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Background: The number of medical consultations for severe heart failure in pediatric patients has been increas-
ing in all regions in Japan. As a result, high-risk interhospital transport is becoming a more challenging task.
Methods: Forty-two pediatric patients with severe heart failure who were transferred to our hospital between
July 2010 and December 2018 were reviewed. We investigated patient characteristics, type of transport, and out-
comes after transportation, including implantation of a ventricular assist device. We also discuss practical issues
of interhospital transportation in Japan.

Results: The underlying cardiac diseases were dilated cardiomyopathy in 25 patients, restrictive cardiomyop-
athy in 12 patients, and acute myocarditis in 5 patients. Twenty-six patients were transferred by land and 16
patients by air. The continuation of intensive care was mandatory especially in 22 cases (52.3%) with ventilator
and 14 (33.3%) with PCPS. More than 80% of cases required VAD implantation after interhospital transport.
In addition, 8 cases who needed treatment intensification after transportation tend to be younger. Ten patients
underwent heart transplantation, whereas 11 cases were deceased. It is also important to consider appropriate
blood access and to provide sufficient information to family members.

Conclusion: Early interhospital collaboration and transport planning based on a patient’s condition are essen-
tial for the treatment of severe heart failure in pediatric patients. Interhospital transportation should be sup-
ported by a medical team with special experience. To improve the prognosis of severe heart failure in children,
we need to consider further improvement in the management of interhospital medical transport.
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Fig. 1 The number of medical consultations and
transportations on pediatric severe heart
failure after the revision of the Organ
Transplant Law in Japan
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Table 1 Patient characteristics

sex Male: 15, Female: 27
Diagnosis DCM: 25, RCM: 12, Myocarditis: 5
Age at onset 0 days~14 years old
(median: 9 months old)
3 months~14 years old
(median: 4 years and 6 months old)
Height at transport —5.1~+1.4SD
(median: —1.2SD)
-5.1~+1.0SD
(median: —1.65SD)
Time from onset 1 day~13 years
to transport (median: 153 days)
LVDd 80.0~231.4% of Normal
(median: 149.0%)
LVEF (%) 1~66% (median: 22.3%)
LV Tei index 0.1~1.84 (median: 0.52)
Mitral regargitation None: 1, trivial: 9,
mild: 17, moderate: 15,
BNP 34.7~7485.9 pg/mL
(median: 814.25pg/mL)

Age at transport

Wight at transport

DCM: dilated cardiomyopathy, LVDd: left ventricular
end-diastolic diameter, LVEF: left ventricular ejection frac-
tion, RCM: restrictive Cardiomyopathy,
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Fig. 2 The distribution of hospitals from which area pediatric patients with severe heart failure were trans-

ferred to Osaka University Hospital
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Table 2 The types of interhospital transport

Transportation time ~ 0.5~7.0 hours (median: 3.5 hours)

Condition Scheduled 26
Urgent 16
Transporter Local Doctor 29
Our team 6
Together 7
Modality Ambulance 20
Train+Ambulance 6
Commercial airplane 3
Helicopter 7
Medical helicopter 6
( Disaster safety helicopter 1 )

Self Defense forces ICU jet 6
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Table 3 Medical treatment during interhospital
transport

Continuous infusion Transport patient (n=42)

Dobutamine 24 (57.1%)
PDE Il inhibitor 25 (569.5%)
Diuretics 14 (33.3%)
Medication
B blocker 24 (57.1%)
ACE inhibitor 25 (59.5%)
Anti-arrhythmic 9 (21.4%)
Digoxin 5(11.9%)
Other
Pacing 5(11.9%)
Supplemental oxygen 27 (64.3%)
Ventilation/Tracheotomy 22 (52.3%)
PCPS/ECMO 14 (33.3%)
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Table 4 Patient characteristics that require therapy intensification after transportation

