside the skin surface (Fig. 7a
(1)), and the dose increased by approximately 600 cGy for

Fig.5 Comparison between ~ 20 - - - -
EBT3-measured doses and S A patient 1 skin A Apatient 1 skin B
TPS-calculated doses for skin A 2 ¢ patient 2 skin A < patient 2 skin B
and B in a cylindrical phantom. 2 16
For skin A, the TPS-calculated 2 14
doses are higher than those E
measured by EBT3. In contrast, = 12 7Y ‘
the dose difference for skin B is R 10 A
within 2% of the EBT3 meas- n
urements. In addition, for skin [=J:
A, the dose difference between \5 6
TPS and EBT3 is smaller at 3 *
the bottom of the phantom g 4
compared to the top, right, and ° ’ $
left sides. TPS, treatment plan- o
ning system; EBT3, Gafchromic 0 A
EBT3 film g a é A >

-4 :

upper bottom right left
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Fig.6 Comparison between ~ 20 - - - -
EBT3-measured doses and TPS- S % A patient 1 skin A Apatient 1 skin B
calculated doses for skin A and /fg # patient2skin A © patient 2 skin B
B in anthropomorphic phan- < 16
toms. Skin A is overestimated & 1a L *
by up to 15%, whereas skin B = i A *
improved the dose difference to q; 12 + * ry A
within 2% 2yl
2]
E sl
g 6f A
2
2 4
g 5l
‘T a 5 & o
21 6 A
-4
right parotid chin left parotid  right clavicle sternum left clavicle
gland gland pattern

each 1 mm depth to the skin surface (Fig. 7a (2)). For skin
B, the dose calculation began approximately 6.0 mm (Fig. 7a
(3)) from the skin surface and 4.5 mm outside the external
body contour (Fig. 7a (4)). In addition, the dose profile of skin
B increased by approximately 250 cGy at a depth of 1 mm
(Fig. 7a (5)). Similarly, patient 2 displayed different dose gra-
dients for skin A and B. For skin A, the dose calculation began
1.5 mm outside the skin surface (Fig. 7b (1)), and the dose
increased by approximately 750 cGy/mm (Fig. 7b (2)). Dose
calculations for skin B began approximately 3.0 mm from the
skin surface (Fig. 7b (3)) and 2.0 mm from the body contour
(Fig. 7b (4)). The dose profile of skin B exhibited an increase
of approximately 300 cGy for each depth of 1.0 mm (Fig. 7b
(5)). Notably, the 1-mm extension of the external body contour
was calculated using the calculation starting point more than
1 mm outward due to the effect of voxel resolution [11, 20].

3.3 Comparison between target volume
and risk-organ doses

The dose differences for the skin, GTV, CTV, and PTV for
skins A and B in patient 1 were 8.8%, 0.00031%, 0.00025%,
and 0.00008%, respectively. The dose differences for the
skin, GTV, CTYV, PTV, GTVn, CTVn, and PTVn for skins
A and B in patient 2 were 7.6%, —0.00015%, —0.00014%,
0.00015%, 0.00011%, 0.00018%, and 0.00019%, respectively.
The dose differences for all organs at risk in patients 1 and 2
were <0.01% (Table 1).

@ Springer

4 Discussion

This study investigated the placement of skin-ring struc-
tures to improve the accuracy of skin-dose calculations
in patients undergoing full-arc head and neck VMAT. In
the dose comparison between EBT3 and TPS, the con-
ventional method for skin A showed a maximum dose dif-
ference of approximately 13%, which is consistent with
the results reported in previous studies [21-23]. On the
other hand, skin B significantly improved the accuracy of
the skin-dose calculation by approximately 2%. Notably,
some studies have extrapolated EBT3 doses to accurately
measure skin doses [24-26]. However, other studies on
the accuracy of TPS calculations have reported low accu-
racy due to the omission of measurement-depth issues [11,
27-29].

There is a limit to the thickness of the skin-ring struc-
tures created by the TPS. The thickness of the skin-ring
structures depends on the voxel size. In this study, the
field of view was 500 mm and the matrix was 512x512.
Since one pixel corresponds to 0.9765 mm, the minimum
thickness of the skin-ring structure is 2 mm. However,
it is not possible to further decrease the thickness of the
skin-ring structures by simply adjusting their dimensions,
as demonstrated in skin A. Therefore, alternative meth-
ods need to be considered. Notably, skin B has a structure
that extends beyond the body contour and is not originally
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present. However, the accuracy of the model-based calcu-
lation algorithm can improve the accuracy of the calcula-
tion as it approaches the entrance. In essence, the skin-
dose reduction is greater without a thermoplastic mask
[30]. Nevertheless, in VMAT, the exit dose contributes
significantly to the skin dose [15, 31]. This is another fac-
tor that improves the calculation accuracy by avoiding a
sharp decline on the exit side [32, 33].

