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The present article reviews existing literature and outcome assessment

processes used in programs that provide various complex paediatric

therapies. The published literature is summarized, and enrolment and

assessment details used in the Complex Paediatric Therapies Registry

in the province of Alberta are discussed. Several studies have reported

the outcomes of infants and children who received various complex

invasive therapies. Four hundred eighty-three infants and children who

received specific complex therapies in Alberta and survived to dis-

charge were enrolled in neonatal follow-up programs in their home

provinces. Compliance rates are 96% or higher at baseline, 18 months

and four years of age. In general, cerebral palsy, blindness and deafness

are very rare, but developmental delay and borderline cognitive func-

tion are more frequent. Analysis of the predictors of the adverse out-

comes of such infants has permitted optimal parent counselling and

initiation of efforts to improve outcomes.
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Le suivi des enfants qui reçoivent des traitements
effractifs complexes en début de vie

Le présent article contient l’analyse des publications et des processus

d’évaluation des issues utilisés dans les programmes qui proposent diverses

thérapies pédiatriques complexes. Les publications sont résumées et le

détail du recrutement et de l’évaluation utilisé dans le Complex Paediatric

Therapies Registry de la province de l’Alberta est exposé. Plusieurs études

font état du sort des nourrissons et des enfants qui ont reçu divers

traitements effractifs complexes. Quatre cent quatre-vingt-trois

nourrissons et enfants qui avaient reçu un traitement complexe en

Alberta et qui ont survécu jusqu’au congé ont été recrutés dans les

programmes de suivi néonatal de leur province de naissance. Les taux

d’observance sont d’au moins 96 % au départ, à 18 mois et à quatre ans.

En général, l’infirmité motrice cérébrale, la cécité et la surdité sont très

rares, mais les retards de développement et les fonctions cognitives limites

sont plus fréquents. L’analyse des prédicteurs d’issues indésirables chez ces

nourrissons permet d’offrir des conseils optimaux aux parents et

d’entreprendre des efforts pour améliorer le sort de ces enfants.

As newly emerging health technologies develop and are
used in the treatment of life-threatening illnesses in

young children, gaps in our understanding of the long-term
outcomes of infants and children receiving these therapies
become obvious. Infants and young children who undergo
complex paediatric therapies, such as open heart surgery

(1-5), extracorporeal membrane oxygenation (ECMO) (6-9)
and solid organ transplants (10-14), are at risk for adverse
long-term outcomes. The risk factors associated with adverse
outcomes are multifactorial. For some children, the risk fac-
tors are associated with the critical illness necessitating the
treatment, while in others, the risk factors are more specifi-
cally linked to the invasive therapy required. In addition,
congenital abnormalities, as found in some of these children,
are linked not only with the condition that necessitated the
complex therapy and its treatment, but also with the long-
term neurodevelopmental outcome.

The rare, technically demanding procedures of interest
here, such as open heart surgery in small infants, ECMO
and solid organ transplants, are generally done in centres
where there is the greatest likelihood of success. These are

often high-volume centres with state-of-the-art infant
transport, preoperative diagnostic capabilities and support,
operative techniques and postoperative management capa-
bilities (5). The risk status of these young children has been
recognized for some time, but parents of young children
needing life-saving treatments could be offered little infor-

mation beyond survival statistics. Knowledge about patterns
of health and neurodevelopmental outcomes after these ther-
apies is just beginning to emerge. A number of reports (1-5)
on outcomes of open heart surgery in small infants have been
published, and there has been a plea for centres treating con-
genital heart disease to collect and analyze outcome data,
and to make these available to families with affected chil-
dren and other institutions (5). There are also some data on
the outcomes of infants and children treated with ECMO
(6-9) and those with solid organ transplants (10-14), but
many unanswered questions remain, and the same plea can
be made to centres providing these therapies.

