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Problem Providing health care for children with congenital heart diseases remains a major challenge in low- and middle-income countries.
Approach In October 2011, the Government of Parafba, Brazil, established a paediatric cardiology network in partnership with the
nongovernmental organization Circulo do Coragdo. A cardiology team supervised all network activities, using the Internet to keep in
contact with remote health facilities. The network developed protocols for screening heart defects. Echocardiograms were performed by
physicians under direct online supervision of a cardiologist; alternatively, a video recording of the examination was subsequently reviewed
by a cardiologist. Cardiovascular surgeons came to a paediatric hospital in the state capital once a week to perform heart surgeries.

Local setting Until 2011, the State of Paraiba had no structured programme to care for children with heart disease. This often resulted in
missed or late diagnosis, with adverse health consequences for the children.

Relevant changes From 2012 to 2014, 73 751 babies were screened for heart defects and 857 abnormalities were identified. Detection of
congenital heart diseases increased from 4.09 to 11.62 per 1000 live births (P < 0.001). Over 6000 consultations and echocardiograms were
supervised via the Internet. Time to diagnosis, transfers and hospital stays were greatly reduced. A total of 330 operations were carried out
with 6.7% (22/330) mortality.

Lessons learnt Access to an echocardiography machine with remote supervision by a cardiologist improves the detection of congenital
heart disease by neonatologists; virtual outpatient clinics facilitate clinical management; the use of Internet technology with simple screening
techniques allows resources to be allocated more efficiently.

Abstracts in , 13, Francais, Pycckuin and Espaiol at the end of each article.
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Introduction

Caring for children with heart defects remains a challenge
worldwide.! In developing countries, diagnoses are often
late due to the lack of screening programmes and trained
personnel.” The problem is worsened by limited availability
of hospital beds and the remoteness of rural communities
from main urban centres where paediatric cardiology spe-
cialists are available.® Brazil faces all of these challenges,
particularly in its poorest areas, the north and north-east
parts of the country.*

Local setting

The State of Paraiba, located in north-east Brazil, has 3.7 mil-
lion inhabitants. Around 70% of the children are cared for
by the public health system; many live in rural areas and
most come from very poor backgrounds. As there were
no established paediatric cardiology facilities in Paraiba,
children had to be referred outside the state for diagnosis
and treatment. One of the main referral centres is located
in the city of Recife, in the neighbouring state, Pernambuco
(Fig. 1). Children were referred from towns and villages as
far as 500 km from Recife; many arrived after along time on
a waiting list, with consequent deterioration of their clinical
condition and some children died before being seen by the
specialist.’

Approach

The need to improve this situation was evident and with scant
existing resources and personnel, a novel solution had to be
devised. Over the last two decades, telemedicine has proved
to be an efficient tool for many point-of-care health applica-
tions.”® In October 2011, a partnership programme was es-
tablished between the Health Secretary of Paraiba and Circulo
do Coragao, a nongovernmental organization from Recife.

We conducted a review of routinely collected data” on
birth and death rates, socioeconomic conditions and the
prevalence of heart defects in children living in Paraiba, from
January 2001 to December 2011. Two initial priorities were
defined: the establishment of a neonatal screening programme
for the whole state and a hospital facility designated to man-
age patients.

Network structure

Initially, the 12 largest public maternity centres in the state
were selected, together with one paediatric hospital. Centres
were divided into three levels (designated I to III). All centres
received tablet computers and pulse oximeters (level I); three
maternity units also received a portable echocardiography
machine (level IT) and the paediatric hospital in the capital city
of Paraiba State was equipped as a cardiology centre (level III).
In 2014, further health centres were included in the network
and training and consultation were expanded to include
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all aspects of perinatology (Fig. 1). A
website was developed (https://www.
circulodocoracao.com.br/sites/circor/
en) and teleconference software was
acquired. Three online clinics were
established. Their purpose was to allow
local paediatricians to examine children
with heart defects with guidance from
paediatric cardiologists via the Internet.
These sessions aimed to reduce travel
costs and provide a closer follow-up of
children by the network.

A cardiology team was on-call 24
hours per day to supervise all network ac-
tivities. The team consisted of 7 cardiolo-
gists, 3 residents and 4 staff (located in Re-
cife). Three were specialized in paediatric
echocardiography. The cardiology team
performed daily rounds in all neonatal
units from the participating sites, main-
tained intensive care unit supervision and
organized teaching sessions, clinical and
surgical meetings. A new perinatology
team (with 13 neonatologists) joined the
network in 2014. The perinatology team
was mostly involved in teaching and see-
ing patients within the maternity centres.
The health professionals were paid for the
additional on call time - approximately
2000 United States dollars (US$) per
month (exchange rate of 3 Brazilian Real
to US$ 1) - by Circulo do Coragao with
funds from the Government of Paraiba.