Stable group (n=34) Treatment group (n=8) p value
Age 6y7m=5ybm 2y8m=4y2m p=0.0435
Height (SD) -1.61+1.60 —1.49+0.92 p=0.7685
Weight (SD) —1.68+1.51 -1.93+0.84 p=0.4609
Transportation time (hour) 3.45+1.99 3.56+2.23 p=0.8723
Dobutamine civ 19/34 5/8 p»=1.0000
PDE IIl inhibitor civ 21/34 6/8 p=0.6888
Diuretics civ 9/34 5/8 p»=0.0924
Pulmonary Hypertension 17134 6/8 p=0.2585
History of VT/Vf 12/34 3/8 p=1.0000
Supplemental oxygen 20/34 718 p=0.2225
Ventilation/Tracheotomy 16/34 6/8 p=0.2431
PCPS/ECMO 9/34 5/8 p=0.0924
LVEF (%) 26.0+16.3 25.1+20.1 p=0.7246
BNP (pg/mL) 1663.8+2199.8 1592.7+1273.3 p=0.2623

Stable group: no changes in treatment after transportation, Treatment group: requirement of therapy intensification after trans-

portation, civ: continuous intravenous infusion

Table 5 The details of VAD implantation (n=34)

Time from transport
to VAD implantation

1~691 days
(median: 3 days)

Operation Urgent 12
(just after transport)
Scheduled 13
Unscheduled 9
(for acute exacerbation)
Ventricular assist device  Berlin Heart EXCOR 15
HeartWare HVAD 3
EVAHEART 1
Jarvik 2000 3
NIPRO 1
Rota Flow 11(3)
(BiVAD)
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Table 6 Patient characteristics with LVAD implantation by underlying myocardial diseases

DCM (n=19) RCM (n=10) Mpyocarditis (h=5)
Age at onset 0d~13y3m 0d~11y4m 5y0m~13y7m
[median] 7m 2y10m 8yOm
Age at transport 3m~14y3m Ty2m~14y11m ByOm~13y7m
[median] 10m 8y8m 8y0Om
Time from onset to transport (days) 3~3827 61~4532 1~5
[median] 122 1202 3
Time from transport to VAD implantation (days) 1~691 1~200 1
[median] 3 12 1
Height (SD) —4.4~+0.7 —-4.1~-0.6 -1.0~+14
[median] -1.8 -1.5 +0.1
Weight (SD) —4.6~-0.2 —-29~+1.0 —-2.0~+0.7
[median] -1.9 —1.85 +0.3
LVDd (% of Normal) 106~231.4 80~134 72.5~85.3
[median] 167 108.9 81.7
LVEF (%) 3.0~37.8 1.0~66.0 9.0~25.0
[median] 14.9 44.75 12.4
LV Tei index 0.21~1.84 0.15~1.21 0.1~1.48
[median] 0.56 0.37 0.68
Mr=Moderate 9/25 4/12 0/3
BNP (pg/mL) 52.5~7485.9 34.7~996.1 787~6942.4
[median] 2120 621.9 1419.1

Interhospital transport

42
Death 11
(Back transfer 2) VAD implantation Mediacal therapy
34 8
HTx HTx
Domestic 6 Domestic 2
Overseas 4
Extra- Continuous Implantable Medical therapy
corporeal infusion therapy VAD 9
VAD 4 2 (after VAD removal 6)
4 (after VAD removal 1)
Inpatient care 8 Outpatient care 11

Fig. 3 Outcomes of pediatric severe heart failure patients after interhospital transport. HTx: heart trans-

plantation
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6 cases: Transport by ICU-JET
v’ Ventilation

v’ Deep sedation

v' Long distance transport

| S T i
=
3

v’ Continuous inotrope infusion

Zcases: Transport by Helicopter
v" Shortest possible transport time
v’ Continuous inotrope infusion

20 cases:Transport by ambulance

v ECMO
v’ Intensive care

v' Short distance within 2 hours

Fig. 4 Summary of interhospital medical transport

mERBR O BEREHL) 12OV THH07kEt
] & i I ERE IR EE T H - Tz,

z £

2010 FFE O SUENK AL D AT S N7 tk, Wb
ok & WO B THRERZIT ANZIT > Tz 422 fERlIc DN
ThaEt Uz, AN DA EREFI O IENIE 2 5
e dic, Wbtz zEd 2618 HhinEmicd o,
DR 72 5 8D 7o EE DR TR HRIC 3681 B Ji e e
DEFEMEMEL TS,

