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PAEDIATRIC CARDIOLOGISTS TEND TO BE BASED IN

university hospitals located in large cities. Chil-
dren needing non-urgent cardiac assessment,

and living outside of those cities may be obliged to

wait long periods of time before being seen in an
outreach clinic, or may be required to travel great
distances to reach the closest university centre for a
routine cardiac evaluation. Furthermore, urgent con-
sultations often require transfer to a university centre,
sometimes being transferred by air. Without a clear
diagnosis, the timing of these transfers may be sub-
optimal, and transfers may occur prior to initiating
appropriate and potentially life-saving therapy.

Telehealth has been viewed as a potential tool 
for overcoming the problems related to access to 
subspecialty care. Although there exist several publi-
cations dealing with telehealth and its application for
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Abstract The implementation committee of the Quebec Child Telehealth Network was formed in 1997, with
a mandate to build a network dedicated to the diagnosis of congenital cardiac disease via telemedicine. We
devised criterions for selection to determine which peripheral centres would be linked by telemedicine to the
university-based services for paediatric cardiology provided in the Canadian Province of Quebec. The criterions
included: distance from a university centre, number of births per year, and presence of an already-established
outreach clinic for paediatric cardiology. The Quebec Network became operational in 2000, and was composed
of 32 peripheral centres and 4 university centres. A total of 363 transmissions of echocardiograms occurred over
a 3-year period from January 2000 to December 2002. Peripheral centres located at a distance greater than 100
kilometres from a university centre were 8.5 times more likely to use the network. Criterions other than dis-
tance did not influence whether or not a peripheral centre used the network. Cardiac abnormalities were iden-
tified in almost two-thirds of the transmissions. The use of the Quebec Network resulted in the avoidance of
transfers or clinic visits to university hospitals in seven-tenths of cases. We conclude that distance greater than
100 kilometres from a centre offering subspecialty services in paediatric cardiology is the most important cri-
terion for choosing the peripheral centres that are most likely to use a telehealth network. In its first three years
of operation, the telehealth network had a major impact on the delivery of paediatric cardiac care, improving
access to subspecialty services across the province.
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paediatric cardiology, most address issues pertaining
to technical aspects or describe results of already
established networks.1–6 Finley et al.7 published one
of the first reports of echocardiographic transmissions
using telephone lines and showed that this diagnostic
method is feasible, accurate and cost-effective. To our
knowledge, however, little information exists regard-
ing guidelines for the implementation of a tele-
cardiology network, particularly with respect to the
selection of centres to be linked within this network.

Under the leadership of Alain Cloutier, the Quebec
Child Telehealth Network, known simply as the
Quebec Network, was formed in 1997 with a view
to facilitate access to paediatric cardiologic expertise
throughout the Province of Quebec, Canada. The
Quebec Network became operational in January 2000.
The objectives of this study were to examine the crite-
rions selected for choosing the peripheral centres that
would participate in the network, and to report the
clinical impact of telecardiology 3 years after its
implementation in Canada’s geographically largest
province.

Materials and methods

Demographics
The province of Quebec has a population of over 7.3
million distributed unevenly over an area of 1.5 mil-
lion square kilometres. There are 17 paediatric car-
diologists practising within the province. All of
these specialists are based in 4 university hospitals 
in 3 different cities, namely Montreal, Quebec City,
and Sherbrooke.

Organization and financing
The Quebec Network committee was composed of 2
representatives, one paediatric cardiologist and one
administrator, from each of the 4 university hospital
centres that offer services in paediatric cardiology in
the province. The Quebec Provincial Ministry of
Health, responsible for the single-payer health system
of the province, allocated a total of 4 million Canadian
dollars to purchase necessary equipment for each cen-
tre, and to support the project. This budget allowed
for the establishment of a provincial network composed
of 4 university centres, and 32 regional centres.

The intranet cost of transmissions was covered by
the yearly fee levied on all hospital centres, whether
or not they participated in the Quebec Network, for
access to the provincial Health Ministry intranet
platform. Thus, hospitals joining the Quebec Network
did not incur additional intranet fees. The Quebec
Health Ministry agreed that paediatric cardiologists
could charge a specific telemedicine consultation fee
for each transmission received, while the referring

physician, if applicable, could charge a standard fee
for the performance of an echocardiogram.

