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Original Article
Breathing intolerance index in healthy infants

Hizaye Haszgawa Mobuhide Henmil Shio Tsunsis, Yoshitska Miyoshi, Yousuks Yamads Funichi Muolo and Mazancr Waza
Division of Meonatal Imtenave Care, Todye Womer s Medical Univernity Medicm! Camler Sedd, Thibgn, Japas

B b troct

Backgrouad: The breathing intolersce [sdex (ETTT) Is ussd In justFy vesifiaior use in sdull pabiesis with pulmeasy
or chessl wall disease. BITT s veniilabed patiesls s mosily =0.15. The mean INT1 of healthy sdulls In he upight siling
position pad ihe supiss position 15 U050 £ 0.00F and (L057 + 0006, espectively. The aim of this shudy was i esabilsh
& sormal AT In Infans

Meibiods Thiry heakivy Infuals weee examined In te supine position. BITE was delined a5 BIT] = (T¥Tlol) = (TV/VE),
whes T1 is Inspimicry Ume, Tiol i iolal breay cycle duariion, TV is Udal volume, and ¥C & vilal capacity. TV and
T Mol were chizized from ldal breathing al resl and ¥ wis obiainsd spimmeisically, BIT] was cukulaied using
Customiied sofwe.

Rexnigr: The mess = SI BITT of 30 healvy [2fans in the supdss positien was 0120 4 0013, The BITI of izfanls was

slgaificusily Blgher than thal of wdulis.
Comcfurions: BET] was messured in healihy infans. FPorther evalusBon b5 aeeded &0 defiermine the sipnilicuace and

e fsiness of BITL

Key words: hreabhing istclemsce ladex, Infanl, paimonary function

Bellemar and Grosslen kiessiShed o relaScaship betwees the
brreion Uime Index of the disphregm [TTI) aad diaphrogm
enfurance” They soimd el e shilily 0 ssisis (e
Iransdlaphrngmatc pesssune swings Lhal ere required Tor comtno-
ous muicnmmoss bexalhisg Is lmiled 1o <245 min when TTRE =
=OULS TT & ie product of e mean nssdiaphragmalic pres-
sure swing divided by e murimnm tressdinphragmalic pressurs
(FdUPdiMaxy and Be inspimiony Ume divided by doml brealh
Lime: (TTiol Koga e al. sshallinied the Sdal wilome divided By
L wilal empascily W TC Tor PdLPoiMas |a the Bellemoee sed
Giresieo relafionsklp” Koga ofal named @l new Index the
breathing Inldleance Index (BT Koga of o showed thal the
BIT in vessilkaled pallesis |s mosdy =005, The alm ol this siody
wias 1o establish 2 soomal BT In heakhy isfanls

Thiny healthy isfanis wers sxamined o he supine posiSon.
There were 16 boys asd 14 girks. The mesn gesinSonal age was
304 £ 1.7 weeks (rage, 375405 weeksi The meas birh
hodveeaighl was 3133 + 34 {mnrge, 2330404 gh The mean ags
o ihe Bme of messurement was B4 2 7.0 days {mnge, 0-I5
days). BT was defined w BITT= {TUThod) x (TVAC). BIT was
caloalated uslsg 3 spomelsr lo analye Now sed volume Hgnals
L oosder (o measwe T, Tisd, TV, and V. TV and T Tl were

Coemsposdence: Hismys Hismawy, MI) PhD, Divisioa of Menaslsl
Blemsive Ce, Toiyo Women's Medicel Uaiversity Mitical Center
Exd, 2-1-10 Nishioge, Arkewa-ix, Tokyo 116-8567, Jepas Fmall:
hisawL et L i
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oidmlned (oo Bdal breathing @ rest and VIO was shéalned wislle
crylag when Lhe sole of the bol was siimolsied spiromeirically
sy 0 pulmosmy fosdion measurisg sysem (ARFERL
Alvision, Tokyo, lopan) asd [aoe mesk (Fig. 1). BITT was calos-
laled using cuskemired sollwane and was displaysd on lGe PC
maallon Fach subject hed o sesions: one Tor baseline valkies
and e olber Tor VO, The mosl consisieal six oomssculbe TV
wuveforms gl rest wene aversged For T, Thol, asd T VO was
dafined a5 e mEmimum volome chesmed (Mg, 7). MNos-paled
Shudenl's | sl wis osesd 1o compare the dals. .o 000 was med
I denote slaflsiical dpnilicusce.