/NESE O RS OWX /T 2GS % FCHEE
TRA YV MiE, BEDOEFEIRDL, Mechanical circula-
tory support DAL BEEECH L. £ DYH,
PErg CBGaE, #hE) X7dzeg (R 2—\1U, [
EAY, ICUY 2y b)) OFRZITS T EIEDM,
B R DWETEDORISRES) GAEANR—X, AR HE
ISHEME, FIBRA R, Mol & Mokt omt 8
A, BEIEEEE, PRERERD) IOV TR 21TV,
LR DOWEERH 2 T X % 12U 5HE T E 2 WA FERD
BEREHAEDEZEE TS LICES.

EDLE, R 2=V, Hi%ANY, ICU Y v
N DT, BEEANR—R - A REIR RS HAL - [Fl 3k
ANE & & ICHIIRO R E IR EhiaiiktlZ & 5 2 L AVA]
REL7E D, 1M OMRIT A REREED 200~250km &N
THHMNESIWNELEES. BEOHRBIRAICK

D RETLIERAR—ANRZ D, NTHIAERIZ ED
2 FEETEAIHETH % D%, Mechanical circulatory
support (PCPS, ECMO, VAD 7% &) Z%d %5531
ZICU Yz O ZEIET 5. IFHEEKD
MR EETH D, F7Z—="VIIHHEANY R—FT
ERFEEATRETH B, KM 2 e 2 7o DI
AN 2 UTe G BBt w IRy CREARES
UL IEBEHEZ L), ICU Yz w Tl ZEEE2I3A
BRI A5 I B 7o, il & T8 AT D I3 3
SHEZAHTZ I LIcED, ROMALWVS B
KOV TEYIalb—yayhndibixd. MO
B, RIEPRRHIC K DHEITTERVWEENH ST &
LEATHBL. EEMEZLZRATIOOER (N
TRPRE MR A - SEEREA - 1T 3T 2 RO
BINERZ L) EEET L. L, EREALLER
BUEE BBV TV 2 MATEIREZ Wie < ¥ 5 ATREME S &
D, TERHRIBKEHZEAICHEZITS T LZz2h
MFTOBH, FRIORET 42 filHh 8 fillc fiukig o
BgER Lz LIz e b E, Mk K S IEERBIEN
DAMIEH BT SNEV O E LN, A
T, Wok=E1TS 728HD PCPS H AL BI O K X 0
BWEITINEED, KT LEREDRTREND,
FEGIZ I HBERE DR ETH S,

CNE COEELAREE PELENLEE DX
BId28ETIE, FIZ—NVDYRIIR—IRAY
FY EESTS LRI, BEOHEEIXT A

© 2020 Japanese Society of Pediatric Cardiology and Cardiac Surgery



64

WG A2y T ORENEETH 5 L5
TV Y. BeXIc T 2 NBIE, BOXTRICEDA
HBNEICE A ENSMD, Mechanical circulatory
support W& BIGEHICIE, A2 %, Hihh1 %, H
PR IZEHAN 1 % CRERRE NS F— L BN TH 5.
Uh UBSICIE A E TR A 2 T O R 772 S Nk
WEFEHEETHOEIDEZ22VIRNEH D, SO
BO—DTH 5. FIRENNLEFEEOEIRE
TOWE L5728, BRI X D OAREDHETE S % 0]
HEMES®, WOAICRET 5 2 LI SIREEIC R BIGAD
H% T L TORFENOWEE) A7 DFHEHETH
5. WoEhD X &y T OHEBITHT 2 #fifE & FEO—
DTH Y, WoEEBDIRGEOXRERE U TERET NS
HPHIEDLETH D EEZTVS.

SEIOKRFNCBNT, BEEERE, BRNA, X
FER, WoXiREE, WoXWiA g ) X7 ko =
WMl 4 DFEFI TEZRETH - 120, Wk DRz 1 4
EixholzT &I, WH OGN OERROMZE A T2
Sl o B - 1Tz 28 2 3A A TR A G T & E e D
HoOlFERTH B LEZTNS. — )T, WAEZD
FLOMOIEESY, TESND VAD 2357 & Diaginait
PRETH-ERESN T ALY, SHICKDE
WINA ) AT WEED T2 b OEHEDIE D I Z 5T 2 il
MR ENTVS.

