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Tele-echocardiography in Neonates Using Broadband Internet Access
Ken-ichi Kurosaki,” Masanao Kitano,” Ken Watanabe,” AyaMiyazaki,” Satoshi Y azaki,”
Etsuko Tsuda,” Hideo Ohuchi,” Osamu Y amada,” Shin-ichi Ohtsuki,? and Shigeyuki Echigo”

YDepartment of Pediatric Cardiology, National Cardiovascular Center, Osaka, ?Department of Pediatrics, Okayama University
Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan

Background: Live transmission of echocardiograms can provide real-time diagnoses to neonatal facilities without in-house
pediatric cardiologists. The purpose of this study was to confirm the feasibility and usefulness of tele-echocardiography using
broadband I nternet access in neonates suspected of having congenital heart disease.

Methods: The remote neonatal facility established broadband Internet access to our national cardiovascular center. The tele-
echocardiographic system used consists of ALOKA SSD-alphalO and REINS gate software. Pediatric cardiologistsin our cen-
ter interpreted the neonatal tele-echocardiograms in real time, and the diagnoses, with recommendations, were immediately
communicated to attending physicians.

Results: Eight neonatal studies were performed from January to May 2007. They were suspected of having congenital heart
defects because of heart murmur and/or cyanosis. The quality of transmitted echocardiographic images was excellent for
evaluation. All of them were identified as having congenital heart anomalies by tele-echocardiography. Two neonates required
urgent transfer to our center for specialist care and surgery. Another 6 neonates had significant cardiac lesions and were
recommended for elective transfer at appropriate times. In all cases, the remote echocardiographic diagnosis was correct, as
confirmed by follow-up face-to-face consultations.

Conclusion: Transmitted images of real-time neonatal echocardiograms using broadband Internet access were of excellent
quality, allowing accurate diagnoses with recommendations.
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Fig. 1 Horizontal views of two-dimensional echocardiogram in a neonate with ventricular septal defect.
BCV: brachiocephalic vein, BCA: brachiocephalic artery, LCA: left common carotid artery, LSA: left subclavian artery, SVC: superior
venacava, Arch: aortic arch, Ao: aorta, PA: pulmonary artery, RA: right atrium, LA: left atrium, AV: aortic valve, RVO: right ventricular
outflow tract, LVO: left ventricular outflow tract, RV: right ventricle, LV: left ventricle, PV: pulmonary vein, IVC: inferior vena cava, CS:
coronary sinus
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Table 1 Packet loss at tests of tele-echocardiography

Test 1: 609 seconds Test 2: 788 seconds Test 3: 723 seconds
Received packets (per second)
Mean 2,821 2,820 2,820
Standard deviation 40 21 19
Median 2,820 2,820 2,820
Minimum 2,726 2,726 2,726
Maximum 3,616 2,910 2,882
Packet loss (per second)
Mean 0.32 1.78 1.42
Standard deviation 1.11 6.04 4.70
Median 0 0 0
Minimum 0 0 0
Maximum 16 88 54

Table 2 Patient characteristics

Case Body_ weight at Gest_ational age at _Age a@ tele- Indication for tele- Down syndrome Asphyxia
birth (g) birth (week) diagnosis (day) echocardiography neonatorum
1 2,815 39 5 Heart murmur, Cyanosis yes no
2 2,240 39 2 Cyanosis yes yes
3 3,244 41 2 Heart murmur, Tachypnea no no
4 2,298 41 3 Heart murmur, Cyanosis no no
5 2,992 39 2 Heart murmur, Cyanosis no no
6 1,986 37 3 Heart murmur yes yes
7 2,770 37 3 Heart murmur yes no
8 2,870 40 1 Cyanosis no no

Table 3 Packet loss at tele-echocardiography of case 4

Required time for diagnosis (second)
Received packets (per second)
Mean
Standard deviation
Median
Minimum
Maximum
Packet loss (per second)
Mean
Standard deviation
Median
Minimum
Maximum

729

2,820

31
2,820
2,643
3,088
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8.1
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Fig. 2 Horizontal views of two-dimensional tele-echocardiogram in case 5.
BCV: brachiocephalic vein, BCA: brachiocephalic artery, Arch: aortic arch, Ao: aorta, PA: pulmo-
nary artery, RA: right atrium, LA: left atrium, RV: right ventricle, LV: left ventricle, IVC: inferior

venacava
Table 4 Tele-diagnosis and recommendations
Recommendation

Case Tele-diagnosis :

Managemgnt n CIV of PGE: Transfer
room air

1 TOF no no Elective
2 CAVC(C), PDA, PH yes no Elective
3 CoA, VSD, PDA, PFO, PH yes yes Urgent
4 DORV(subaortic VSD), infundibular PS, PLSVC to CS no no Elective
5 AVD, DORYV, VSD, ASD, PS no no Elective
6 CAVC(C), PDA, PH yes no Elective
7 VSD, PFO, PH yes no Elective
8 cPS, PDA, PFO, PH yes yes Urgent

CIV: continuous intravenous infusion, PGE;: prostaglandin E1, TOF: tetralogy of Fallot, CAVC: common atrioventricular canal, PDA: patent duc-
tus arteriosus, PH: pulmonary hypertension, CoA: coarctation of aorta, VSD: ventricular septal defect, PFO: patent foramen ovale, DORV: double-
outlet right ventricle, PS: pulmonary stenosis, PLSV C: patent left superior vena cava, CS: coronary sinus, AVD: atrioventricular discordance, ASD:

atrial septal defect, cPS: critical PS
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Table 5 Definitive diagnosis and discrepancy

Age at definitive

Case diagnosis (day) Definitive diagnosis Discrepancy between tele-diagnosis and definitive diagnosis
1 17 TOF, AORSCA AORSCA missed
2 CAVC(C), PH Ductus arteriosus closed at definitive diagnosis
3 CoA, VSD, PDA, PFO, PH None
4 TOF, PLSVC to CS Continuity between AV and MV missed
5 AVD, DORYV, VSD, ASD, PS None
6 20 CAVC(C), PDA, PH None
7 7 VSD, PFO, PH None
8 2 cPS, PDA, PFO, PH None

TOF: tetralogy of Fallot, AORSCA: aberrant origin of right subclavian artery, CAVC: common atrioventricular canal, PH: pulmonary hyperten-
sion, CoA: coarctation of aorta, VSD: ventricular septal defect, PDA: patent ductus arteriosus, PFO: patent foramen ovale, DORV: double-outlet
right ventricle, PLSVC: patent left superior vena cava, CS: coronary sinus, AVD: atrioventricular discordance, ASD: atrial septal defect, PS: pul-

monary stenosis, AV: aortic valve, MV: mitral valve, cPS: critical PS
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