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Deployment of portable ultrasound machines to Great East Japan Earthquake-Stricken Area
by the Japan Society of Ultrasonics in Medicine: lessons learned from Iwate Prefecture

Kotaro OYAMA

Abstract

In response to the Great East Japan Earthquake, the Japan Society of Ultrasonics in Medicine (JSUM) deployed portable
ultrasound machines to the three most seriously devastated prefectures in the northeastern region of Japan: Fukushima,
Miyagi, and Iwate. Twenty-five portable ultrasound machines were loaned or donated to Iwate Prefecture.

In Iwate Prefecture, the medically underserved coast area was hit by a record-breaking tsunami; 5, 115 people were
confirmed dead, 1, 132 remain missing, and 211 were injured, indicating a remarkably low injury-to-death ratio (0. 04). At
first, the impact of the tsunami on the healthcare system was underestimated as a result of the shutdown of the
telecommunication networks. There were significant increases in the occurrence of acute decompensated heart failure,
sudden cardiac and unexpected death, and cerebral infarction during the initial 30 days after the disaster. Due to
disruptions at hospitals and in distribution systems, the rate of percutaneous coronary intervention decreased and in-
hospital mortality increased in patients with ST-elevation myocardial infarction.

In the initial phase, deployed machines were used by local physicians at evacuation shelters and temporary hospitals or
clinics, and by volunteer medical teams for DVT screening of the refugees. After 30 days, the machines were utilized to
replace those damaged at hospitals and clinics in the coastal area.

In order to realize proper operation and consistent management of the machines, we directly communicated with
members- at JSUM headquarters, Iwate prefecture government officials, Iwate Disaster Medical Support Network
officials, ultrasound machine companies and their agencies, and local physicians who requested the machines. E-mail and
cellular phones were irreplaceable in these communications.

We need to develop resilient telecommunication and distribution networks to prepare against massive disasters in the near
future. It is important that medical societies and industry work together to build logistics for supporting devastated
regions.

Jpn J Med Ultrasonics 2016; 43: 61-74

Keywords

Great East Japan Earthquake, tsunami, portable ultrasound machine, telecommunication, logistics

EFEMKFREFER/NERFHEE
Department of Pediatrics, Iwate Medical University School of Medicine, 19-1 Uchimaru, Morioka, Iwate 020-8505, Japan
Received on September 24, 2015; Accepted on October 6, 2015  J-STAGE. Advanced published. date: December 21, 2015

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016) 61

Presented by Medical*Online

- 123 -



L. ZFC®IC

FRL23 43 B 11 BICRE L ZRAFARKOE

%, HABEEREFRIEFRIIBERZNEE?
BELIELA BERBHEEA -7 -bEBELHF

L, B #Fl 6b¥C25 B0BERSIER

3,

FER BN IR HIR O BEERT R,

N
RZ 5

FICOBEERT VT4 7 DOF 412 & % EREERIL
BAER 7 1) —= v 72, LI ISR E R
OEECHASNE L. it BAETEREZS
OEFHEHLEOE LTIIESFWZLELZDOT
THEBHL EIFEY.

RHARRKEXOFEIE, FICEFRIIBVWTI,
FESRD 6 EREIRICZE L\VREIISIC BT 5 KEHK
LB, PHHEL T4 754 2 OBET L.
L L, BRI, BE0OEMErS, KEEKE
ST 7o IS SR ERROBRINESE L {, Hik
DEEFEDTEIRATLE., —F, BIFFERLTIE
HoTHNEICDH 2 EETIHRRIROKREDERE
PWorbd, BMEBTESECH T, EEHEMEE
NBLSHH RS ) TRHATLEY.

BRER, RIEMCHLEFERRECBNT
B s s, REFIHBISRE L72RBEDE
BT — AR LREAERE, RONIERRA
CEEEFTOETRIEEBOBRF L EIIEF A —
WTESAFICHELFE Lz UTIZBIFLRICE
B A= VERE DKL, FADEEEOPC ORZIRE
DEFTHY, ZLOBREND SRS DY
TIELEHohLOBIY LTBEET.

62

2. FHARS  RIHE 10 HET

REFEE, FR23E3PF 15 HIC, (4B BE
BEREFSBEER FIKRE THEEENZ
LB TEEA v - [REOERKICIE, B
WDOH 4 DTEFHEF Lo TniziZ e b,
R Y (A E I RS S ARV A AR-S- 3 MR B v) A=}
FWLAKFLET. JRRELAZLIHBED F.
TR LT, B3R 16H, BEEMNERKE
BB EEED, R OEHEEE RS E
(R=%7nra—) OFELBENLE LA
COH, B, RERTEILZIOOERICH-
THK 2 RN RAMERE O K ER LR, Bk
MERRETERICH->THBY, ARICEHEY BE
WL TWEENEGEBEZED N7 ¥ —~) 2k
HAEBREOFRAHESTERSECLELL. £
7o, WEEEATEE T 5 BE AR Do THEDS
MFEEFETTAWEELZEL, EFHEEIC
Lo THEEL TV ABFANVThHBIEFOEED
FEHRBEREAFLTCNF Lz & SICKRMETRHRAT
2B THRERR 2 & Hls DT & b DR S & S 2B
THEREWEL, TIho TERIE-/2EZA
TEHEED A —VIZROE, FRIIFLT, &F
NOR—FTVTI-OFHEKRBELI L
(Fig. 1).

3AIBHM, EEMPLOESR—-F T VT a—
EIEIBY, BEEBICEELT L B4, §
HD3 A 17T HFBROBICEAAINLIFETLE
B, FEBREBEORBVPEII R0 LW &

2011/03/1619:36
ARG, s, EEFuA, WMRSEAE, KRB B

EFERO/PMUTT.
FARER R OBFIE T TBY, EEMES D F LA

BFERTRRESHOMET~BREZRELTBIVET. K= TV a—-FHNIEARIED» B 250

DA

BEFERNOWEER E)THEOPD, KEPOEFANMAL)F -2 ESRELCITERELLETETO
T, BEBITCOAZTNELEVET. BELETUEL I EsH»h 1.

EIDPTRETECET L) BECRALLETET

ANLFEARR

BEHLEEZWAAD ) 2720 T

Fig.1 BFEALSLEELI-EIOEFA -

WASEE © (MFF) HABFREFSHE ARKFE WA —idkd, ikt - (4F) BHREEFREEAREE

HE ERKE dwkd sEEL  BERIEMKE

BEEESRE, WA  TALRE WS EE

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 124 -



5, BEORBAARDPERL LT, BERIZET,»L
3 Eh, FHELRORE Lz -/-OTLL. 36
DR—=FTNITI—DH) L2 BIIREERERRERE
ELEETCLHINIEMEPOBRELERE, 16
EREZE TORBBREIC ORI AT 2 SHEARET
L7z, K, S 2 BORATICEBIEFIIEN:
DX, DERIFEKBEHFRPOA - —, REE,
JAL, BFERFERBELR L, £ 0F4DEHD
2Eb0TLR EER BFERWBEREERS

Fig.2 2011/03/18 BEKZ W EDR | A Eit v ¥ — OBEEREL, RERCEHESEOHK
AFERMBEREERGER & —OBEERE Sy L eEE A - - . (T
AR ORREC IS DR L B AT 7 RBEXBEAT) SLICLI LA (Fig. 2,3).