This suxly wes approved by he Tobpo ‘Womea™s Medical
Unbversity Research and Plhics Commilises. Wrillea Informed
oonsenl was obained from the parssls

Results
Al examinalions were performed withoul complicalions. The
mzz BITE of 3 healihy Infaels in e spine posibon was 0U120
+ (0L, There wis oo signdicusl relaSosship {F = —L0ET)
beiween oge and BT T4 31

The mean BOT of 21 healiny adulis In e opright silling
posiSion asd in the sspine position was 0050 £ DUNE and 0L0ST
+ QL0146, mspacthvely® The BIT] of infssis was sianlficandy
hitgher thas lhat of sdulls (Tablke Ui The mess TV oL b bealihy
Infasls was slpnificusily higher than thal of helihy sdols b e
suplae posiiion (0450 + 0048 vs 0416 £ OL0SS, respacovely).
The mezn TV bn healilry Infangs was al= signifcanlly bigher
than thai of heplthy odules in e supine positkon (0LIT] & QL0439
vs L1338 & QS respeciivelyh The differesce n TV had o
Erealer Influenoe on Che diffzrence In BUTT companed o TUTioL



Discusslon

For e evadsalion of respiration, o wide raage of indsass is used,
such 28 respirainry mie, rupid shalkvw breafing isdey, marimom
lespirgiory pressure, sad partlal presswre of corbon dioxide In
wieziad blood, uf they have Boen reporisd o be manellable Fa
FvalnBon In e souls care setlng " Alsn, use of ViC alone
o defenmiae e peed for veslSaior pse hos hees reponed as
Ismccurale. "

The Increase ba the work of breahleg leods Lo musche Mlipes.
Betapse [he diaphrigm malnly cooitracls durisp inspiratics, £
o heoome exhousled mone npddly o any glven Geedos I
TTol is gheormally increased. The diaphragm can oiso hecome
exhausad moes rapkdly al any gieen TLTUH I Se PIUTdIMax is
ealer fan sonmal. Bellemane and Grassing ideaiified a nels-
lionship hetwesn e lE=sdon Bme e of Be disphres (TTidE

and! dlmphragm endurance (Thm}: Tlm - 0.1 {TThy . B fe

Fig.2 (3-c) Volume, fiows, and i)
heesthing, inkokesance index (HITT). The
six comsaculve braath by il S
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Fig. 3 Tireaibing iniolemance tndex (BT vs age i healihy infanis
in the SIpine possion

TTHI mkes lsin soccuni e ethmesiion of ooly the daphrsgm, =@
1B INIT] may be more wselul because |1 expresses (he esdunmce
of gl of the respiméary muscles. The BT of infeis was sigsldl-
canlly higher thes thal of sdukis Because s BT is o physi-
gk consianl, thers seems i be o diginciion beteeen infanks
mad mdulls. badfarls are consldersd o have lass reserved power [n
respiration compared io adulis.

Tubike | BTN In e supsiee posili
Aduts (1= 21 afents (= 30 F
BTl U057 =000E DI =0003  <00ml
TUTnl D416+ 0085 (L4302 048 00s
TV I3 £0035  0IT1:0049 <0001
TV (el fg) BA230 PO 0.0
VINg {mifgl  E10+1LT 23437 <0001

EIT, bezalhéng Isinlernnce dex; T, Sspimiory dmes Tiol folal
hresih cycle dersiion; TV, Sdal vwolume, W, vilsl capacity.

Hreathing intolerance index in infomes 224

Bach slal Inpoihesined Do o pew [adex, e ventlslor

requuiremesl Isdex (WD, which milecs ongolsg Inspimiony
mrescle aciBom rafber than =8k over oely ose breall opde, might

helley corredale with sympiomatc inspintory musch: d ysfunc-
tion" Bach af @ defined ¥RI s (TUTiol T mediiplied by
respiralory mle, of S0 TN TP = TVWC (o squivalenal squa-
Uon). In e fafure, § moy be seceassny In oo mdbder the wse ol VR
In Infusix.

Wi measisd BIT In healisy Infants. Puriher svaholion
5 nesded] o delrmise e s@siicince and usefplses of
BITL
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Decreased granulomatous reaction by polyurethane-coated stent in
the trachea
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Abstract Bockpressd: Reducing  prusulomaime reacBos ko senl implinisSos B Impovisnl for fhe  restmend ol
Encheobroaciomalacis because foemalion of ganukom lesds o relmciory complicalion causing furiher resgrHraiory
disiress. The purpose of s shatly wis o clarily grasulomaious reacilon of newly ianovaisd coaied senls comparesd Lo
mon-coaietl medal sesis.

Methoads: Malerioks wsd snimal experimens were perfemed ussg e sewly wenisd meladBic sienl (Laspe-cul
salniess seel with & oalisg of polyweihane). In he meierdys experimesl, ihe correlatios beiwees ihe Bolding foeoe aed
deformily was lesied by 8 compresscr. 1o ihe sslmal examinaiion, cooled siznls were omlly implanisd inio e faches
s five rubbils, while poe-coalesd siznls were Implanied in ssolher five mabhies. Aler 3 weeks” chservailon, [he Inser
digmeier ws measueed by 3-1 compuisd inmography, and Be ember of gresulafSos Ussues was couned By
Broacholherscope. Histodogical invesligallon fodlowed in body groups.

Rerwlix: [n the maierials experimenl, sew senis demonsdraied o hokdisg fome simiflar io sioinless sies] sienls. Onihe
animal experimesl, no difsrence was Tousd In Se lener dlamelsr of Be coaled and aon-coaled sienl grosps (5.70 £ 007
¥ 560 4 03T, P = 0,07} However, the mumber of grasulaSon Sssees wie higher s son-coizd siengs han s oomled
sons (1602 055 vx 0412 055, P 0001} Histological Investipation showeed direci allschment of metal ko e brcheal
wadl arcammed e nos-onated sieals whese oplthelal ssuciure was destnvped, whilz imcheol eplihelin wene pressrvet s the
groap of ooaled senls.