Recently, developments in the structure and processes of
neonatal follow-up programs, and linkages between these
and the programs providing complex paediatric therapies,
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have provided novel follow-up opportunities (3). By expand-
ing the boundaries of neonatal follow-up programs to include
infants whose risk status is determined by ‘new’ or incom-
pletely studied invasive therapies for life-threatening condi-
tions rather than exclusively by preterm birth and
hypoxic-ischemic encephalopathy, opportunities have been
created to include these infants in longitudinal, multidis-
ciplinary neonatal follow-up programs. Existing neonatal
follow-up programs have the framework, experience and
expertise to initiate long-term follow-up for such infants
(15). These children and their families can benefit from the
advantages of multidisciplinary follow-up, and analyses of
specific factors associated with adverse outcomes can set
the stage for supporting or modifying care approaches for
future children.

RELATED WORK
Several reports have described mechanisms through which
neurodevelopmental abnormalities may occur in infants
with serious cardiac defects that require early surgical inter-
vention. For example, du Plessis (16) and others (17,18)
have described potential mechanisms of the brain damage
that occurs during the preoperative, operative and postop-
erative periods of infant cardiac surgery. The preoperative
mechanisms include chromosomal and dysgenetic factors,
and injuries acquired during early periods of cardiorespira-
tory instability. Cerebrovascular incidents described during
surgery led to hypoxic-ischemic and reperfusion injury, cere-
bral embolism, cerebral inflammatory microcoagulopathy or
microvascular occlusion. The registry and follow-up of the
Western Canadian Complex Pediatric Therapies Project
(3) reported that the risk of an adverse outcome was cumu-
lative, with preoperative and potentially modifiable opera-
tive determinants making significant contributions.
Fifty-five per cent of the outcome variance was explained
by the duration of preoperative ventilation, and the
remainder was explained by genetic anomalies, or intraop-
erative or postoperative variables (3).

Children with hypoplastic left heart syndrome and those
with underlying chromosomal defects were reported to have
the highest rates of long-term morbidity in a group of infants
with congenital heart disease, although 43 of 67 children
(43%) in the total group were considered ‘intact’ (3). The
Boston Circulatory Arrest Study Group (19) has con-
tributed important results on the outcomes of infants with
d-transposition of the great arteries who were enrolled in a
randomized controlled trial of deep hypothermic circulatory
arrest versus low-flow cardiopulmonary bypass. In early
assessments, the children had IQ scores somewhat below
population means, but they were closer to normal at eight
years of age. Significant defects in visual-spatial and com-
plex operations were also evident.

Some reports (6-9) from clinical trials and case studies
have documented the long-term outcomes of infants and
children who received ECMO. ECMO may be required
independently or as a component of open heart surgery; dif-
ferent outcomes may be anticipated in the two treatment

groups. Hypoxia and ischemia present before the ECMO,
reperfusion injury, impaired cerebral perfusion and other
factors may lead to long-term morbidity in survivors.
Infants who required ECMO due to congenital diaphrag-
matic hernia have been noted to be at particular risk of
long-term neurodevelopmental abnormalities (9).

Long-term follow-up studies of infants and young chil-
dren following solid organ transplants (heart, liver or kid-
ney) are somewhat limited. The anticipated long-term
morbidity varies according to the type of transplant; the
child’s health status before the transplant; the underlying
disease; and, possibly, details of the preoperative, operative
and postoperative management. Studies (10-14) have
described relatively frequent cognitive and growth deficits
in some populations of children who received liver trans-
plants. Academic outcomes were reported as suboptimal in
a substantial proportion of liver transplant recipients, and
ongoing psychological and educational support have been
recommended (12,13). Children with end-stage renal fail-
ure are known to have poor brain growth and developmen-
tal delay (20). The impact of early dialysis and renal
transplantation on long-term outcome is not clear. There
have been reports (10,11) of generally good developmental
outcomes in children who had renal transplants, but this is
less common with long-term dialysis and early onset of
renal failure.

OUR APPROACH
Building on experience and on the linkages developed dur-
ing preliminary studies of the outcomes of populations of
preterm infants, those with hypoxic-ischemic encephalopa-
thy and those with congenital cardiac anomalies, we devel-
oped a multisite, interprovincial follow-up program to
provide longitudinal outcome assessments of broader groups
of infants who received complex paediatric therapies in the
province of Alberta (3). The infants and children enrolled
in the program had conditions that were considered to
require newly emerging or incompletely studied technolo-
gies, and were at particular risk of an adverse outcome. The
infants and children were identified at the time of the inter-
vention, and if the families consented, they were enrolled
for follow-up visits six months after the intervention, at
18 months and at four to five years of age. A longer follow-up
period would be optimal, but this has not been possible due
to budget limitations. All surgical interventions were pro-
vided within the province of Alberta, but many children
were referred from other western Canadian provinces
(Saskatchewan, Manitoba and, to a lesser extent, British
Columbia), so the follow-up was organized in their home
province.