Skin B did not affect the target volume or at-risk organs,
with a dose difference 0of<0.01% (Table 1). This result
aligns with the findings reported by Tanaka et al. [20].
This is because the build-up effect is smaller when the

distance [mm]

effective depth is >4 mm [30]. Another factor is that with
a 360-degree rotating VMAT, even better scattering condi-
tions can be achieved using a fixed device, such as a thermo-
plastic mask, “behind” the patient [31]. In addition, skin B
follows the usual depth-dose percentage curve [15, 32, 33]
and does not affect the target volume or risk-organ dose. To
explore this further, we investigated the volume structures
outlined in the TPS, such as the skin-ring structures, target
volumes, and organs at risk. As shown in Fig. 7a and b,
the dose profiles provide a survey of point doses at vari-
ous locations. Notably, the VMAT skin doses were speckled
[31], indicating that skin B doses were higher than skin A

@ Springer
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Table 1 Comparison between the mean doses of the target volumes and organs at risk, as well as the percentage changes, due to extension of the
external body contour

(a)
Patient 1
Structure DVH parameter Skin A Skin B {(Skin A-skin B)
skin A} 100 (%)
Skin D,ean 685.2 624.8 8.8
GTV Dyg, 7120.8 7122.4 0.00031
CTV Dyg, 7113.8 7115.6 0.00025
PTV Dygq, 7075.4 7076.0 0.00008
GTVn Dygq, - - -
CTVn Dygq, - - -
PTVn Dygq, - - -
Brain D,ean 91.9 922 0.00325
Brainstem D, ean 209.8 210.3 0.00238
Lung D,ean 197.7 198.0 0.00152
Spinal cord D, ean 1545.2 1546.0 0.00052
Rt. parotid gland D, ean 1728.0 1729.7 0.00098
Lt. parotid gland D, ean 1736.4 1738.5 0.00121
Trachea D, ean 1293.6 1293.3 —0.00023
Brainstem PRV D, ean 228.1 228.7 0.00262
Spinal cord PRV D ean 1557.6 1558.4 0.00051
Rt. parotid PRV D, ean 1101.8 1104.7 0.00263
Lt. parotid PRV D, ean 1096.9 1100.4 0.00318
(®)
Patient 2
Structure DVH parameter Skin A Skin B {(Skin A-skin B)
skin A} 100 (%)
Skin D,ean 869.1 803.2 7.6
GTV Dygq, 7112.4 71113 —0.00015
CTV Dygq, 6960.3 6959.3 —0.00014
PTV Dygq, 6772.2 6771.2 —0.00015
GTVn Dygq, 7079.1 7078.3 —0.00011
CTVn Dggq, 7088.2 7086.9 —0.00018
PTVn Dggq, 7009.6 7008.3 —0.00019
Brain D,ean 250.8 251.2 0.00159
Brainstem D ean 685.4 685.8 0.00058
Lung Dpoean 427.4 427.4 0.00000
Spinal cord D ean 2049.6 2049.5 —0.00005
Rt. parotid gland D ean 2604.3 2606.2 0.00073
Lt. parotid gland Dpoean 1787.6 1789.8 0.00123
Trachea D, ean 1943.5 1941.3 —0.00113
Brainstem PRV D, ean 743.7 744.1 0.00054
Spinal cord PRV Dpcan 2062.4 2062.2 0.00010
Rt. parotid PRV Dpocan 1328.5 1330.8 0.00173
Lt. parotid PRV D,ean 1234 1236.5 0.00202

doses, in contrast to the aforementioned results. Since even  arbitrary profiles. In our study, we believe that arbitrary pro-
slight differences in measurement points can alter the profile ~ files are unreliable for skin-dose evaluation and that it is
shape, caution is advised when examining skin doses using  better to evaluate skin dose by volume.

@ Springer
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Therefore, skin B allows for a more realistic evaluation
of the surface doses obtained using EBT3.

5 Conclusion

This study aimed to improve the accuracy of skin-dose cal-
culations in patients who underwent full-arc head and neck
VMAT using skin-ring structures. Skin B, calculated using
AXB, exhibited a dose difference of approximately 2% com-
pared to that of EBT3. In the phantom study, skin A (with a
conventional skin-ring structure) showed a dose difference
of 13%, whereas skin B (new skin-ring structure) showed an
improvement of approximately 10% (within 2%). In clini-
cal cases, improvements of 8.2% and 9.2% were observed
in patients 1 and 2, respectively, for skin B. Furthermore,
extending the external body contour of skin B by 1 mm did
not affect the dose delivered to the target or organ at risk.
Overall, skin B can be used as an indicator to evaluate skin
dose during the treatment-planning phase.
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