Conclurieer: The new polyunhane-coaled meinllic siesi matsiains epouph Bolding Farce, and educes Bisinbiological

rzaciion ko lforzign bodles In this experimenl

Key words  airway, collspes, granulalion Lssie, stenl implaniosos, iacheobrosciomalacts.

Sewre inchesbmochomalaciz (TEM) couses sovese aiway
obsiruciion due 1o the srucieral weakness of achea or broschl
in children causing refraciory respimiony Callure.! In paiients wilh
TEM, e aireay Is funcilonally collapssd by posSSve leirs-
thosackc pressure, p=sulling s respimicey deferioraiion. Pariher
espiralory elforts Erequesily cause oirway collapse and o weak-
ening of wall sinecinres In Be alreay. A sgnidcanl sumber of
sodien deats snmetimes ooowr afier viclest orying of coughing,
aliriterighie b sirvay oollopee ™

S5tent implanislicn (50} In the treches §s o omaleovesrsial breal-
menl in dally clisics, glihough meiallkc senis are relatvely easy
o Impi=el. FormaSoa of gmnukama s e mosl common com-
plicuica with 51, cmesing other progressie Sienoses @ o resoll of
hisiciogical reaciion beieren Gmcheal cpllhela and e

Implanisd siznl® Meisl o epilhely resuls In Bisiologicad
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leflammaiion, which In e coses @ grnulsmoions eacios
with organbersd oollzoBoss of macrophages in the inkersiilel n-
chizal Ussue, This excossive repciion o conlect with meis causzs
ibe paradoxical resullol eapiniory deerioraiion, ghves Ge Mo
LBad 50 15 lesevisd iso @ imches o redoce gireey obstrocsos.
T, bracheal 51 1s nol g Bvombde chalce for inestment of TEM
e

: Thesekwe, we devised 3 metallic racheal siznl coaled with &
less briaiing malerial o redoce S granoiomaions reacdos of
lrachieal eplihela We Bypothesieesd (bl an Implanizd meialic
siend, emveloped b polywreihase, woukd provok: 55 hisiobog-
cal resciion b Fechesl epithells and resull be les ganuloma. [
Lhls shudy, we ieded the malzrial peoperiies of the sew Uocheal
senl, and then we confimed & long-lerm peogrephical oed
hisisingicnl findiags ofler 51 In animals.

We performed malerials osd animal experiments using newdy
dewdnped coaled =enis. The mals ramework of ihe sent s
made Brom sindsless sieel o by Lomm. The coaling malersl s

polyweitnss 100 um i Sickses



2 H Maiom ef af.

Matorial expenmonts USA, Pallcs-sxpandabic siesd made fom sainles sieel:

To ievesligale G sients’ holdisg fome, @ balloon was wsed 4o OW0M 0 diameier and Mmm o M0mm b lengh) o oad
compess 10omm- and 20-mm-dong coaled sienls o 6 mm B oM send |,I!|.'..1-!.I:l, Muormy HEL M1, A =il
diameter. The holding Berce (Newios Uisll) was messured wilh expasdable. made from MiGeol: & mm i dismeer sed 20 mm
deformaty from 05 1o 505, in 105 sieps using @ compressnr L8 lesgim

(AUTOGRAPL, AG-S00D, Shimaru, Kyown, Japany (FIE . gpimed conarimants

Defomily was dedined by e followisg Foemuola
: i Ten wilkd sdull fapanesz mbbiis were med in s shdy

Deformily (%)= (Sizal exiernal dameier withoul compression (hodywelphl: T3 30kph AN mbbEx wee sadaied orally
- Sieaf pxfernad dimmeler) = HHES1enl exlsmal lslnbairsd with & silkone @he (3.5 mm e dameler, Pories bahe,
diameier without comprosios. SmiEh Medical, Sainl Poul, MM, UF5A) usisg o strmight larysgo-

sope. Sienis (10 mm in lzngih) were mousied ceatmlly on 8
The deformilyholling feoe comelsfion of the ooaled sepis non-compliest balloon (35 mm ks dlameler and Himm ks
wius comparzd with fwo ofer oommercially avallabde senis, lengihj for ImplaninScs. AR robbds heealhed sposizneossly
& Falsay siest (Johnsoa and Johreon, MNew Brosswick, B, durisg procedures,

Do-D
Deformity (%) = X 100

Da

Do: External diameter without compression

Stent external diametre [D)

— -
- # 2 = I i

Fig. 1 Few melallic sent ond examinlca of boldiog fome By compeessorn. (9) Piole of metallic sienl (b)) Compresass wod Semals
drioemiy. Defoemity was defined i shorming o= 8 fraction of s1iemal Ssmeier of ihe seal. Holding foroe wes measorsd @1 Newion aniis
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W implanizd coaled siesis in fve of e e rbbiss (proup A
and non-coated sents L e o v [groap B Presae: doring
talloos dilaiaton B 51 was 10 aimospheres. 51 was perionmed
Immediaiedy afler laiubailon inio De middie of the Fxches of
ench rabbil. The aireay twbe was quickly removed alier 51, and
ihe rabbils were obseresd B 3 wesks,