2011/03/1720:27
AREBR BKERR RMHR ARSE, B

B3I OBMENLZIBNEVWZwTEBNETI L, BloZtiEbd ) THA.

KRR JAL NSV 72 &, RBICH DAL ) TS ET

BAEH 6: 50 TIHZE, 8: 0 (EBBFDETHIT TR0 BWEY. BEEBIIZIZIELLLZITRYIC
20 F¥. AHIEAFERICELED, No 7)) —REF2#RALLET, HREOIOBE,rCMEHASE T2
{260 TY. BEHOLPICEBEESHEBIINENRAS vy 738 ET0T, EFENELRLIEED
BRI, REBREBERY Y —OBFERELFIES T LICLET.

3EOKRERAE A 2T, BMOBEVE, SETWLZFUILFELET.
EFFLEBLLLBEVALET.

/IMLBFARER

2011/03/1817:15
AT, st

TPONABMERIC R TENET. EESA, RESA, KESA, RIEIFEEFETOTHED Hh L) T8N
F L7

RAZENLELAY AV R2BETAN v TALR, HRECTEMALELRESRZELL 3483
EFICEELTWET.

BHEBERTIC BT 2 EFERERL S F—L0H b, 3F—LIlEFSEET. 72HEL 710y 7ADCXS50
IO EF LTI, EREIZEEEOBEREMARNVATIIEF SEsZ L2 LELR b L, 5%,
TEEWLEETAEESEIL L) RIRIICA D T LA, S50 282 BFERATICBEWTI RITERIC
FLET.

E3ELALLIBEVWZLET.

ANMLFERER

Fig.3 BEEZWEBOE 1 FICETIET A~V KELL2HOR/ T3 EOEBEIEFICEE L.
KRK BABEREFZSEHR AREHRK

F3H 19 Br6iE, BFERBERZSEEF — EAERWEDZ ETL. REE D3 A 20H,
LIZEBYEITLTLLWTE L2, ¥8BF— 240 FTEF—L0—8B & L TEBHICAY, BVEH
SOFMETIE, BEERCBITRRELET HHI31F SRR R BT R B L D BEFT I B W TERIRE D

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016) 63

Presented by Medical*Online

- 125 -



Fig. 4 a 2011/03/20 HFEEERS HT IR KAERTBER - BRI R /ERMSE. BFERERERY v ¥ - P EBAEKERD
b 2011/03/20 JR AAREMR BERIRHTREN. (BFEREGERY > 5 —PRAHERIRZ

¢ 2011/03/20 EERIEHATAMITRL. AW ICEROBEL R, BRI ERLBHES L FCEFIIIM L. (&
FEAEGERL Y 5 —FBARERRE) '

d 2011/03/20 BERTEHTIEAUAT REBHBEERT. B 375 2B OBEERTIC—FeM 5 5 ADOBEKE D7

e 2011/03/20 EFEAKEERTIEF — 2 BEEHHEMTER ROFE. GEFEAERERL V& —hEARKIERY

£ 2011/03/20 BFEARKEERETEF— 2o RSHTEWTER ENFE. (BFERE®ERYE v ¥ — P BAKKER
EHr2ETAHEROEINE, 1) SHESPHERER SEBEERAT, HICEMINTLE A2 &ItLba Y P E-VORE, 2)
EEEL REXE BBE AV INVTUFEREEDEND, 3) MM UORBRABTELVWI LICL2BERTOE
bz o7

g 2011/03/20 BFEAKEEELE T — o BEAEHTAMLTRR RHFE. (BEFEXE®ERY Y ¥ — P BAEREE
BRI CIE, BEFRSEIOSMFNERZHERTL, VxidU v orhEL, FECFHN 7. BREOTEF—LICLBE
BHREL LB 72

EBICZDE L (Fig.4). £L T, BFRICBIT 0 F L7 BRICE - 28I, FEAREICH LT,
BWEIL, FEFEEIZLDZOOTHY, EEEE BROERBHEPZELBER T IIHoTE, #
DELPBERDBHEBLEDIILALTRTOE ERZHMEBOESFULEII LD THA ) LHEL
BT ko722 &, DMAT %51 & L2288, B ¥ L7 (Fig.5)
RHIBICIIERA T 2 ERERN L 25T L0555

64 Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 126 -



2011/03/1819:22
WASEd:, frepsed, &k

KARELLF—L2ITHRR-oTEY THAD, —HEH LHEHOMETIE, BEE PEEENIRZEHFLS
EHENPEVL ) TT. BRESI Y PO -V TERL hokZn bt BhbnE T, HLIC—FEE»S, FEEo
BEDVLUERBERL /- ICHBESNTBY, 2RI TEREToC0ET. 4, BFAkick288052
DTLEH D, BUBRFAZEORELWEINTETEY T, KRB LAESRF — 20T CAROBER &
WrL7zB0iE, < I2v5 DMAT 25, —BZ DR THIEL TV AREILES D, HIVETERIL, EFERD
HaEEL s 7y —RHONECEIRRICHEL TWEY. BREBEREY Y —I101%, FHECLELONLE
EZD, FNLOBEEEMLTERSATVEY. FREZINIEREE V04 VA0 y 94 VAL LER
RKEA VTNV FHEECHEMLTCVWET.

REERT — LAOLEOEBNE, ERTHo12Y, FTHho/th LTI T. BEREF—LDVBEVLEGh DL,
FBH OB SERP—FRICHLEFEL EHESNTHET. F—F 7NV a—1ZBHE»SEH IS TT,
BESETOZEIE, EHFEELTWRZWHIETITORTEY, [HEwvoTdNy 71U —EHEM OBV ERES
VWO TEZVAEEoTwET. BAHPEETRE EINBENITHo T BATRENS ) T
BHDRBROERREEZ AT, SO5ICTHER LTS

/NMLFFAER

2011/03/1819:31
WARTEE, st &5

B

O EFERIIODWTIHE LENT L.

KAOKE,ISIE, BFICBOTE, BEEETRIIRIONb oL BERIIICEVT LA BB TLEN
BECEETL, &%, AV OB ETNL 5T TSI IS DE—BES LY 3. /-,
KEDAY v TTTHE, BEPESLHTY.

FENEFEEOBH X ZITRLTBY FHTATLL.

/MUBFAER

2011/03/1821:03
WASEAE, frepdnd, &k

BROBF A ZETVETEENTT

HEES T, BFEKOBEFI~OERPIL, RE—RSF—-2TEBLTVET. L2L, BROBHEAT,
TEIEHLDD LLTERA.

FAZEBRF LR HRE, TBEREE & BRRED, 2R L4k 1~ 2 A0, BEMCBIILRE LR
Bz EBVET. BAIBRERZEEL TV THA ) BORBEOBEOHLY, ThEEHOEEDTT
C%ATLEY. #LTC, IhETHROBETERBEBOERZFITTVALERED, BT LWARESE
DD FOEBBETIIFIIT OO R REEMNE, Bb0 L) hHBEOREICES 5285200 Tk
TuhbBnET,

ZDLE) Bl h T, BEFNOEEEOBENPEIBL T DR, LRI GPbEVEILNHY T

1Zo& ) LETAY, LELZES PI0Z220VL3AE, JALTBEYWZECLWIBEWETLIID LT
A

FOBIIZE)FLAB L BEVWLET.