Table 1 summarizes current, discontinued and potential
enrolment criteria. Some criteria were discontinued because
literature reports or local experience analyzing and interpret-
ing outcome data did not support ongoing follow-up (high-
frequency oscillation), alternative follow-up activities were
initiated (for children with specific types of tumours) or the
risk status of specific groups was lower than originally
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thought (cranial remodelling or fetal transfusions). The
compliance rate for the children included in the registry
was 99% at baseline, 100% at 18 months and 96% at four
years.

Standardized, age-appropriate, multidisciplinary assess-
ments have been used to evaluate all children enrolled in
the follow-up program. The specific tests chosen were
selected to provide comprehensive outcome assessments
on the basis of published neonatal and cardiac follow-up
reports, and of test characteristics, such as established reli-
ability, validity and ease of administration. Contact was
made at six to eight months postoperatively, and at 18 to
36 months, the Bayley Scales of Infant Development II (21)
were administered (including the Mental Development
Index, Psychomotor Development Index and Behavioural
Scales); when it becomes available, the Bayley Scales of
Infant Development III will be used, including the
Adaptive Behaviour and Caregiver questionnaires.
Ophthalmology reports were obtained, if possible, and audi-
ological testing was repeated. At four years, the testing
included a general health history and a physical examina-
tion; audiology and ophthalmology reports; Wechsler
Preschool and Primary Scale of Intelligence – Third Edition
(22); Test of Visual Motor Integration, Fifth Edition (23);
and the Multiattribute Health Status Classification
System (24).

The number of infants and children assessed to date is
small for some of the intervention categories, so we have
not summarized them separately. However, in general, cere-
bral palsy, and vision and hearing abnormalities have been
infrequent in the study subjects. On the other hand, devel-
opmental delay has been found in 30% to 40% of the over-
all group, and cognitive skills have often been in the low-
average range. Some of the details regarding other causes of
morbidity in the group of infants with cardiac abnormalities
were reported previously (3).

The program has been able to provide supportive advice
when outcomes have been normal, to initiate interim inter-
vention when mild to moderate health problems were iden-
tified and to make referrals for ongoing, more intensive

intervention when disabilities were detected. Counselling
of parents to ensure appropriate and realistic developmental
and health expectations of their infants and children is pro-
vided during the assessment visits. Between 30% and 40%
of the infants and children have been involved with early
intervention programs.

By analyzing components of antenatal, neonatal, pre-
operative and operative measures, and postoperative care
details in combination with outcome data, efforts have begun
to improve the outcomes by influencing specific components
of care. In addition, the outcome information collected has
provided a basis for enhanced communication with parents
and primary physicians about specific cardiac and other diag-
noses in the children assessed. The program costs are compa-
rable with costs in neonatal follow-up programs in general;
while details regarding this are beyond the scope of the pres-
ent article, it is noted that the longitudinal assessment costs
are in the range of 3% to 4% of the costs related to the initial
intervention and hospitalization.
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TABLE 1
Enrolment criteria in a follow-up program for infants who
received complex paediatric therapies

Enrolment criteria n Survivors

Current

Fetal surgery 2 2

Complex cardiac surgery at six weeks or earlier 269 236

(with or without ECMO)

Renal dialysis at 12 months or earlier 8 5

Liver, heart, lung or kidney transplants; ECMO; stem cell

transplants; or postresuscitation cooling at five years 107 72

or earlier

Paediatric ECMO (except that above) at five years or earlier 27 13

Discontinued

Fetal transfusions 10 10

High-frequency oscillation 24 21

Specific tumours 30 28

Cranial remodelling 6 6

Potential

Twin-to-twin transfusion N/A

ECMO Extracorporeal membrane oxygenation; N/A Not yet available
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