Protocol development

Four initial protocols were developed by
Circulo do Coragéo: (i) a training proto-
col, to explain the use of all equipment
and software; (ii) a focused clinical ex-
amination protocol, to remind clinicians
about the details of neonatal cardiology
examination before discharge; (iii) a pro-
tocol for pulse oximetry testing of all ba-
bies born after 34-weeks gestation, based
on guidelines published at the time®; and
(iv) a screening echocardiogram protocol
for neonatologists, which included three
two-dimensional anatomical views and
colour flow Doppler imaging.” Members
from all units were invited to participate
in training sessions to learn and adhere
to protocols. Each centre appointed three
coordinators (one physician, one nurse
and one computer support person) to re-
portresults and problems to the reference
centre. The training protocol included
an initial eight hour course followed by
online sessions for all team members.

Screening tests

Indications for screening echocardio-
grams were either an abnormal clinical

examination or pulse oximetry, defined
as an oxygen saturation <95% or a dif-
ference in saturation greater than 2%
between the right hand and one foot."
Abnormal pulse oximetry results were
automatically noted on a database, al-
lowing the network to contact the clinic
and request that they follow up any
babies discharged home with abnormal
test results. This active search protocol
tracked over 80% (59 013/73 751) of the
discharged neonates and ensured that
abnormal findings were acted on.

Echocardiograms were done by
neonatologists under direct online su-
pervision by paediatric cardiologists,
or a video recording of the examination
was stored and forwarded together with
the neonatologist’s initial diagnostic
impression. Paediatric cardiologists re-
viewed and reported on the videos, with
advice on clinical management, within
one day. Virtual outpatient sessions,
ward rounds and other meetings were
also scheduled to provide a full range of
interactions between the health workers
in rural areas and smaller municipalities
in Parajba and the paediatric cardiolo-
gists at the reference centre.

Surgeons and anaesthetists from
Recife agreed to travel to the paediatric
hospital in Jodo Pessoa, the capital city
of Paraiba, once a week, to perform
heart surgery. The more complex cases,
however, were referred to Recife.

Technical specifications

Internet connections were unreliable
for some health centres. To overcome
this problem, tablet computers with
third generation mobile wireless Inter-
net connections were distributed to all
centres. Webex teleconference software
(WebEx Communications Inc., Milpitas,
California) was acquired to provide se-
cure communication over the Internet.
Online meetings were held each day,
among all centres, using existing tablets
or laptop computers. Echocardiogram
images were either directly acquired
from the echocardiogram screens or
stored and subsequently uploaded to
the website.

Relevant changes

In total, 76 374 patients were seen
from January 2012 to December 2014.
This included 190 pregnant women
(0.2%); 73751 neonates (96.6%) and
2433 older children (3.2%) with a
mean age of 3.04+3.77 years, (range:
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30 days to 17.5 years). This represents
approximately 80% (73751/91615) of
the target population (neonates with
34 or more weeks of gestational age in
the participant centres) and over 60%
(73751/120484) of all births in the
public health system in the state. There
were 1320 abnormal pulse oximetry tests
and 1067 abnormal findings on clinical
examination of the cardiovascular sys-
tem; in 77 cases, both pulse oximetry
and clinical examination were abnormal.

Initially, all echocardiograms were
done with online supervision by the
paediatric cardiologist, as part of the
neonatologists’ training. After perform-
ing about 100 examinations, the quality
of images obtained became significantly
better and the operators were more con-
fident. At this point, the cardiologists
waited for requests for direct online
supervision, which dropped progres-
sively until being sought only when
pathological findings were suspected.
As there are always new neonatologists
being trained, this learning process and
interaction between teams is a continu-
ous cycle.