GNIEE: -

Jpn J Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online
- 127 -

65



66

2011/03/1921:16
WARSELE, Prandodk, &Hk

TenANABHEEICRoTBY EF

AH, KABHET& SR BEROBHFTAEY ) EFEROEEEI, EHRHII-200THLEE L £
LOWMENFEFEIIKREDoBRTTY, RIEIER-ZEFFEOREICLE L, BHTICHEERELETLIEE
B, BHERra—2HHTIBERIEILEAE P oL T, IBEBBICIIERERD SEHOER
BRTHFE LA, BEFICBTIREEROERINDLYOOH 5000 LLETA.

W HOEFERD S OBEETEEE, BE2HENC EFoEERICArbEsILIZLELE &
BERU L) CHHET a— 2R 375 BERERE L SRR FIAEHERL-BREITTOMALZ
LRHLTAHAET.

WY AaETHEF T

NI N

2011/03/2021:23
IIARIGAE, Frepdoe, Eik

TROANABEEFEICR>TEBD 9.

AH, FERimEAOBEFRGERPICEITL, BIZEEMIEY LA

BT CRERLETLIERSEL COE T, £RMIE, (1) SHERERFLZ EOBERERDEE S AN
BUEMYRT LI o228 ilLoTary Pu—VHBRBIIR-oTWAEE, 2) ERER fEXL BHE
AV INLEYH R EOBIHEDIEDY, 3) MM LORERABTELRWI LI AHETTHOENL, THE L
IR LF L. EFMra—2BUwABaEd) TEATLE.
NEDBESALRIBRETLIELALAONICATLE. BEOBRE2BV /L 22BRERTHEDY, ZOEBKD
WEZ, BFREICBNTE, HBICLIZIDEN) LDIE, KEIMEKIZLIADDEVZET. EEOHIZEN
REENABHIOT CELI, ZHROEAPBETULEATHE . iz khicd, ERICKARTNS:
B, S NETHY, BEEZENIFLENRETIERTHD LHICBVET

WHEHr o —0fBETTY, HELLZEBYSHRRL BRACH53I 2271 bV —IUHOBEFTE D o
TZELTWE LA ZZIZEDMAT 290002, REBHOCEREMNCHIEFERNA->TED, Ta—2LE
BBAICE, BODEBBLAEBYELETLEoTVEENI L TT. 414, %412 DMAT 28| % EIFTw
XE4DS, FHILFEHETELAERBRL R RAZERERLIT. BHEBEOMICHESE LR KR, K
FREOUEBRET, ThodERLERFHLTSEZBERLCVWEY. SOIUNEEOBER TR ko7
DRBRENFEA. SRETEAPS 4B LEHIITT, IRODOBHROEEBBOFIYUTCHEEILLLDOTIE,
WhEEBWET. FOBICIE, SHBELEVWTWVS CX500E S 2EBEOEEOHABLESLI S LI
FA. INOEDFIZOWTEFREMHRLTERY ET

HHLE UEMEENRETAFETTY, &0, PI0%2 24, #HsEEd

BT OBMET CICEARELHBLCB) T

P EZTEERL RTET.

E3ELALLEBEVLET.

NI N

Fig.5 REIHO PR IEREELERE~ORELZLLEF A

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016).

Presented by Medical*Online

- 128 -




3H24 8, FEPSOR—FTNITI—DE?2
ForhEs (Fig.6), BHLE ZoHdns, ¥E
WAL TWHhTRKEEETEL Y bT—7] ~

mgszmmmmﬁzﬁﬁMﬂ% ZhURE, ¥E
KIN[VDTREEFRELY P T -7 I~D
E%&&é

OB, RPERAFOERBELLZY LA
(Fig.7). WhTRKEREZEL Y T — 713,
DMAT #IX & DM EFEE ORELEREIROEL S
& RBICh AT T EM L AN LIZE
BRI 2 REICEET L0, AFRRLEFE
RIS, BEFRERR, sFEREME, HAR
TFHEFEIE, EVRREEES RO L R YRR
EN2b DT, BFEXMBERE IHH—REE
PRRELTCWFE LA FOR%, v MT7—271243,
VEIRUT, BEK, SFREZAR, EFERHE
BiAE, AFEEEHS SFRRBIEMSEM
b, ke ZEEBAEBEILEGEL L TKEER
WZdhizh T LY.

IRREH T, 4 A2 HOBERIBHEHEE VI,
ZLDKRT VT 4 T OREFIC L IR EIR IS
A7) == TR E TR, B53N-ER
BAR—% 7)o — I REmT 255 L CEH
ENF L HERLESBHORE ZHEBEOWMESIIV

13
VHOTREERIRR Y h U2
RIERES
AR A/
HARKBLBRMERGEAF O D

FERHE S RSB RO BNV T 38V

233 A 220

i EoEELT HUTRLEY %ﬁm%%’i’:lﬁr%@f&fﬂw oEELT,
?:K!"Jﬁ%-at*}“chi‘?,t x%L S N
B
LR a6 : TR AR KE R DOWEERA~OEREIRHRHOL Y
2 BB WAV~ R R AT 4 ARV AT DRGSR
105 3R
EBHANM - THBEIAA N HRASEMN, KIuMKTET
4 WHIROERA  RPERREREM IR ERE
%‘?ﬂ'ﬁﬁg%‘ﬁmﬁlﬁﬁﬁﬁﬁﬁk Y B ERERN R
Al
Tq‘;?za—ssogz FRBRTA AL
mail
Fig.7 [WhTKEEEXZEAY FT—7 ] POoESOEBE

B HREOHEABE OB

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

67

Presented by Medical*Online

- 129 -



Fig. 8 2011/03/31 % 3 FER%E. DVT A7) —=
VR

Fig. 9 a 2011/04/29 BEFRESHTEFE. ©
BOFEFICL DB TODVTAZ ) -2 7.
(BEFEXEENFHARTTRIRSE
b 2011/0429 BFEERBHMT Y YKLy V. &
BORERFIZEIBEFCODVTAZ )~ 7,
(BFEXEENFHER TR

HLTEFREEEITREA Y V-2 0EFOITR
HEWZEF Lz (Fig. 8-10).

4. ThHAMITIE C KR 1 AL

4 ALIRE D BHRAREZ P OICBERDITERO
BE5 & T Lo, EFEPL, HESRICEKR
TdH o 7-BERIEHET & REEHT, |LHETORFEEE O
BHDDIZ, BEERZHEEZFRBW2ZT %20
PEDFENFELNT Lz, BRFESREIZTH

68

HEETWEwEZ A (Fig 1), F8%BL
TEEBDA— =L R=F T VT a—-DFHER,
BEPLHFHE~OYNVBEIZOBLEXH Y, B
1008, FE1SE AR 25 HE0EBNRETED
FTHI LI FE L B, 4818 HURE, %
Bl [EFREAREESREERR] ~0BS5 7
BEBEERY, FRITERE AAEHEELRY
¥ L7 (Fig. 12).