Eligibility
The Quebec Network committee established three
minimal requirements for peripheral centres to be
eligible to participate in the network. Firstly, periph-
eral centres could only be selected if they owned and
could operate an ultrasound machine capable of doing
echocardiograms for transmission to the university
centre. Secondly, the ability to access the secure
intranet of the Quebec Ministry of Health, the Réseau
de télécommunications Sociosanitaire, was manda-
tory. Lastly, the presence of a newborn nursery was
considered essential. Because the clinical impact of
significant congenital heart disease is observed most
acutely in the newborn period, it was felt by the
committee that newborns would derive the greatest
benefit from access to telemedicine.

Criterions for selection
The list of 73 peripheral centres fulfilling the require-
ments for selection was drawn up, and centres were
ranked according to the following three criterions:

� Absolute number of births per centre: a higher rank was
given to centres with the greatest absolute number
of births per year. The committee believed that,
with a fixed incidence of congenital heart disease,
larger nurseries would treat more newborns with
significant heart defects, and thus, would be more
likely to use the Quebec Network.

� Distance from a university centre: peripheral centres
were given a higher rank the further the distance
from the closest university centre. It was felt that
access to subspecialty care, and transfer to univer-
sity centres, was more difficult and costly for more
remote centres, and that consequently these cen-
tres would benefit relatively more from easier
access to subspecialty care through telemedicine.

� Previously established outreach clinics: a higher rank
was given to centres with already-established
outreach clinics for paediatric cardiology. It was
assumed that those peripheral centres with such
outreach clinics would be most likely to use the
telehealth system because of a pre-existing rapport
between the physicians practising in those centres
and the university-based cardiologist, and because
the outreach clinics are presumably established in
centres where there is a need for paediatric cardi-
ologic services.

On this basis, we selected the 32 peripheral centres
with the highest ranking to form, in addition to the
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4 university centres, the Quebec Child Telehealth
Network.

Technology
The Quebec Network used the platform of an
already-established public health telecommunications
network, the Réseau de télécommunications sociosanitaire.
The réseau is a large intranet-type structure using
integrated service digital network lines for transmis-
sions at 448 or 512 kilobits per second employing an
H.323 protocol.

All of the Quebec Network centres were equipped
with a CODEC (Cifra Medical SDX 300, Quebec
City, Canada) to which a local echocardiogram machine
and/or recorder/monitor could be attached, as well as
a small camera which allowed for two-way audio and
video communication between the referring and con-
sulting centres. Centres were also provided with soft-
ware (CifraView for Windows™, Quebec City, Canada)
for viewing transmitted radiologic films. The budget
for the establishment of the network did not cover
the costs of buying or maintaining echocardiographic
equipment, which varied in model from centre to
centre.

Implementation
After selecting the 32 peripheral centres to be
included in the network, the Quebec Network com-
mittee sent representatives to each centre to discuss
the implementation of the project, and to supervise
the introduction of the equipment. Test transmissions
for demonstration purposes were done at this time.

We then established a protocol for arranging
transmissions. The decision to use telemedicine was
to be taken by the referring clinician after discussion
of the case with the paediatric cardiologist by phone.
Informed consent was to be obtained from the patient
or guardian prior to a transmission. Demographic data
were to be obtained, a file opened from the referring
hospital, and evaluation forms filled out both by the
consultant and the referring professional. Included
in the evaluation forms were the indication for the
transmission, the quality of sound and echocardio-
graphic images, and the clinical impact of having
performed the transmission. It was understood that
referring physicians would seek personnel with the
most experience in ultrasonography of the heart to
perform the echocardiographic studies at the referring
centre. Sonographers at the referring site could include
radiology or cardiology technicians, radiologists, or
cardiologists for adults. The interpretation of the
cardiac ultrasounds was to be done during the tele-
transmission by the consultant paediatric cardiologist
of the referral centre. The written consultation and
conclusion were to be sent by fax to the referring
centre following the transmission.