There were 1815 screening echo-
cardiogram tests done, of which 848
were abnormal, 957 were normal and
10 were inconclusive. However, 2310
children had indications for a screening
echocardiogram. The difference, 495,
was mainly due to false-positive oxim-
etry results early in the development of
the network. If an echocardiogram was
inconclusive, the diagnosis was subse-
quently established by echocardiography
done by a paediatric cardiologist. From
the abnormal and inconclusive echo-
cardiograms, 857 demonstrated con-
genital heart disease (11.62 per 1000 live
births). Neither a patent foramen ovale
nor an isolated, small, arterial duct was
considered a congenital heart defect.
However, a clinically significant patent
ductus arteriosus was included, coded as
transitional circulation. The prevalence
of eight major congenital heart defects
before and after the introduction of the
cardiology network is compared with
previously published data in Table 1.'%"2

In the five online clinics supervised
by the cardiologists in the network,
1092 patients had over 6000 consulta-
tions and echocardiograms. A total of
330 operations were done; 285 in Jodo
Pessoa and 45 in the referral centre in
Recife. There were 30 neonates (9.1%),
65 infants (19.7%), 78 toddlers (23.6%)
and 157 older children (47.6%). The
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Table 1. Birth prevalence of the most common subtypes of congential heart disease for major country groups (1970-2010) and for
Paraiba, Brazil (2001-2011 and 2012-2014)

Type of defect Prevalence of defect per 1000 births P

Africa Asia Europe North Oceania South Paraiba, Brazil

Rlletcs America 90012011 2012-2012°

Atrial septal defect 0.35 1.71 1.66 1.71 047 0.70 0.17 1.19 <0.01
Ventricular septal 1.40 247 2.71 242 2.56 1.86 0.71 3.62 <0.01
defect
Patent ductus 045 0.67 0.94 0.50 045 0.40 1.10 453 <0.01
arteriosus
Pulmonary stenosis 0.28 0.68 0.50 041 040 0.36 0.27 0.26 0.96
Tetralogy of fallot NR 042 033 034 031 037 0.18 0.21 0.83
Coarctation of the 0.06 0.20 0.34 0.30 0.60 0.30 NR 0.17 <0.01
aorta
Transposition of 0.67 0.18 0.34 0.25 0.38 0.19 0.13 0.21 0.34
great arteries
Aortic stenosis NR 0.08 0.25 0.18 0.18 0.08 0.03 0.04 0.90

@ Period before implementation of the paediatric cardiology network.

® Period after implementation of the paediatric cardiology network.

¢ P-value of the comparison between Paraiba 2001-2011 and Paraiba 2012-2014.
Data sources: Christianson et al."" and van der Linde et al.””

overall mortality of 6.7% (22/330) was
within the expected range for developing
programmes. Mortality risk was related
to surgical complexity and clinical con-
dition according to Rach’s score’” and a
post-operative index." Time between
birth and diagnosis was less than three
days in most cases, with a maximum of
647 days (due to the late clinical pre-
sentation of milder forms of congenital
heart disease). Hospital transfers as well
as hospitalization periods were reduced
as children did not have to wait to be
transferred for echocardiagrams and
operations. The virtual clinics were used
to facilitate local follow-up for most
patients. There were no cases of medical
litigation involving the management of
children with congenital heart disease.
The total cost for establishing and
operating the network was US$ 1.2 mil-
lion in the first year. With the expansion
to a total of 21 centres and perinatol-
ogy services in 2014, the annual cost
increased to US$ 2.0 million. A more
detailed study of the economic impact,
including the impact of perinatology

services, is being conducted. The initial
impact of cardiology services was esti-
mated in comparison with the number
of patient transfers outside the north-
east area, detection rates for congenital
heart defects and litigation costs (details
are available from the corresponding
author).

Lessons learnt

Several problems were encountered dur-
ing development of the network, includ-
ing inadequate equipment, overloaded
clinical settings and local changes in
nursing staff with insufficient training of
new members of staff. The wide range of
health workers using the new technolo-
gies was another problem. Local training
on the equipment was therefore done on
a regular basis in addition to the online
training. Access to an echocardiogra-
phy machine by neonatologists with
direct online supervision was the most
important factor leading to improved
diagnosis of congenital heart disease
(Box 1). This screening model is similar

Box 1. Summary of main lessons learnt

Access to echocardiograph facilities with online supervision improves the detection of

congenital heart disease in this rural setting.

Online outpatient clinics facilitate clinical management.
The combination of simple screening techniques and diagnostic technology allows resources

to be allocated more efficiently.
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to others,'>' but its impact was probably
greater, due to the previous lack of pae-
diatric cardiologists in this population.

Clinical care for the children was
a big challenge. Online outpatient clin-
ics were a major facilitator of clinical
management, by reducing the need for
transportation, empowering local physi-
cians and involving other professionals
in patient care. However, children re-
quiring surgery had to enter waiting lists
to be directed either to the paediatric
hospital in the state capital or to Recife.
In conclusion, through both live and
online collaborative work, local profes-
sionals were able to screen, diagnose
and treat children with congenital heart
disease from remote areas. l
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Résumé

Réseau de télémédecine offrant des services de cardiologie pédiatrique a distance dans le nord-est du Brésil

Probléme Offrir une couverture médicale aux enfants atteints de
cardiopathies congénitales reste un probléme majeur dans les pays a
revenu faible et intermédiaire.