Adler the observallon penod, all bl were bumanaly pul
down, wikh § lefhal penicbartilal Injection. The echea and main
monchl were Bes emoved and fixed by Gemalln. S pecimens
wire Sien assessedl. FIrs, we examined mudd-deiecion row oom-
eited inmography (CT) with the Suicksess ol 1 mm o assess 3.0
struciure of [he Sume. Yodeme-rendiensd CT bmapes wees used 1o
aregie 9 3-13 reconsirucied keage. Deformabion wee sk checked
Tor vismally The diamefer of e Inses-frame cavily al bolh Be
ends and the middle of e sesis wene meesed and oompaned
tetwzen groups A usd 15, Secoad, o Broschobersoope was mmed
0 ImvesSgaie B Inkemal caovity of he Implanied siznls. Protu-
shoas of granulalion Ssse In Se racheal cavily wemne ohserved
and oounied, belore comparing Be cound beiwesn groups A and
B. Then, specimers were smbedded inio spovy resin, foliowsd
by sectioning for Bisiclogicsd ImesSgalion wilh hematoxylin-
ensin sl

Analysis was perfommed eslng srss (ors, Chicago, 01, UEA).
Hon-paieed [-es wes wsed for compserison of each valoe befween
ooy A and group B, and sisSstics] sgnifcance was taken in
s ol Povolue e Gan 005,

Resuliis

Maiorial e

Defmily la all sesls scresssd wilh bolding force. Figune I
IHusiraizs ihe oomeigiion betwesss deformiiy and holding foeoe

LD

Lo | } 20 hew et
=
]
E T
E LE }'.Crru'r\-r\.mmr
¥
i | = 0 = 33 mm n ik

4.0 |

&b L i - " s i

i} 1 i =] 40 =1 (1]

Do Ewlp

Fig. 2 Comelalion helesen bolding force s deformity. Dala of
herkding fooce i lebeled o the lefl-shodlder @ ech dol. The aewly
ipvemied sieml demonsiaied simder mechasdol properiss o
sy msallic senis, wikle e slicon: siEmis shoeed
sigmaficandly weaker holding foce o ofier dieols. @, Mew sienc
i, PLasax Sent; [, Loamex siznl

Coaled seal for tacheobroncbomalacia 3

Imi all siesis. In 20-mem senis, e new sienl osd he MLaMar
sient showed o similar comelsfion, reschisg 30% deformity al
sppromaiely B Newions, However, @i Lusirax Hent wes
miwe significandly deformed of lhe mame pressee, showisg
less than cnoz-lhind S holdisg force of the ofber feo sieais.
In 10-mm sesls, S masar siesl showed 2 slghily
higher holdieg Torce fhan the mew =enl. Both =enls demon-
sirmird sboul 30% deformily force of 4 Mewions

Anmal axaminafions

Them wee 80 premmiune rebbil deafis duriag ihe oheervaSon
perind. Muld-delector row OT demorestneied e 3-0 sincere
of ihe mel fume of he implaniesd sesis (Flg. 3ok Nose of
the stznis had meisl fracuees por defmaSos of e mals
siruciure  resuking In the presemvallon of e inismal spece
within Se meial siruchee. There was no signliicani SifTerence
l= he diameler of & lnner-Game caviky of he edges or i lhe
mididl: of the sens nefther group (570 2 0.7 mm b ihe
greup A and 380 2 027 mm in @e group B P o= QT
(FIg. 3.

The visual sppesruace of the Inser cavity of the iraches by
hroschofiberscop: showed o sgnificzal Sildence belwess
groseps A mnad B In the iraches of all (e group-A (polyoeihose.
coaled senl) mibblx, the implosied slesl displayed o smoolh
surface covensd wilh (hin epiibefium-llke mesmbranes, wid mild
bulgisg al the adpe of the sienis (g, 4a) s conires, bocheal

Imazgess for ol gevepc B rubhils: {son-coated sisnly displayed thick
membranes Dol bad formerd with many blges, especially al

i)
rm
L L] Linleg? ST EE]
== I
[ &1 | |
Pl 47
4.1
a B IvedE

Fig. 3 Oeomeirical svalulion of implmied siznis By mulil-
delecion row compuled omogepby. (ak 3-0 recmsinucied imege ol
implaied sieals, Mo defomation was Tound e ins cvilies wee
widedy preseresd in all sienix () Compesison of imer diumeter off
coaled end om-coabed skenls (proaps A and H, repedivelyl Mo
significeni dilferznce in Sameier vas e o elber o

£ 2014 Japan Pedlalric Society
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Coated stent [group .ﬂ:l

Babbst No3

e edpes of e siznls (Fig 4bh The sumber of granuioms
feninsions wis sigesicuelly Blgher in group B lhas s groop A
{40 4 0SS |a gooep A and 160 4 055 In groop Be Pac 00015
{Fig. 4.