IRREFEEBIC BT 2 BEFHOEIIOWTI,
4 AREDE, BEFESCEFREEMSEER &HEE
WEE B A, BHRErEETAE LD, BE
EREFTCEFERDERIKBEOFET D b
ZATWRREEF LA Znodd e, BIZILER
be, Kegske, BHREEZ LD, EBEROKE
B, EOICHBOREFEDERER CHEREL
L, R=¥ 7Nz a-B5EHLOFE THEOHE
RECWAE - LT, BREUE BRURE, BEUD
FEELRELT L

BT SERORBRIINIGT 5 20 DOEHRE

D THENE , BEROREST DS L IZBH

FICOEBECHOHBEIFEALIEBLREINIL
7z (Fig.13). A2, TESRTa— I ERR
DOTEBIIVDE WD, TI—-PEEROOKEH
EEZEOE->TBONEDOTRIERT CTHIFTHK
L] EFEENAEELBWTTLAE. /2, ¥E
FRETELPOLEESIN TV EBEELER LI
BHN &, ZOEBRHOFEICBEL LAY

EbdhET.
RS ~NEBL BT -0, A —F7—K
HEOHBEDH £ TL7z. ME#IZE o TEHOTE

HTaELHLT s, FHRVEHBADL LT
P2EF L7z BEILLHBDL, HERIREBEIIC
B ABEOARREERIZEBRESLR L, ZOK
EEHMICEE, M LTz & F Lz (Fig. 14).
ELUBBEEREOSEII LD L)1, FREVHF
B L 725 4 2 BRI ORES BT E L.
B SN BERSWEEBIX, FR 2343 A 18
Hft, EFEMAEXAETGIHHER LD O [P 23
FEFERAARKERINE) BEREBROERRERE
BEBICET 2EERNICOWT] 1I2BWT, 5k
BeAOLTBY, EHIEE, [KEHB A
ThrZk, La&nFlL (Fig15). '

ZOME, Fzbik, B5FLEFEINLR-F

Jpn J Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 130 -



2011/03/2814:38
Ak, FfRseE, &

TonANABHEFEII o TBY ET

AH, BEYLAZPI03ED, ESHTOSHRERESEN P0G TAF - AT TELRIZZ L
BIWREHL EFET

IREEHN, T3/ -7 AEEEOBRICAVAERHI - lOonWTIHE 2 BEVWLET

HE - EEORE,IS 1THN L E LAY, BFCEHERHOBERIHT I EWVE INE—T, HERERE
DYEDET 2z, 5%, BERNTOII) I -7 5 AEEBORELZLET L EWIEDN, FHEEAE
THCTREIGEY LA AR OBINENR»,SFEoNE L. BBHA AL EISEHTOBETIZBWTD- 44~ —
P ECMBEREITONEZ LI RoTEY, ABIKRFEID- VM v —BEOFERE .Mz a ) I -7 T RE
BEROFHE2ED LI ELTVWE L) TYT. EROBEHL L, Bo& ) LATF— 9055 bIrTh{, Mt
DEFEROME 7 V— T TR ELZNEERDDPRTNE LD TF

FOL)RBETTY, 0/ I~ 5 AEEBOBRBICHAVSTWERRE L I - I 00 TOBREELEL (4
M2 E060) PUEIEIDPBEABUNEERICELET. 4B, HEBHEILTWAPI0RZOHKNTHE)
DIEFELNEWIDD, PIOERLTALETFEROME S V—7OETYT. b LEB->TWE LALBEUL
ES

ZINHLIBFAER

2011/03/2817:08
VEfESeE, SEEA, B

BREOTHED N NEL ) TEVF LA GED Logice 2 BHNTHILIITHRTL L I H?

FBIEERERE D BFEL ST T/ & F LA, B D LTV Philips ® CX 50 IR MMER 70 —755H D,
EBRICHRZMEL T - 2R L TV ETH, BEFOKESETTOT, Ny 7 —OBEMPLL&EORE Sh
L, BIRATOFRAIELWEHFLTWES

AN IUBEACRR

2011/03/2820: 12

7k AR

ZORRIZOANAZERDLPCH VAL EBNRAEZHVELT, ZZAHLNBILAELETET
HEHUBERD R REE LN 7 7 AV TEBEY LY. TENTSVET L) BEVLZLET
BEEZ 2T, [WHOTKEREIEA Y b7 —7 REREE MR- 12, BHFOEEEFEZET, £ A
IWFERRRIZ L TR Y £F. THIAHTLEZEWTT.

/ML BB

2011/03/2918:37
HIARSeAE

EFEKO/NMITT.

LRI RZ M DM ENR OB ENEFECOZRICAV LI O 0B FELI-0BHE BEVEL LITE
¥
BOFEL LTHIE—BERMIC logiq e 3BXHBITTVWETAS, ThrEEL L XiE, viamo F 7213 Fazone CB,
SSD-C3CV DL bEFAWERZLDIBEBENTEEITTL & )2

B, INFTLEME BRREZIVWODTRKERRELE Ay V-7, EHFOEEEFEEZ TN, MU LT
WA D £

/NLBEACER

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 131 -

69



2011/03/30 16 : 58
AR, B

BEREBFENZED DL ) TEET.

%k

niEEnTy.

THHIT.
EIPLBLLBECNZLET.

ANIIE NS

BHOJAL TTAY, FHFE6:50 L 15: 10055122 ) 3 TL &I 2
REPLZITHDIZZEY ETOT, JEDFL2OBHER S

EREBOEER, BEOMIELTE, U A MR ETERRABREER LV & - TV ET.
SROFRIEBIBAVIIZHLDZ LT, FERIZEFERTBELTENI LRV, BEEORER
N L o I LDEEFEBFRITHr2IWRENFSH ) ¥, TRMBEVLLETHEEBRVET.

7z, wobb, FOBEFIZEPONLY, WHTKEREES Y b7 — 7 OBBERE L TRE VT

FEOEBMAN DHRELEBEOWZEIIOWTIE, WHhTHKEERIES Yy M7 — 7 0HEHE, REKICBELL

2011/03/3119:08

IWARSESE, K RER

AN ABWEEIC o TEBY .

MY BETHEBRL LT LY.

/N ARHR

Jo734, BLMTREAOREHOEFE L I- 3 B EMISEALELL.
TERORD, BBIZIHIBWRZESH L) TEE L
B H PRI ICENERERR E BE, VA MEEZIT, FRIBBFORECHBELTEL LBVET.

Fig. 10 DVT A7 ) —= FHBEESMEBROESMKBEL TR OBTF A -V

TVLI—-OEYRERYBEL, B, =—X¢&
XBEBOIATYFEBIET AT L, HHVITERH
WBETAZ LR LT E L B—Ill=— XD/
AT, EKER RELFEROEM SN2
T, BHELT2REBSO = — X% EHEICIEET
HIELIEREETLA. LoL, BEFECEFREM
%, REF, BFEXE,LOFBHRE D LI, EE
WKL a—%FRSNAEEFPOORER ) REL
Tv, EBEOLEROEFRE, BEITT5EERLEM
FOEEZROLZENTET LA E3FEED
—TTHGERTHY), FRABRVHLTRKERRX
B4y b -7, AFERAREEMBERRERED? S,
A= —RREE, FLTERIEEZFIHINS
FHEFFET, BREMOTHIICLY, FRIVE,
v FUT, Wk T TE, —EBLAET
WMIETHIENTEE L.