POETEBNEAE RIS VAD 2512 E - e DY 8 #)
DL EZEESTED, FFIC VAD 5% O A HEIC X
BHECHINVIz o L EREHATNE, VAD %
WX D OARLZDORENGEENZ KD DICEIHEE WD
REFZVAIZRAZ BT LIRS &I
LTEIZFNERSRY. §BAA VAD EED X
AIVTERLTIEESRWL, AR TG
i Berlin Heart EXCOR MR % K 51275 D REGH
PHERE-> TR EEZZBNTVS Y. —AT, £7
VAD 255572 [a)iiE T & % X 5 T NEHNOAEIEEEZ W
MICITOIDENS T EEEETHD, VAD AR
fE & U7k CEE IR TOWEEIIPIHERRR O bkl
SNETNEERSBRNEEZTWVWS. FDdIdi,
INBEIEODAEOEHICOWT, TXARTEEANS
RN TOIRRE &R IT O h DR R N R E 2 K]
BT ENRETHB.

SR D B VAD 255, BAEICTE S £ TORER
R L TC, NEEE LA EOMRE L EHICHBWNT,
DARIEFIOEERIE - et & /N ERE L
REEROED FHEEZRA VN THBEEZS.
FRBE TR LT NREREOAERERNE, FIEK 02
BRI U, BRSRAAER TS K OVNE MBI T

ARNRBERSBSFRIME £36F F£15

DS RfRE & FIC RO RIREZ ONICHED T
AVEikmd 5 2 &M, WX X TOEHSBHEEX
EzADLTEMEI T > iriciks e Ebns. B
15, HANRIGERER 2D [N ERE ORI R
B ZHFRLTED, FAEER—LRX—YOFMEE
g - MEDLSHOVEDENIEET, FIHOEETH -
THEMHRIFERZ TV 5.

BRIRIC, S OBREHERICIER TE TWERWLDHLD
FifiRL— b DIRIFE EKRO 7 7 DETMEE DOV T H I
HTEHRV, EAERRO ORIV — b2 RS
DMK TH AN, BEICHI 2.0 NRiGE B
BOFHKISIZ EOERZZD T Ty R7 72X L
TOREROIBFIMD TEETHS. JL— MERD
e, NSRRI ARREIRZ M 73 5 K 5
ICBS 5 KD HERENETHS. MWAT, EITKD
B LT R EHICKBEOBHEIFFICKEL L
DTHOEENIDETHD. KRS K > TIWOE R
FEDir < NBEJET %, & L <IGiligl - FEhEin <AL
Wz d 5 L2REEENILENRDS. V—Ty
W — A =I5 LDl )17215 T T & 3 1203 %215
M 25072175 . [RRHCKEERORE Y R—
LHEETHY, BAHAL L IR S A2
LATOREND .

AP IEHOE IS S /N DA IR OB TR
AL TED, SBE/NIEELEEZTDZIT AN
2179 F TR OLETHRTAFED ZHIEL TV E
Tz,

FEHER
INRTOFEBEHIRT N ZHEEA TR,

51 FSCER

1) NEEROBMHICEIT 275 dub FK21E7 A 17 H CF
B 214 JEFRES 83 45)

2) /NP ORR C  EEOARRISHT BB ORI OB
IR, H/ANRIEERZ SRS 20115 27: 111-117

3) RIGEH : RZZ—"NYDY AT Z—Y A k. ICU
& CCU 2012; 36: 597-602

4) WL &, T, TEAE D SELAREREOFM
FMTORSEENY 37 2 —I12 & % WokfeE. wo g
1999; 26: 62-65

5) TrN—EBR, SRR, FIR 8 Eh DD 8
IR ESE O 2 KE TR B TIER X LTz 1 6.
HRGEIE 255 2012; 23: 856-860

6) /NEF ER ANRAREI AN TOME O BIR & NEE
2016; 57: 1361-1367



http://dx.doi.org/10.3893/jjaam.23.856
http://dx.doi.org/10.3893/jjaam.23.856
http://dx.doi.org/10.3893/jjaam.23.856