Prospective evaluation
To measure the clinical impact, physicians completed
an evaluation form after each transmission and were
asked to make one choice among the following:

� transfer to a university centre avoided
� elective visit of the patient to a university centre

avoided
� elective visit at an outreach clinic avoided
� immediate transfer to a university centre precipi-

tated, or
� treatment given or patient followed at or dis-

charged from the regional centre without transfer.

Statistical analysis
Chi squared tests served to examine the association
between each criterion used for selection of the
peripheral centre and the occurrence of at least one
transmission. As well, chi squared tests were used to
identify possible associations between each criterion
used for selection. Multiple logistic regression was
used to quantify the contribution of each criterion in
predicting whether a centre would use the network.

Results

Total transmissions and utilisation of the 
Quebec Network
A total of 363 transmissions of echocardiograms
occurred within the Quebec Network during the 3
years between January 1, 2000 and December 31,
2002. Of these, 333 transmissions originated from
peripheral centres, and were directed to 3 of the uni-
versity hospitals. Unexpectedly, the fourth, and small-
est, university centre did not receive transmissions
from peripheral centres. In fact, 30 transmissions
originated from the fourth university centre, and were
directed to one of the other university centres when
no paediatric cardiologic support was available on-
site. Thus, this centre was considered a “peripheral”
transmitting centre in the results. Of the 33 trans-
mitting centres, 21 used the network at least once
during the period of study.

Diagnoses made by transmitted echocardiograms
Of the 363 transmissions, 128 were interpreted as
being normal by the university-based paediatric car-
diologists, and 232 were considered abnormal. We
deemed 3 studies to be inconclusive due to the inad-
equate quality of the images. Of the interpretable
transmissions, 254 (71%) involved patients who had
never been previously assessed by a paediatric cardi-
ologist, while 106 (29%) were follow-up visits fol-
lowing previous transmissions or clinical visits with
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a paediatric cardiologist. The diagnoses for new and
follow-up transmissions are enumerated in Table 1.

Age profile
The median age of all children undergoing echocar-
diography by teletransmission was 70 days, with a
range from 1 day to 17 years, and a mean of 2.4
years. When analysed according to whether the
transmissions involved new patients or follow-up
studies, the median ages were 15 days, and 3.1 years,
respectively. Figure 1 further illustrates the age pro-
file of the children undergoing these examinations.
The echocardiograms of the 6 adults and 1 fetus were
not included in the analysis for age. The age was not
specified in 3 of the 363 transmissions, and the ages
of 3 patients whose transmissions were technically
unsatisfactory were also excluded from the analysis.

Evaluation of criterions for selection
Number of births. Of 16 peripheral centres servicing
more than 1000 births each year, half used the network
(Table 2). Logistic regression failed to show a statis-
tical relationship between centres with more than
1000 births per year and utilisation of the network

Table 1. Diagnoses for new and follow-up patients.

New patients Follow-up patients
Diagnosis n (%) n (%)

No abnormalities detected 105 (41.3) 23 (21.8)
Ventricular septal defect 33 (13.0) 1 (0.9)
Atrial septal defect 25 (9.8) 1 (0.9)
Patent arterial duct 24 (9.4) 1 (0.9)
Pulmonary stenosis 9 (3.5) 0
Ventricular septal defect and atrial septal defect 8 (3.1) 0
Coarctation of the aorta 6 (2.4) 0
Pulmonary hypertension 5 (2.0) 0
Aortic stenosis 4 (1.6) 7 (6.6)
Atrioventricular septal defect 4 (1.6) 1 (0.9)
Tetralogy of Fallot 3 (1.2) 1 (0.9)
Transposition of the great arteries 3 (1.2) 0
Left ventricular dysfunction 3 (1.2) 0
Coronary arterial anomalies 2 (0.8) 13 (12.3)
Tricuspid dysplasia 2 (0.8) 0
Cardiomyopathy 1 (0.4) 6 (5.8)
Totally anomalous pulmonary venous connection 1 (0.4) 0
Pulmonary valvar dysplasia 1 (0.4) 0
Pericardial effusion 1 (0.4) 0
Hypoplasia of the left heart 1 (0.4) 1 (0.9)
Ebstein’s malformation of the tricuspid valve 1 (0.4) 2 (1.9)
Follow-up of cardiac surgery 0 32 (30.3)
Follow-up of cardiac catheterisation 0 12 (11.3)
Intracardiac mass 0 2 (1.9)
Left ventricular hypertrophy 0 1 (0.9)
Atrial clot 0 1 (0.9)
Pericarditis 0 1 (0.9)
Other anomalies 12 (4.7) 0