70

D%, BFEEKTIE, WHhTKERBRIES Y
N - DR D LI, BREMEEEE LK
EREEBREHET VOB E AMBEREZ B LMK
ERHIFERTERET Y ¥ —] %L, TBIE
BICLELBESHEZHEEL I LD LT 5 EREES
RHELOYROHEEIToTCE T, (Fig. 16)

5. EFROANHE EERBBEOHK

HAARKEKDOIEEIL 19,074 A\, ITHARBEE
2,633 AT, B 9 ENIEEIZ L AHIETL .
BiEEIL6,219 N (EREG697 A, 8IS, 337 A, &
FEARH 185 N) THh, EBI T HEREHRD
. (injury-to-death ratio) (£ 0.3 CL 7. BFEI
DWTHRDE, FBE S, 115 A, ITHARBEE 1,132 A,
BEE2AN (EE4N, BESOAN BELRH
157 \) T, injury-to-death ratio £ 0.04 TL 7. K

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 132 -



2011/04/2218:53

HABEREFSHEE
FHB—5LE «

ZOBEKEDHIN S, BN DML CHREICHSITELHEESILT, IS DAL ) TEE
L7z, BAFSETEFROBIMIV LS OTEH ) E90HFEZEEL CTRTHEY. BATIISEN S
BPBRSNIZEZADE L, AL CEPNE FRLOBEFFHBOBRELRL TNELDEEATHET
ETROEHETYD, BIIBMEALALIN, 2 THEEE 2D BIURBRESHE L CBEIEHET & KRBRET, L
HET D 3 BRETHENEARTY. RIZIO3 ML PLE LTREEBIERZENLES, RESCSENE
Ko ZEMERZZIC L THBEROBEHEE) 2w Z2CwnEd. Z0EIHBET BERZPHEELZILD

B EEBBROEBELEELREL Lo TWET. 20X BAEHT, K, BFEL R, BESE |

KLVERFDIE (GUBEYLA-6HE, BICIETREF—L2AL LTBEN LAL3IAEELE, 98) K
DWT, BETERL, BFEAOFHEL LT BT 200t oM#Essd ) £ L1

ZHEOBIRTTA, BICHERICELBELTBYELAEPIODSBICMAE, ROFETIZHEA > Tz CX50 24
BREMEETORESEIICEN I L 3HHOLZPTHIEEBOL > L b RED o ENSHT T, fo
D2 EEBEITHARD EFEEREORIENSE (, RICEMA L TWAHFRE LI IMAT, L) E#E0EENK
BErHo/lzO0TY. AAMKFERAOIEEE, HE4A 23 H, EFEREREABOF -4, ThbBES
HHX TS, BEFACTD-5 A v —EETHoEROAZ ) — =y ZICEELEY
BE5TEWTWS#EIL, Siemens Acuson P10 (5 %), Philips CX50 (1 &), GE LOGIQe (1 &), ALOKA
Prosound C3 CV (1 &), FUJIFILMFAZONECB (1 &) TF. ZWAAEPE LWBEWTH Y, i, 4o
TEMLOBHLEFELETA, TEEEFEN AL, BEVEL ETET

NIIE: Y N:

Fig. 11 BFErLOBERSHEBOFEICHTAHBEFRIHETLIETF AV

wE 23 B
F s Fwme

BERENESE

BTG R BEAR
WISEE RE AN

TR RS R CRY) FRBEFEEOR AT

R WESA N BLBELABBRUME L 9, ARTRENBCROCEXSR
BERIEE AT,

BERBBRAIT IO CH B - REOUBR G B, MROBRKEBET 3 BT RBIER
BRABLENTDEIBTT.

SFELTR, FROLIHRBESREN TIATHREREIREF2TE
BEFEOEEVETE S XA LOBEORL PR,

w
5. REARY : SR E ~ IR R s

¢ BIER TR AHT 4 Y VI brm g R e/
BEEBEEECS 5%
] PR 2345 5 AN RGBT E T

4. BIPOTRY | HREHASRPRARBIR
BREACKHERERERS Y 1 F —HRRNRE
Adaiy BRE
TO20-8505 #FREMENNR 108
Tel.
Fax.
wedt

(88} SRR ERAHRIRR
Ry (ug)

Fax.

Fig. 12 &#FERERUTERRD SFK~OBERBHEE
&RV OF

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online
- 133 -

71



Fig. 13 % k& ®
W OSES
LA BEWD
WrEEE O F H

Fig. 14 [WhTKEERETEAY VT -2 Oy 7PRBERESFICL2EBOMEL
A —H —3ABEIC X B IR

R

B RO L BT S BEN

¥ 21403 wRrkie
BHLIS Bk we
{Jwe
Dl 3 SHR - SuSOREn

awets HRE AR RSB
BHOR STRERARIG- T QTG WA BROSEE wIeHs BEBH
PIRGRGATRIIER & B A

{IR0E08 At - Sal. BORYORS

Wi ¥ 8H &R
HRAY ¥ H "

s ¥
] ) (BRB RIS
W wom - gy (A% RE
] suesaiang ek

B - Ay o B & R

HAE £ B Bl g ® g

ﬁ?ﬁﬁ@*@t ERTEY
G5~1 @R}
§5-1 (LR~

£32~3 (BRYe-¥

RSP RN OT
DRBITZSIE ey

SRS
R e

NG LSRR PRAB ¢

TR |
X

X
7y
P

.
D55t BT L ANAMGARR, BeseriRRLErdne s,

{3 Z

REUE RS ERRRS

Fig.

- PR K Tl injury-to-death ratio 56.8 &,
Z L DBIREDTE L0 LT, HAAKER
TIREFBILEAGHREBDD 2L, 2 THETF
BB @I L D AN EOR 2 NEITRL
TwEgY,

LHOFRIIK L TEFERICHEINERRD
B, BEEFNIRALNE, b6 QEEMTL
7N EBE OB I T, BRE L v AEICHRE
BRE % P, OREROIRZRRTE, EEDS
ESEEICHEML™, OAEORETEEKZ KR
DR S MBEFOERBEEEL T LA, /2,
EFER 2 O ICERWEOFE - WEDOEENP S

72

15 ERAEEAERGIHRRICLIEFAEORHIZHET 21

BE OB

ST FRELLAHEED BE T 5 BEHREER A
V=RV a Y OBITESEEICRI L, REHE
TENEFLF LAY,

AFEIRERO 4 20K ER LR (BIZAER
be, B EGRRE BIYEAWRE B AMRERE)
i, BEOEREOEKI»S, WTFRbES - AR
FEBEmINTE), BEEELZENT L. BE
MWD SBREOZITANDTEET, BRKBEALS
FABERRERD 720, DR O NEIOERRE
B~ DNREECEEBESFOMEIITONE L.
—%, WALILEERE, B REERRE, B R
& o 72 SEERL B R BE DA O SRR NERAR 2 iR B e