Approche En octobre 2011, le gouvernement de |'Etat de Paraiba, au
Brésil, a mis en place un réseau de cardiologie pédiatrique en partenariat
avec l'organisation non gouvernementale Circulo do Coracdo. Une
équipe de cardiologie a supervisé toutes les activités du réseau, en restant
en contact avec les établissements de santé distants grace a Internet. Le
réseau a mis au point des protocoles pour détecter les malformations
cardiaques. Des médecins ont réalisé des échocardiogrammes sous
la supervision directe en ligne d'un cardiologue; dans d'autres cas,
un cardiologue a visionné l'enregistrement vidéo des examens. Des
chirurgiens cardiovasculaires se sont rendus une fois par semaine dans

un hopital pédiatrique de la capitale de I'Etat afin de pratiquer des
interventions de chirurgie cardiaque.

Environnement local Jusquen 2011, I'Etat de Paraiba n'avait pas
de programme structuré de prise en charge des enfants atteints de
cardiopathies. Cela entrainait souvent des diagnostics erronés ou tardifs,
qui avaient des conséquences négatives sur la santé des enfants.
Changements significatifs De 2012 a 2014, 73 751 bébés ont fait
l'objet d'un examen visant a détecter des malformations cardiaques;
957 ont été découvertes. La détection de cardiopathies congénitales
est passée de 4,09 a 11,62 pour 1000 naissances vivantes
(P<0,001). Plus de 6000 consultations et échocardiogrammes ont
été supervisés via Internet. Les délais de diagnostic, les transferts
et les séjours a I'nopital ont été fortement réduits. Un total de
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330 opérations a été pratiqué, avec un taux de mortalité de 6,7%
(22/330).

Lecons tirées L'accés a un échocardiographe avec supervision a
distance par un cardiologue améliore la détection des cardiopathies

Sandra da Silva Mattos et al.

congénitales parles néonatologistes; les cliniques ambulatoires virtuelles
facilitent la prise en charge clinique; I'utilisation d'Internet associée a des
techniques de détection simples permet une affectation plus efficace
des ressources.

Pesiome

CeTb TenemegMUVHbI ANA AUCTAHLMOHHOIO OKa3aHUA YCNYT AETCKOro KapAnonora B CeBepo-BOCTOUHbIX

pernoHax bpasunun

Mpo6nema ObecneyeHvie MearKO-CaHUTaPHOrO OOCITYKMBAHWA A1
JeTein C BPOXAEHHbIMY 3a00MeBaHMAMM cepfilia OCTAeTCs OfHOM
13 Cepbe3HbIxX MPobnem B CTPaHax C HU3KUM 1 CPeHIM YPOBHEM
noxoAa.

Mopgxop B okTabpe 2011 roga NpaBWTenbCTBO WTaTa
Mapawba, bpa3unua, co3nano ceTb AETCKOM Kapanmonormm s
COTPYAHMYECTBE C HEMPABUTENbCTBEHHOW OpraHmM3aumnen
Circulo do Coragao. pynna kapAanonoros ocyllecTsnana
Haf30p Haj BCeW AeATeNbHOCTbIO CeTW, UCMOoNb3ys VHTepHeT
ONA CBA3M C OTAANEHHbIMU NeyebHbiMK yupexaeHnamm. CeTb
pa3paboTana npPOTOKOIbI AJ1A BEIABNEHWSA HAPYLLIEHVA CEPAEUHON
NeATeNnbHOCTW. Bpaun BbIMOMHANM 3XoKapanorpaduio nog
HenoCcpeACTBEHHbIM KOHTPONEM KapAMONOroB B PEXMME OHMANH;
B KauyecTBe afibTeEPHATMBbI BeNach BMAE03aMnCh 06CNeaoBaHus,
KOTOPYIO 3aTeM NPOCMaTpMBan Kapanonor. Pa3 B Hepento ana
npoBeneHNsA onepaumnii Ha cepaLe B neanaTpudeckyto 60nbHNULY
CTONMUBI WUTaTa NpMUe3Xanu Bpaun, cneumnanmsnpyowmnecs Ha
CepLeYHO-COCYANCTON XUPYPIUN.