Total 254 (100) 106 (100)
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Figure 1.
Age profile of children undergoing echocardiography by teletrans-
mission, including age distribution of all children undergoing
transmissions, age of children previously unknown to paediatric 
cardiologists (new patients), and age of patients involved in follow-up
studies.
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(p � 0.12). The majority of centres with a large
newborn population were located less than 100 kilo-
metres from university centres (p � 0.001). There was
no association between the number of births and the
presence of outreach clinics (p � 0.62).

Distance from university centre. Of the peripheral
centres, 12 were within a 100-kilometre radius from
the nearest university centre, while 21 centres were
located 100 to 1500 kilometres away (Table 2). Of
the 21 users, 17 (81%) were located more than 100
kilometres from a university centre. Of the transmis-
sions, 315 (87%) came from centres located farther
than 100 kilometres from a university centre. We
found a significant positive relationship between the
variable “distance more than 100 kilometres from a
university centre” and the use of at least one transmis-
sion (p � 0.01, odds ratio � 8.5). There was a posi-
tive association between “distance more than 100
kilometres from a university centre” and the presence
of an outreach clinic, but this did not reach statisti-
cal significance (p � 0.08).

Previously established outreach clinics. Of the peripheral
hospitals, 19 had previously established outreach
clinics. Of these, 12 (63%) used the network (Table 2).
Having a previously established outreach clinic did
not significantly increase the chances that a centre
would use the network (p � 0.95).

Clinical impact
In our 3-year experience, one-fifth of all transmis-
sions eliminated unnecessary transfers to university
centres, half served to substitute for elective visits to
a university hospital, one-eighth replaced elective
visits to an outreach clinic, one tenth resulted in
treatment at the transmitting centre without transfer,
and finally, in just under one-twentieth of transmis-
sions, an immediate transfer to a university centre
was precipitated due to a variety of diagnoses (Table 3).
The clinical impact was not documented in 1% of
transmissions (Fig. 2).

Discussion

Distance from a university centre was clearly the most
important independent factor influencing whether
or not a peripheral centre used the network. Almost
nine-tenths of all transmissions came from centres
situated more than 100 kilometres from a university
hospital. Four-fifths (17/21) of peripheral centres

Table 2. Criterions for selection of peripheral centres and users of the Quebec Network.

Number of peripheral Number of Unadjusted odds 
Criterion centres (%) users (%) ratio* (95% confidence interval)

Number of births per year
�1000 16 (48) 8 (50) 0.3 (0.07–1.36)
�1000 17 (52) 13 (76)

Distance from a university centre
�100 kilometres 21 (64) 17 (81) 8.5 (1.68–42.98)
�100 kilometres 12 (36) 4 (33)

Previously established outreach clinics
Yes 19 (58) 12 (63) 1.1 (0.25–4.42)
No 14 (42) 9 (64)

*Comparison between each criterion and the occurrence of at least one transmission

Table 3. Diagnoses leading to immediate transfer.

Number 
Diagnosis of cases

Coarctation of the aorta 4
Transposition of the great arteries 2
Tetralogy of Fallot 1
Ventricular septal defect and pulmonary stenosis 1
Hypoplasia of the left heart 1
Large ventricular septal defect and atrial septal defect 1
Left ventricular failure 1
Primary pulmonary hypertension 1
Ebstein’s malformation of the tricuspid valve 1
Hypoplastic aortic arch and coarctation 1
Prematurity and atrial septal defect 1