Jpn J Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 134 -



2011/05/2316: 19

HABERERESR

THE—%E, IA—HEEE T wEE
HABERELRFHR

KREE &

TOANABHFIZZ o TENTT. REEBPOERLZITEBEFZEINTENTBYITI L, EXBLHELE
FET. $/, BUAERERTIREOREE B I VAEZEETIL, LNARRICELET.
EFERRBBOERTTY, S FOEKBITED S, BEIHICLENS LERTWdbEoILHBX, KEE#HX
THORERZEFT CTODENLIRLCEELTETBY T, 2hicfkn, TESVW AW Twera—- MK
~NOFELHLSHEITBY ET. )
Bk, GE#D 5 Vscan 10 B3 BFERICFBAN ST L SBEF, SEHOHERIFALED LIZ5
B16 E»SBMADENEZHBEOTBYIT. FOBIZIZGERHOBELOFIZ I AHEHFEOHBLITOLNTS
DE9. F/2, SH 9B Philips £V, CX50% & 5125 R, AABEREESEBLCIEE5Eg5L
EREDVELE FROIINDEEDOTIBOBELZZAINVEHLTBY T, CX501220&8F LTI,
W, Kk, BEMEEHO 3 EEREL R OIIEASE TV FHTHEEE LML EDTBY 7. Fftni
LELZOE, BFEISERFICCXS0D SEDES 2 BEVT2HFEETY. WAV NEEWTT
ERICHEHBEFR LD ESEER BRI TBEI VWA LET.

B, BIDVT A7)V 7HLLTBHEY L34 (GE LOGIQe, ALOKA Prosound C3 CV, FUJIFILM
FAZONE CB) b, v Ry 7 Akt s ¥ —070—7%ZHIZEBMN720729 2T, 2 0BROBER

THEASETWEnWTE) F9.
DEZ#HE®RL RIFET.
FMEEATBEVWTELZDEELAIILTBYET

/MU ARER

Fig. 16 EHEBHEOBIBRRLEEEZH L TRBI ML

LR ESTEEBECKE LEET S, EE
1277 OBER BELCEEESROERFC Y
T —ORERRE, L OREICERLE L2,
FREFBLTEFENES I EFE SN -EE
&, BRBEI LT S OHIROBEIC,
BRI EELZ T R NOEFBBEOBREICE
ERREEERLLTE L 208, BFEIBEKE
EREENRETHHPRELER L2225,
Mk & EEBEIINT L - EORBETHET S
ENTEBLELICRYF L. FHK264E 1 HERET,
EFF 29, BFt 22 ORFEREISHYESLEHL, &
HORA ) & LFE LAY, EEBEOERICEN,
B SN TV EBIIBREE®ET 20, RHEE
FBLTEA -V —IRBEINE LA

6. HbHUI

HAARKEKOMENISEFHEC LR ROER
ZBEORET L. FOLPTEEARELES,
e, BREAPEFA—NVTOEHEY, FREFLOME
IR LHE, ZEOLA=ZVTFTICEoTHE
HoOEMLE ZBEITTON, BELRBEKHTIEH

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

BRZHEBOFAIIOVWTHETLEFA— I

fTohE L7z $72, EZREFRPLHEKBOEER
BN, BEREORVWTOBERSHEEDH
#iE, &L 0F 4 L BRERBEORI N 2% A%
JHEEBRTEEFRATLE. REFOKKEDR
b, BEEZREL, ZORERECE LAREOR
#ix LCTF S o 2BREOBERIZZD TL L ) BEL
BLETET.
SEOMEAXIE % 5 CICHBEHZETHL I
o TZRBPG, [k, BFA-—IVE2LBH64R0
IV BRRKENRZID I B LEHEL, L8
BEWMEOFERELERTEL L) REERLED S
CUNERELEZITT. I, IBWEOTELIS,
B coEY) LK L EH, FEIHROBINE T, #
KL%, WEEGRE KEREEIBERLEZOR
C—BEOERBHROXEFH 2 BET L2 LIUE
<7

FEEH K
i, FRTAFBERIEIHY) TRA.

73

Presented by Medical*Online

- 135 -



fHiL : EEREFEOSE L T 5700, RXPIEHES

N7 A ORERRE L2015 EHAEOFTBRIZEL,

TRC

1)

2)

3)

4)

5)

6)

7)

74

ZEHKT A,

THE—EE 4% BEABEREZSHESE
E, BIIRFEERREDREEIE - Q011 4
4 A-) miER, B BRABTEEFRAER
B, BEHERFRIER - 8%, HIIKELE
2 €53

Frepoosod @ 4 HABETREFXBESE
B, RERZEFIKE R R, 3
BAEERESEE, HARERERERER
PIRHE B8R

IWAR—fEsed - B A ABERESR®RE,
RERKFHRRE LFEM ST LY 5 -5
IR (KRRFREFERE A RREREN
FISRME), 31 HABERFSHEE, BIRZEE
FERIRRRE MR B

AKREHBK 48 - Bl HNBEREXEEH
=

EEPEEEL ¢ L HABTREZSARK
B, Wit A& EERE, BREELERAFERK
Yethll il - FRPRIRAIR AR BN 2L, B A ANBE
BEFSNHEE, Rt &EERE, BEE
SRR RF P IR R B #

PEIRS5SORE © 46 - B HABEREFSN
B, Wit A& EERE, RALRFERFRE
T2 FeRt R

ANLUBEAHR © B - B HABTREERRIL
W EEEERER, AFERKENCREBE
#iz

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

X [y
—HFEASFREEMSHE. KHRRRXDOLE
2011.3.11.

MAtTe, HPA—RR, FFHEILE, 30 REAKRE
KPEF, B, BREOZEO/NRENEERIZS 2
TWEOERLE, 2NN T AEROMR L E
RIZDOWTORKEE. BA/NRRERMERE 2014;118:
1767-4.

BT S E T e AED. PR 23 4 (2011 ) At
FRFEMHE REAREL) 122wT (%150
#) (FH 26 429 B 10 H) hitp://www.fdma.go.jp/bn/
higaihou/pdf/jishin/150.pdf

BINME, ANLBERER. KB ERONREE MR
F. 2015;56:413-8.

Nakadate T, Nakamura Y, Yamauchi K, et al. Two cas-
es of severe pneumonia after the 2011 great east Japan
earthquake. Western Pac Surveill Response J. 2012;3:
79-82.

RIWERE, RAEE BHE, (3h. EEHOEHE
2B B ER OEZR. /NENEL 2014;46:1853-7.
Nakamura M, Tanaka F, Nakajima S, et al. Compari-
sons of the incidence of acute decompensated heart
failure before and after the major tsunami in northeast
Japan. Am J Cardiol. 2012;110:1856-60.

Omama S, Yoshida Y, Ogasawara K, et al. Influence of
the great east Japan earthquake and tsunami 2011 on
occurrence of cerebrovascular disease in Iwate, Japan.
Stroke. 2013;44:1518-24.

Niiyama M, Tanaka F, Nakajima S, et al. Popula-
tion-based incidence of sudden cardiac and unexpected
death before and after the 2011 earthquake and thunami
in Iwate, northeast Japan. J Am Heart Assoc. 2014;3:
€000798 doi:10.1161/JAHA.114.000798.