MectHble ycnosua [lo 2011 roga B wrate [apavba oTcyTcTBOBana
CTPYKTYPUPOBaHHadA NporpamMma feveHnsa aetel ¢ 3abonesaHvamim
cepAaua. V3-3a 3T0ro AMarHo3 pebeHKy 4acTto He CTaBUACA UK

CTaBUCA C OMO3daHNeM, YTO MPUBOAUIO K HeONaronpuaTHbIM
nocneacTBUAM 1A €ro 3MOPOBbA.

OcyuwiecTBneHHble nepemeHbl B neproa ¢ 2012 no 2014 rog
6610 NposefeHo obcneaoBaHre 73 751 pebeHKa C Lenblo
BbiABNeHMA 3aboneBaHNin cepala, B pesynbraTe KOTOPOro
6610 06HaPY*eHO 957 OTKNOHeHW. KonmnyecTBo BbiABIEHHbBIX
BPOXAEeHHbIX 3aboneBaHNin cepaua Bblpocno ¢ 4,09 no 11,62
Ha 1 000 xmBopoxaeHHbIX MaaaeHLes (P < 0,001). C nomolbto
MHTepHeTa bbin0 NposeaeHo bonee 6000 KOHCYBTaLUWIA 1 NpoLieayp
axoKapguorpaduv nog HabnogeHvem cneunannctos. Bpema
MOCTAHOBKM AMArHO3a, KONMMYeCcTBO NepemelleHnin naLunMeHToB v
Bpems VX NpebbiBaHMA B O0MbHULE 3HAYUTENBHO COKPATUINCh.
B obuein cnoxHocTn 6bino nposefeHo 330 onepaumii, npuyem
YPOBEHb CMEPTHOCTM COCTaBNA 6,7% (22 cnyyada u3 330).

BbiBoAbl BO3MOXHOCTb MCMOMb30BaHWA 3XOKapanorpada
npW OUCTaHUMOHHOW KOHCYNbTauuu Kapanoaora no3sonder
HEOHaTOsOraM BbIABKTL OOMbLUE BPOXAEHHbIX 3a00neBaHNl CepaLa;
BMPTYanbHble aMbynaTopuin COAENCTBYIOT KIMHMYECKOMY NIeUeHNIo;
MCMOMb30BaHNE NHTEPHET-TEXHOMOMMIM B COYETAHUM C NMPOCTLIMM
MEeTOAVKaMU CKPUHMHIOBOrO obcnefoBaHmA nossonaet bonee
3GPeKTVBHO pacnpefenaTb pecypchl.

Resumen

Una red de telemedicina para los servicios de cardiologia pediatrica remotos en el noreste de Brasil

Problema Proporcionar atencién sanitaria a los niflos con cardiopatfas
congénitas sigue siendo uno de los principales desafios en los paises
de ingresos bajos y medios.

Enfoque En octubre de 2011, el Gobierno de Paraiba, Brasil, establecid
una red de cardiologfa pedidtrica en asociacion con la organizacion
no gubernamental Circulo do Coracéo. Un equipo de cardiologia
supervisé todas las actividades de la red mediante el uso de Internet
para mantenerse en contacto con los centros sanitarios remotos. La
red desarrollé protocolos para revisar defectos cardiacos. Los médicos
llevaron a cabo ecocardiogramas bajo la directa supervision online por
parte de un cardiélogo; como alternativa, un cardiélogo podia revisar
la grabacion del examen posteriormente. Los cirujanos cardiovasculares
acudfan al hospital pediatrico de la capital una vez por semana para
llevar a cabo cirugfas cardiacas.

Marco regional Hasta 2011, el Estado de Parafba no contaba con
un programa estructurado para tratar a los nifios con enfermedades

cardfacas. Esto se traducia en diagndsticos erréneos o tardios, con
consecuencias adversas en la salud de los nifios.

Cambios importantes De 2012 a 2014, se examinaron 73.751 bebés
en busca de defectos cardiacos y se identificaron 957 anomalias. La
deteccién de enfermedades cardiacas congénitas subié de 4,09 a
11,62 por cada 1.000 nacimientos (P<0,001). Se supervisaron mas de
6.000 consultas y ecocardiogramas a través de Internet. Se redujeron
considerablemente los tiempos de diagndstico, traslado y estancias
hospitalarias. Se llevaron a cabo 330 operaciones con un 6,7% (22/330)
de mortalidad.

Lecciones aprendidas El acceso a una maquina de ecocardiogramas
con supervision remota por parte de un cardiélogo mejora la deteccion
de enfermedades cardfacas congénitas por parte de neonatélogos;
las clinicas ambulatorias virtuales facilitan la gestion clinica; el uso de
Internet con simples técnicas de revision permite que los recursos se
distribuyan con mayor eficacia.
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