Simined secooms demonsmisd (he hisiokgicsl diffesnces
hefwnen groups A and B (e 51 B goup A, e rocheal 2pl-
hezlln weee Gess damegesd, snd G2 podyurelhane smciure wis

pr=erved In group B, desimciios of frecheal wall wos reoog -
nired aroand e =i of ded ol o epliheliz oonlac, with

epiihailal sinchres dostmyed.

£ 2004 Japen Pelisiric Society

Non-Coated stant [group B) Flg. 5

Flg-4 Heoachofbersmopic imeges of
oraind wnd non-ooaied sienis. (b B

of Enplanted, onalad sls. Mo obvioms
granulalicn lismes weee found, meal-
Be freme seems oovers] @ wacheal
membeene. (8% lmage of Smplanbed
oon-coaied sieplx. Peomesion  (whide
amow) EWl sgnibcant Bulping (hlack
amow) of greauklion lsee recognied
ic) Mumber of groaulsion leskas i
each group. Mon-ooaied sepls (groap B
heve moer grmulalion lesions ([haa
iooai] slenls (Eroep Al

lmages of hisclogical sacibee
of implaiel deak. (3) Costed sept
pressviag incheal Smone  (wiils
amees b oon-ooaied siend denege
imcheal ephsis and ccbllage (hisck
Ao

Rabbit Mol

Di=cussion

W lrvenied  new meinllic deel for poesible oreaimenl of TR,
Polyurellan: posseases high ducififly and mallzabilily, and =
ldeal for coating melgl becmee the pol ymer sinsciues oo sol
rupdure. Prlywreihan:-covensd breasl Implanis have been widely
usesd for @ long Ume, with oo higher risk thas other materils. ™
Laong-ierm, pedyuncthane vesmular grfls demonsinle simils
bioactivEy io polyieirallusmedyless grafls.” Polyoeeiiose dress-
Izgs were mone efliclent than silicoes sheets o hypertrophic



soms.” Thie, polyurethane demionsrates low Bioacthiy, mgpes -
Ing thai & polyeeibase-cooied melllic =enl 5 5 essonobie
chalte in reduce hiohisiological reacilon B2 the imaches of
children

In Be moierials ennmisaion, the new senl demossiraiesd o
similar value for haldisg Torce i the reasss siesl, whichiis o
ommmes balloon-cxpandabile sialaless sieel siznl. The maMar &
& vastular =enl desigeed o malmisis vesculer covily ducing
vesse] sienosis, and hes been applied o bmches 55 sgaind ira-
cheal siznosls or THM." There Is only cae mepor of physkal
malBnoicr, o ocase of bume defrmabon. Furber senoss
caouned by prusuloma cocwred 25 8 resull of mechanical siness,
and hisinlogical mactioas between epitheila and the metal. ™"
These findisps sugged 1ol our sew =eal, le e roasar sient,
has enough holding peessure o prevent e collapss of & aryay
for irezimesl of TEM or imcheal sicsosi

In ihz animal exsmingiion, the 3-0 soowere of e meisd
frame was preseresd In ol slesls, which recoesirucied Images off
he meinllic Frame poved. In penzral, e thoneic preswe B
krerer thas the racheal pressure In e Insphaiory phass and

highes In ihe expiraiory phase. A costisuous kow pressure diTer-
e befwesa Lhe Inbra- oed extr-obrway cavikes in Se Lo

may resull inoa Euchee b the Gume of dhe imchesd 51 due o
mels fallgue.” ANSouph our resulis show sesher freciure sor
delormaiion of the medallic rame, e was o weak esd of
dillerence befween ooaied and noa-coaled skenls =ugpesling
nzknown rsk of meisl BEpee wil Be new senl inimchesl 51
Purihes ireesigasion of dursblEy of Impimied meials 5 sexded.

Mlalerials ater hos sisisless siee] are avallable ko resbsend
of TRM. Sillooss sents do nol stimuedsie raches] spiiheia moch
hecmme of Iow binadily oml low Soesign body meaction™
Horeeeves, slllooas sieals have sigaificanily koweer Bolding foooe
an melallic sienis, ned possess a0 mesh srucisre, reducing
epithellal fmcilon in Lhe wirway.™ In contred, cur polyurethane-
onaied stainles-serd sienl lachdes bolth sdvimisges of low
hicactivily Lo the surfsce of the pitheliam and snough bolding
Torce o madsiain B caviy of the aireay. Mo bodepodabie siend
Is avallablz yel, Bul rescrbable Bopolymers show superion Bo-
compatibilily o meisiic sents.™ " This, mone ideal maleriois
for irachesl siznling ae= expecizd

There are several [miisSoes in this sidy. Mo animal model of
TEM I3 silll svaliahds wislle ihe rabbil & 2 good sie b bresd Tor
3 Brw weeks, The observallon period may sol havwe bees long
encrgh lor kg -term evaloniion of melal easdurance osd chroalc
reaciion o foreign bodies betwees sienls and TRches In be
animal exminglion. Alss, long-erm degnelation of coaling
maleizls nesls o be InvesSpaied. & fowes poss blily oold be
drug-ehiisg =enis, or Bodegradabie sixnls, which may ksduce
lzsx Bdoaciivity In Be raches. Perther esessmest ol new nso-
vathons may he regquiesd for appivieg treaimesd oo THM In daily
clinlcs