Treatment given at
the peripheral centre

9%

Immediate
transfer to a

university centre
4%

Avoided elective
visit to an

outreach clinic
16%

Missing information
1% Avoided transfer

to a university
centre 20%

Avoided elective
visit to university

centre 50%

Figure 2.
Impact of real time echocardiography by teletransmission using the
Quebec Child Telehealth Network.
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located outside of a 100 kilometre radius from a uni-
versity centre used the network at least once within
the period of our study. Providers of health care in
the more remote peripheral hospitals were almost
nine times more likely to use the network compared
to those working in centres located within 100 kilo-
metres of a university hospital. Furthermore, two-
thirds of peripheral centres (8/12) located within
100 kilometres from a university centre did not use
the network. We suspect that it is simpler for physi-
cians to transfer a patient with a possible cardiac
problem directly to a university centre when they are
located close to the referral centre. From our obser-
vations, we infer that when the transfer of a child for
a cardiac diagnosis or follow-up becomes more com-
plicated or difficult, such as when the services of an
air ambulance are required, physicians working in
more remote centres will take the initiative to use
the network for consultations.

The results of the Eastern Quebec Telehealth Pilot
Project,8,9 which linked 13 peripheral centres in the
eastern portion of the province to a single university
centre in Quebec City, supported the view that tele-
consultation was most useful for infants. Our experi-
ence similarly shows that, when new patients were
involved, the largest number of transmissions occurred
in children less than 1 month of age. Despite this,
however, the number of births per year was not an
important independent criterion for selection for
using telemedicine. Only half of the hospitals with
more than 1000 births each year used the Quebec
Network. Centres with large volumes tend to be
clustered in metropolitan areas less than 100 kilo-
metres from the nearest university centre, and thus
we suspect that it is the proximity to the university
centre that limited the value of this criterion for
selection.

The presence of an outreach clinic was not an
important independent criterion for selection. Only
two-thirds (12/19) of peripheral centres with an out-
reach clinic used the network. This proportion was
not significantly different from that of centres hav-
ing no pre-established outreach clinic. This can in
part be explained once again by the distance factor,
since centres with outreach clinics were not signifi-
cantly more likely to be located more than 100 kilo-
metres away from a university centre.

During our 3-year experience, seven-tenths of all
363 transmissions avoided unnecessary transport for
patients and their families, with one-fifth avoiding
the need for emergency transfers, and half permit-
ting the avoidance of elective visits. Our findings are
consistent with those of Randolph et al.,10 where
one-quarter of the 133 transmissions involving
neonates resulted in an immediate change in man-
agement, including the avoidance of an emergency

transfer. Similarly, Sable et al. reported that telemed-
icine had an immediate impact on patient care in
three-tenths of 500 transmissions.11 Of interest, our
study reports that all but 3 of our 363 transmissions
were of adequate quality to decide on treatment.
Cardiac abnormalities were detected in two-thirds of
the transmissions, and just under one-twentieth of
diagnoses were considered serious enough to warrant
immediate transfer.

Limitations
Our study did not include a quality control of trans-
mitted echocardiograms. The number of patients
who needed studies to be repeated under the direct
supervision of a paediatric cardiologist after having
undergone an initial echocardiogram by teletrans-
mission is not known, and the results of these 
studies were not compared with those done by tele-
transmission.

Our study did not analyse the cost-benefit of
implementing such a network. It understates the 
benefits of having an established telehealth network
available for the population, since only the results 
pertaining to telecardiology were examined. With the
establishment of such a large network, other disci-
plines, including telepsychiatry and teleradiology, have
taken advantage of the technology to enhance the access
of children in remote regions to subspecialty care.
Transmissions done outside of the domain of paediatric
cardiologists were not evaluated in this study.

Summary

The major independent criterion for selection deter-
mining which peripheral centre would use the Quebec
Child Telehealth Network was distance from the
university centre. The issue of distance is particu-
larly pertinent in a large area such as the Province of
Quebec, which has very sparsely populated remote
regions. In setting up a network therefore, major
consideration should be given to equipping even the
smallest centres, providing they are remote from
university centres. We have demonstrated that our
telehealth network had a major impact on the delivery
of paediatric cardiac care in the Province of Quebec.
The Quebec Child Telehealth Network gave paedi-
atric cardiologists in university centres the opportu-
nity to provide timely diagnoses for patients in remote
regions. Other medical disciplines, such as medical
imaging, speech therapy, ophthalmology, nephrology,
psychiatry, and medical education, may also use the
same network in the future to improve access to
health care throughout a range of services in our large
province. This experience could easily serve as a
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model to be used in countries where access to health
care is difficult because of distance.
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