Itoh T, Nakajima S, Tanaka F, et al. Impact of the Japan
earthquake disaster with massive tsunami on emergen-
cy coronary intervention and in-hospital mortality in
patients with acute ST-elevation myocardial infarction.
Eur Heart J Acute Cardiovascular Care. 2014;3:195-
203.

Jpn ] Med Ultrasonics Vol. 43 No. 1 (2016)

Presented by Medical*Online

- 136 -



J Echocardiogr (2015) 13:90-99
DOI 10.1007/512574-015-0250-8

Longitudinal systolic strain of the bilayered ventricular septum
during the first 72 hours of life in preterm infants

Yurie Nasu® - Kotaro Oyama’ « Satoshi Nakano' - Atsushi Matsumoto' -

Wataru Soda' - Shin Takahashi' - Shoichi Chida!

Received: 19 February 2015/Revised: 3 June 2015/ Accepted: 21 June 2015/Published online: 11 July 2015

© Japanese Society of Echocardiography 2015

Abstract

Background Quantitative evaluation of right ventricular
myocardial performance in preterm infants remains a chal-
lenge because of the limitations of conventional echocar-
diographic measurement and the complex geometry of the
right ventricle (RV). Serial assessment of peak longitudinal
systolic strain on the right and left sides of the ventricular
septum (VS), RV, and left ventricle (LV) during the transi-
tional period in preterm infants using two-dimensional
speckle-tracking echocardiography is reported.

Methods In 21 preterm infants (33 & 2 gestational
weeks, 1,913 £ 218 g birth weight) without mechanical
ventilation, inotropic agents, or symptomatic patent ductus
arteriosus (PDA), longitudinal strain (LS) was measured on
both sides of the VS, RV free wall, and LV, along with
conventional echocardiography at 1, 3, 6,9, 12, 24, 48, and
72 h after birth. Correlations and factors associated with
echocardiographic measurements were analyzed.

Result LS was maintained on the four analyzed regions
during the first 72 h of life despite significant hemody-
namic changes, including a decrease in pulmonary artery
pressure and PDA closure. LS was significantly larger on
the left side of the VS than on the right side of the VS at 1,
48, and 72 h after birth.

Conclusions Preterm infants showed stable LS on both
sides of the VS, the RV free wall, and the LV despite
significant hemodynamic changes during the first 72 h of
life. These results suggest that the right and left sides of the

B Yurie Nasu
yurienas @iwate-med.ac.jp

Department of Pediatrics, Iwate Medical University School

‘of Medicine, 19-1 Uchimaru, Morioka, Iwate 020-8505,
Japan -
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VS respond differently to the complex cardiopulmonary
transitions from fetal to neonatal life in preterm infants.

Keywords Two-dimensional speckle-tracking
echocardiography - Strain - Ventricular septum - Preterm
infants

Introduction

The transition from fetal to neonatal life is characterized by
major circulatory alterations—a decrease in pulmonary
vascular resistance, an increase in pulmonary blood flow,
and closure of fetal shunts. Preterm infants are susceptible
to hemodynamic derangements, such as hypotension and
hemodynamically significant patent ductus arteriosus
(PDA) during this period [1, 2]. Serial assessment of both
right and left ventricular myocardial adaptation during the
transition would be helpful for optimal cardiovascular
management of preterm infants [1-4]. However, quantita-
tive evaluation of right ventricular myocardial performance
in preterm infants remains a challenge because of the
limitations of conventional echocardiographic measure-
ment and the complex geometry of the right ventricle (RV).
On the other hand, the ventricular septum (VS) is visual-
ized far better than the RV free wall on echocardiography.
Furthermore, it has been shown that the VS is a morpho-
logically and functionally bilayered structure divided by a
bright line [S-7], and the right and left sides of the VS
respond differently to ventricular overload [6].

Until recently, tissue Doppler imaging has been used for
noninvasive assessment of myocardial performance, but
tissue Doppler measurement is angle-dependent [3, 4]. A
novel two-dimensional (2D) speckle-tracking echocardiog-
raphy, which analyzes grayscale speckle patterns from frame
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to frame based on a pattern matching algorithm and is angle-
independent, permits assessment of regional and global
myocardial function in the fetus and newborn [8-11]. The
accuracy and reproducibility of 2D speckle-tracking have
been validated in normal pediatric subjects and patients with
congenital heart disease [12].

It has been shown that gestational age, postnatal age
and ventricular dimensions all influence myocardial
properties measured by tissue Doppler and 2D speckle-
tracking echocardiography [3, 4, 8-11]. These findings
might reflect developmental characteristics in which the
immature myocardium generates less active tension than
the mature myocardium at similar muscle lengths [13, 14].
The use of 2D speckle-tracking echocardiography in pre-
term infants who are ill requires knowledge of the refer-
ence values specific to these patient population as well as
the variations during the vulnerable transitional period
soon after birth. The purpose of the present study was to
serially assess myocardial performance of both sides of
the VS, RV, and left ventricle (LV) during the transitional
period in healthy preterm infants using 2D speckle-
tracking echocardiography.

Methods
Study population

Infants weighing 750-2,499 g born in our hospital and
admitted to the neonatal intensive care unit from 1 July
2013 to 31 August 2014 were enrolled. Infants meeting the
following criteria were excluded—(1) presence of chro-
mosomal abnormality, (2) presence of congenital malfor-
mation (brain, heart, digestive tract), (3) small for
gestational age, (4) resuscitation by bag and mask or
intubation at birth, (5) oxygen administration of FIO, >0.3,
(6) symptomatic PDA, (7) use of inotropic agents, (8)
plethora (hematocrit >65 %), severe anemia (hematocrit
<35 %), or (9) sepsis (at least one of positive blood cul-
ture, immunoglobulin M >20 mg/dL. at birth, or use of
immunoglobulin). This study was approved by the insti-
tutional review board of Iwate Medical University, after
which written consent was obtained from the parents of all
subjects prior to enrolment. The subject infants were
managed according to standard practices.

Measurement of heart rate, mean blood pressure,
respiratory rate, and SpO;

Heart rate was measured using a heart rate monitor (Intel-
liVue MP70 Neonatal; Phillips Healthcare, Tokyo, Japan),
and mean blood pressure was measured with an indirect
oscillometric method (BX-10; Colin, Tokyo, Japan). The

respiratory rate was counted visually. SpO, -was measured
with a pulse oximeter (Radical; Masimo, Irvine, CA, USA)
attached to the right arm. These recordings were made in
combination with echocardiography as described below and
stored in a personal computer.

Echocardiographic measurements

Echocardiography was performed in the resting state
without sedation by a single experienced investigator (YN)
at 1, 3, 6, 9, 12, 24, 48, and 72 h after birth using an
ultrasound system (iE33; Phillips Healthcare, Tokyo,
Japan) and 7- and 12-MHz sector transducers.