In coschesioa, we imenisd o sew podvureibane-ooaiesd meal-
lkc siznl io reduce the hiscbiological reaction In Be mchea o
lorelgn bodizs for reaimeni agalesi TRM. The send remains
enasgh holding force In B meallic freme, and displays kewer
hicactiviiy ko Bare metallic sienis. Thes: meris will redoce com-

Coaled stenl for tacheobroncbomalaciz 5

plicaiions cumsed by S1 for neabmesd of gireay sescees or ool-
lapee medd ooaled stenls will represenl o possible sl cioloe ko
tr=simenl of TEM In chlldren.
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A Case of Congenital Central Hypoventilation Syndrome with
a Novel Mutation of the PHOX2B Gene Presenting as Central

Sleep Apnea
fuls Amirsole, ML D.'; Kesjl Diada, FhoD. " HirosH Makano, FhD.* Ayaion Sesail, P ", Kyessl Heyesaks, Pe0 Y Himshl Odsjises, PRD.
ADiepurianers of Faskutrics, Fiabmeln Noatiomal Feapitol, Fiabucls, JSapa; *ap [iacreh
Fuabmedia, Sapan: 'Dirperimend of Fedicirics, Tenapaia Univeranir Schoal of Mrdicine, Famogeiz, Sapan

v Cemier, Fuskmeoke B !

Congeniial ool Eypoverdilsiion myndeome [CCHE) = &
rare cisesme characierzed by sbrommsl sufonomic contrdl of
eeatting resuling in We pepod an infant g
with CCHE who peesenied with cenal sieep spnes, whichwes
first dzmonsbaled by polyscrmnogrephy when e infant wes
5 month= oid. She wes helerrpgous for the noe BdeiG
mutabion of PHOUCE, which i= dassfied s 8 nor-polysisnine

repest mulsbon (NPARRE). This mutsbon = corsidered o ke

[
=
rE
=
=
L
rE
L
L
L
LS

mmocaed i @ misbuly ik pranchipe.

CimSon: Amimole Y, Ckada K Mskmno H; Zasac &;
Hey==aks K, Odsjma H & came of congenisl centel
prn:fﬂd:mqr&uﬂ:lﬁurmdmlﬂ:rdh:

PHOWZE gene preserting as cendml slezp apren. J Cin
Sheer Med 201410327529,

mmganital cenira]l Inpowenblstion syndrome (CCHS)

which was £mt described by Malliz: ot al. = 1970, &
a rame conganitl dissss clonckerired by hypesotlation '
Amisl ot 2l Seaki el 2l, and Weess-Iaymr ot al tdaotified
H:npm-d—]ihhmmbn: B (PN pone mmiation o
CCHS patients. ™ wwmnﬂmm
idenfified mutaticns i sxom 3 of e PAONIE gene @ all
pationts with the CCHS phenotype”’ Cwmrently, identification
ud'a.PHd?.LHm::mqmdmcmrﬁnn'ﬂndnmuf
CCHS. CCHE patients chemcmristically demomstrae: alveolar
bypoveztilation with dmimmiive tida] volemes 2nd menctonous.
respiraiory mms during sleop, and in wvem cases, alse doing
waiafalngss ! Afeched mdnidmek ke diffme aubomozmc
naroous syitem dymregulation (ANSD), with anatomical mami-
fssatoms wach as the mdk of mmor developmaent. Moooorille
ot 2l identificd two PHONZE pxatations (600dalC, a frameshift
mmitation and G197, 2 missense pmiation) as 2 e came of
nen-syndmesic nauroblasioms, which indicaes that the undar-
byimg PHYI2E putatiozal meckanism infeances e misk of
tumzor znd suggests that the powticn of mdsense oroiations may
mnfmancs the resnlting phanotypa.®

We repoct an infant with OCHS who prewented with caniral

slaep apmaa, which was £t demnomatated by po
(P5E) when s infant was 5 momths old. Sheweas hewrozygous
fior e novel 3¥0dalG outation of PIECES,

REPORT OF CASE

The patient was 3 S-momth-vld gl delivemd by Casaozn
section parformed for obstnacied labor a1 40 wosks of gestation
The Apgar scores wens B at | oxin and 9 2t 5 min. She wms bom
to healthy parets without comangninity: a 33-yar-old fathaer

and a 2-year-old mother Mo relatives of wither pamunt suffed
from skeop disordars. Thres of the infant's grandpamants bad
mndargome nrpery mndar anestheaiy writhour amy problems of
TeEpirziory managumend. MNedbar the parent: mor the stblings
showed amy wigms of Hinchspring discass, tumors of neoral
creat ofigin, of cier syoopioms suggestiee of ANSD.

The patent was admifted to MICU becamse of frequess
apisodes of respiatory amest for a fow seconds &t the onset of
tlesp om the dayy ofbarth. Them wom o rales or beart pmrmurs.
T mmscle tome was good. Venous hlood gee anathyis revealed
a PvC0), of 3.7 pees Fg in resoon air Thar wars no abmcmmsli-
tiss om X-my sxamnation of the chestabdomeon, examination
of the cerctrospnal fnid or nlteecend craps=ation of the
brain and heart. The patisnt was discharged from e NICTT
ome month after bizth under home oxymn theragy, wpple-
Sp0, mnn.m:m;m]:u'nmﬂndl:-i::-:hmp Sho was bromghs
to the hospital in which she was born 2t § months of age with
a history of frequent epiecdes of 2pmoa and nyposeoyia (lowsat
Spl, = %) otarved during sleep, and was hospitalived at the
Fuknokas Katicmal Hospital for fnestzation of the ebology of
bar condition.

Inital vital wipns at adehcion mvealed an Spl, of MR
{room air), pulse e of 134 heat'min, mapimatery e of 34/
min, and bedy ozparatirs of 36.0°C. Ployuical exammation aas
m'm:kd:]n:ﬁnml:amhmmpnd.ﬁ:tnrhlhlc-:-ip:

was nomal (S0 $6.2%, PaQ, B3.2 pen He, PaC0,
440 mm Hg, HCO; 154 mmall, m:lp‘H'H'.'?]w]:n.hmnkn
in room AT Thruwlmhhuduﬂrm:nﬂ.b]mddumntry
om chest sy, elmasound cxamivation of heart, abdomen or
hmmmlqmmdqmnmhﬂ.@m
brain MRT, or cxamimation of vemillylmondelic acid (VLAY

Sournad! @ Clmical Slhane Meliotar, Hel 18 No. 5 2004
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Figure 1—Representatie races of s resgiraiony pattem duing slesp.
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EpC, WA meaned WEh B 28 probe. Thensfons, fere (5 5 bag ST betwesn Changs: 11 FF signaland chasps I= p0, = 105}, (&) KRS siesp, Freqent
oenirsl Bpees Episodes mee seen, Werkesd ncreeee i Sde vwolume esodaied with parioond desabarmbon wes obeerssd (2], (B NREM Siow wenes sheep
Fleguise lbremthing pedtem = sean The Spd, i sighty reduced () R0 sesn, [=equiss eaching ard sporsdic Canivs Bpnes spinodes rs sess,

hopwreranillic acid (FIVA) excrtion in the erine. Thew remls
suggested e atesnce of any primary pulescsary, cardiac, or
nerarorrescular disease, or brainsiem disordier.

Diagnostic PSG was withoet supplumesml
oxygea adoimisireton. The P55 revsaled almost nommal sleep
achitectam exoept for milxtvely Fegqoent makening: doing
epdsodes, with 2z apzex-hypopom index (AHT) of 1618 The
moan zpoe: duratcn of the central apoea epdsodes was J 5
(Tange 324 &) The zpooa events camed mecurment Spl) drops
dhm;:;mitﬂmﬂm.ﬁ]mtﬂ]:ﬁlm
ws 45 The frequency of cenra] xpoea episodes was greater
during WEFM sleep thom during FEFM sleap {178k vi. 86
amd decaturation wers the seversst af leesp cmet (Frmmre LAY
becopsng mildar ax Gooe want by Thn'nma]m-mhl.i]ﬂﬂ&
slow wave: sleap pariods with 2 mugelar respizatory riythom and
a slightty mduced cxymn sammaton leval (5p0, 01% o 93%;)
(Figure 15}, suspestng the saistencs of ooy pild ypovent-
Lation. The mean Spd)_ ﬂ:l:l:r.i:l:l.nP'EGm?iE"i-.

CGanetic smdy mpﬂ.rﬁ:-m-ﬂ. g peripheral blood calls.
Cm l:|:|:l]:|:E.|:-l:||:|:|:|.a.|:I:|. SeJoencing of the PIRONEE Eeze, baters-
rypodty for 2 powel 3908l mmiafion of FHOY2T wes
detecied; om thiz basis, the nfmt s dbgnosed as having
CCHS, Akbhongh we recomewmded a3 gunetc smmdy of the

Joirriad o ! Sledp Medvine, Bl G Mo, 3 2004

patiant’™s famdby, only the pationt’s mother gerre comsent for such
a stady, which yigldod a normal romlt

Wo immoduced nonimeshee posdthe pessoms venbltiom
(WP for the treatment of centmal sleep apoea. The imitial
weitings for the MIPPV wwewe: mapiratery positive aimeey pres-
s (IPAEY B om H O, apiory pesifive adramy prewsms
(EPAF) 4 om H O, respiratory rate (KR 20 breaths 'mein. inspi-
mtico dma 0.6 secoads. PEG mnda NIEPY revealed a maked
deums i the frequancy of the cantral apnea episcdes; the
AHI was 10,5 2 the meam Spl during the FEE was 58.0%.
The mean zpoea dumation was T & (Tanes 4-12 o). The lowest
5p0. recorded was B3 Howwver, three-fourdn of the apne-
Envpopesa apdsodes wers clasdifiod as obwiractive o mixed bps,
indicating inadequats NIPPY witing:. Therefors, the prewvare
weiing was mereassd.

DISCLEESI0N

e roport a casae of CCEES presenting s sovure cantral dleap
apnea with a novel meterion of the FEOTZE geme. Provions
windies s reported wamiom types of FHOYET gone moetations
in patients with CCHS. The present case had a novel omiadion,
mamaly, 3 580dels prebiton. of the PHLIE gena.