Conventional echocardiographic measurement

According to the American Society of Echocardiography
guidelines [15, 16], the following echocardiographic mea-
surements were obtained using M-mode—LV end-diastolic
(LVDd) and end-systolic diameters from the parasternal
short axis view, and left atrial and aortic root diameters
from the parasternal long axis view. LV shortening fraction
(LVSF) and left atrial to aortic root (LA/Ao) ratio were
obtained. Tricuspid annular plane systolic excursion
(TAPSE) was measured from the apical four-chamber view
[17]. Right ventricular fractional area change (RVFAC)
was obtained using 2D echocardiography from the apical
four-chamber view. The time to peak flow (acceleration
time, AcT) and right ventricular ejection time (RVET)
were measured in the right ventricular outflow tract just
below the pulmonary cusp by pulsed Doppler echocardio-
graphy in the parasternal short axis view, and AcT/RVET
ratio was calculated [18]. Pulsed tissue Doppler imaging
for the myocardial performance index (MPI) was obtained
at the lateral tricuspid annulus and septal and lateral mitral
annuli in the apical four-chamber view [15, 19]. All vari-
ables were measured for 3-5 heart beats at each study time,
and the mean values were used in the analyses. ’

2D speckle-tracking echocardiography

The apical four-chamber view was used for measurements
of 2D speckle-tracked peak systolic longitudinal strain (LS)
of the VS, RV free wall, and LV at frame rates ranging from
101192, 74165, and 64—149 frames/s, respectively. All
images were recorded after optimizing scan width, gain, and
dynamic range to maximize the image quality, and data for
one cardiac cycle were stored in an archiving system (QLAB
9.1 software; Philips Healthcare, Tokyo, Japan) for later
offline analysis. Care was taken to keep the ultrasound beam
aligned parallel to the VS and RV free wall. Images were
graded according to the scoring system [20], and only
images graded as excellent or good were included in the
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following analysis. Regions of interest were manually
positioned on the right and left sides of the VS separated by a
bright line and the RV free wall, both at the middle part of
the wall (Figs. 1, 2a, b). The size of the sampling volume
was 7.3 £ 2.0 (mean £+ SD) mm for the right side of the
VS, 7.3 & 2.0 mm for the left side of the VS, and 10.9
[10.0-12.4] [median (inter-quartile range)] mm for the RV
free wall. For measurement of global LV peak LS, a semi-
automatic system traced the endocardial and myocardial
borders. Segmental strain is represented by six different
color-coded curves, and global LS is represented by the
dotted white curve (Fig. 2c). The semi-automatic tracking
was visually inspected before accepting the results, and the
tracing points were manually repositioned in most cases.
Since systolic LS is defined as the percent shortening of the
myocardium during systole, more negative LS values indi-
cate more shortening/contraction of the tissue. In the present
study, ‘LS is larger’ when LS values are more negative in
intergroup comparisons.

Evaluation of ductus arteriosus and foramen ovale
The ductus arteriosus was observed using color Doppler

echocardiography at each time point of the study, and cases
were judged patent when continuous ductal shunt flow was

Fig. 1 Apical four-chamber view of the ventricular septum. This
four-chamber view shows the right side (yellow) and the left side
(green) of the ventricular septum separated by the bright line (arrow).
RV right ventricle, LV left ventricle, LA left atrium
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<Fig. 2 Apical four-chamber view of the ventricular septum, right
ventricular free wall, and global left ventricle. a Longitudinal speckle-
tracking strain imaging of the right side (yellow) and left side (green)
of the ventricular septum. b Right ventricular free wall longitudinal
speckle-tracking strain curve. ¢ Left ventricular longitudinal speckle-
tracking strain curve. Segmental longitudinal strain is graphically
represented by six different color-coded curves, and global longitu-
dinal strain is graphically represented by the white dotted curve

seen from the aorta to the main pulmonary artery. The
foramen ovale was judged patent when left to right atrial
shunt flow was observed.

Statistical analysis

All data are expressed as mean =+ standard deviation (SD)
or median [inter-quartile range] according to the data dis-
tribution unless otherwise indicated. Analysis of variance
with the Tukey correction or Friedman test was performed
for intragroup comparisons by time after birth of each type
of data as appropriate. The ¢ test was used for intergroup
comparisons by site and for comparisons between study
patients and patients in whom measurements could not be
made. To analyze factors associated with echocardio-
graphic measurements, multiple regression analysis was
performed with echocardiographic indices at each time
after birth as the dependent variable, and sex, gestational
age, birth weight, mode of delivery, oxygen administration,
use of nasal directional positive airway pressure (n-DPAP),
and PDA at each time after birth as independent variables.
Conventional echocardiographic measurements affecting
LS were analyzed at each time point of the study. Pearson’s
correlation coefficient was obtained for regional LS values.

The reproducibility of strain measurement was assessed
in 10 randomly selected subjects using Bland—Altman plot
analysis [bias and 95 % limits of agreement and intraclass
correlation coefficient (ICC)]. For intra-observer variabil-
ity, data were analyzed twice, 8 weeks apart. Interobserver
variability was assessed by analyzing data from two sep-
arate observers blinded to each other’s results. Statistical
analysis was performed using SPSS Ver. 20 for Windows
(SPSS, Tokyo, Japan) with a significance level of p < 0.05
(two-sided).

Results

Characteristics of the patients (Table 1)

Eighty-four preterm, low birth weight infants weighing
750-2,499 g were admitted to our hospital during the study

period, and exclusion criteria applied to 49 of them. Of the
remaining 35, measurements could not be made for 14

93

Table 1 Subject characteristics
Variable Value
Number 21
Gestational week 33+£2
Birth weight (g) 1,913 + 213
Male 12 (57)
Reason of delivery

PROM 4 (20)

Premature delivery 7 (33)

Premature separation 1(5)

PIH 29

Fetal distress 3 (15)

TTTS 29

Triplet 29
Mode of delivery

Vaginal delivery 4 (20)

Caesarean section 17 (80)
Apgar score

<7 (1 min) 7 (33)

<7 (5 min) 2(9)
O, administration (FiO, <0.3) 11 (52)
n-DPAP 9 (43)

Values indicate mean + standard deviation or number (%)

PROM premature rupture of the membranes, P/H pregnancy-induced
hypertension, TTTS twin-to-twin transfusion, n-DPAP nasal direc-
tional positive airway pressure

infants because no examiner was present. As a result, the
subjects were 21 infants (12 boys, 9 girls), including two
sets each of twins and triplets. The gestational age of the
subjects was 33 + 2 weeks (range 28-36 weeks), and birth
weight was 1,913 + 213 g (range §99-2,490 g). Eleven of
the 21 subjects were diagnosed with transient tachypnea of
the newborn or apnea of prematurity, and oxygen was
administered (FIO, <0.3) within the incubator or an oxy-
gen hood, and nine subjects received n-DPAP within 72 h
after birth. No apnea attacks occurred during measure-
ments. There were no differences in clinical characteristics
between study patients and the patients in whom mea-
surements could not be made (n = 14).

Changes in heart rate, mean blood pressure,
respiratory rate, and SpO, over time (Fig. 3)

Heart rate decreased significantly from 163 [154—182] bpm
at 1 h to 137 [130-148] bpm at 72 h of age (p < 0.001).
Mean blood pressure increased significantly from 39
[35-45] mmHg at 1 h to 45 [41-51] mmHg at 72 h of age
(p < 0.01). Respiratory rate and SpO, did not change sig-
nificantly during the first 72 h of life.
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