It s reporied that cenirall skeep apne i 2 miatvely commem
phancoenon in normal imfaes.” Howrerer, e Segoancy of



cantal apnsa gveats W this cans was axtremely high, mepsete
of an el etiology, which was the o for cer comid-
gmnh-rt-;l:mg:ﬁrEC:EB
F'J‘-J't'.r.i‘:'.ﬂi:.ﬂu' mme for CCES. Appros-
mataly S0% uf.l.nd:'.'u:lm.l.".mﬂlﬂu CCHS phamotype ar
beterorygom: for a polyalaning repest eansion mmfation
(PARM), axd the memining approxismimly 10% of mdiad-

ual; with TCHS are heterceygows. for 2 non-PARM (MPARM)
(incleding missense. momense, and frameshift emifatonm) o

tho PRHIONCR gene.” In thiz casa, 39040, a fomashist nmi-
tom (WPARM, was found = eom 3 of the PHONIS gene
In comirast to the PARAM:, the mojority of MPARM: corer de
mmﬂmamﬂdmﬁlmmwmxhﬂq
Hirschsprung disease with axtenstre got imvolwment. need

for comtimuous ventlaiory suppart, and ncrased temor osk.
Bdost WPARAL am considersd to act in a domiomi-nega-
tve and griz-of-fimcton mopner and to be awociied with
savars phenotypes. Howsver, o [ressat, our patisnt doss oot
bae amy wrveam complications, the need for wemtla
tory support timng deep. A fw wmilarhy lecaied famesheft
emtatiozes (61BdelC, 3774alln) wore damcnd in familizs with
m=zldar phamotypes showing variable peostrance.” Tha F00del

Emfafion i expecied to prodoce pGI9TAR*111, which mxy
e a milder pathogemic effect thon other NPARM: W

ooald not confirms the panstrancs becamse the fxther refiised o
provide a specimsen.

CCHS patieots ewmlly pm-mt'n'ﬁﬂ:.]::.'pm-m:l:l'.l.lt-mm:l
bypozcenia. Thoy lak both e vezgilatory
respmss amd hypomc weobbtory msponse™™ In this caws
whils the cozmal was severs, the hyporetila
toa seemed mlzfvely mild, even during sleep Although we
did not parform twats for vendilatory respomses, we think St
tho pationt kad a melativehy presermed ventilatory recpomes o
deszreration deing sleep. Morsovar, the patient responded o
sevars desatemation with poadked incroase In & tidal voleme,
which alio megeded presarved ventlatory respomess. Thess
chsgrrations. and fw prevemshly normol ventilstory controd o
the awaks s, sugEested by the nommal PaCD | indicate dat
the degrea of bypowntilaticn in this patent was considerabiy
e=ild in the spectren of CCHE. This notion was alio supported
bry the sbeence of erert respimtery ammest in the first 5§ months of
[ in the stience of any vessilytory suppert. We spoculxte Sar
tha incompletsly preserved ventlvory esponss was the mason
wiiy thiz patient presemied with ceniral sleep aprsa mthar than
sevars Inpowentilaton

Athmgh positive presmrs ventilaton via macheownmy
mmm&dh‘m;hﬁﬂmuﬂjmn{lﬂimm
gowd ad dewelopment requiring mormoxia ooours’ we

Ceee R=pon
weiected NIFPY for te teatment of cantral apmea bocamss of
the fameiby's siromg desime o avnid mcheostonmy and the above-
mantioned rulatively precarved vantlatery mspomses. Howavear,
thare am a few risks aseociamd with thiz Hne of
that shonld be heme in mind during the follewr-op paricd: te
niik of developmend of mid-face bypoplasis and the I
of preventicn of caxmal apeea * Tharefoms, camdnl follow-p of
the respiratcsy sabs aod alse monitoring for possible coxapli-
cations of NIFPV as well 25 emergence of neumal cwest mmsor?

EumhdlmﬂmﬂPﬂﬂl?HM\{,mﬂ.
varpesied that the severs cantal skep apoea is 3 pheaotyps of

tiom, bt also penedic testing for protanons of the FRCNZR gana.
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Comgenilal central kypoveniibtion syndrome(CCHS is characherized by o fikare of
thee aubomats: control of breathing during sleep, and is coused by the dominant PRHOI2R
mutafves FHOX2Y sacodes & Bghly conserved homeobox ranscripton factor with rwo
et pabrakanioe racis Moee fhan 805 of palienls oy pobyslamse expansacn mulalions
IPAEM! in the polyalanine tract of 20 ressdoes and bess than 10% of the palienls haee
nifssense, nonsense, of frameshift mutations (noa—-PARM . Apereximately 25 % of the
patsais with PARM isherited thi mutation from eeynapiometic parenis with somatic
mecsicmm or few allected paresls, Molstulas analyeis can provade e difinile diagnosis
and clinically useful information. Model mouse experiments and MEL study of the
patiente will contribute to understending the puthogenssis and developmest of new
ErsEslment errale sy

Biey words: cemgenital central hypeeentilalion spndrome,.  FHOXZE. polvalanine, lale

onset central hypoventilaton syndroms
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