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There has been a recent trend of improved outcomes for most infants
born with surgically correctable congenital malformations, despite
the fact that current surgical treatment is not standardized, with wide
variations in practice among institutions. Because care for these
infants is multidisciplinary, it is difficult to ascertain with clarity the
specific role of neonatal surgery in determining outcomes. Moreover,
the lack of validated measures of illness severity for most complex
congenital malformations makes risk adjustment difficult. For these
reasons, the utility of randomized controlled trials in determining
best surgical practice in neonatal surgery for congenital malforma-
tions is impractical, and another means of deriving medical evidence
to justify ‘optimal’ treatment is necessary.

The Canadian Paediatric Surgical Network (CAPSNet) was devel-
oped specifically to address these issues. Patterned after the highly
successful Canadian Neonatal Network, CAPSNet collects standard-
ized data on every case of gastroschisis and congenital diaphragmatic
hernia evaluated in the 16 referral perinatal centres in Canada. These
centres serve as provincial referral centres for perinatal care, and,
therefore, the data set created is population-based for gastroschisis
and congenital diaphragmatic hernia in Canada. In addition to
neonatal data fields recorded in the Canadian Neonatal Network,
CAPSNet collects specific prenatal data, and details on surgical
treatment and outcomes within each of the 16 participating centres.
It is hoped that by using advanced analytical techniques, including
outcomes modelling and multiple logistic regression analysis of risk-
adjusted outcome variations by type of surgery performed, optimal
treatment paradigms will be identified that will lead to further out-
come improvement in babies born with complex birth defects.
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Les réseaux en chirurgie pédiatrique au
Canada : Il est temps de se relier

On remarque une récente tendance vers de meilleures issues pour la
plupart des nourrissons nés avec des malformations congénitales pouvant
étre corrigées par voie chirurgicale, méme si le traitement chirurgical
actuel n’est pas normalisé et que la pratique varie considérablement d’'un
établissement a l'autre. Puisque les soins de ces nourrissons sont
multidisciplinaires, il est difficile d’établir avec clarté le role précis de la
chirurgie néonatale dans la détermination des issues. De plus, absence de
mesures validées de la gravité de la maladie en présence des
malformations congénitales les plus complexes complique le rajustement
du risque. Pour ces raisons, les essais aléatoires et contrdlés ne sont pas
commodes pour déterminer les meilleures pratiques chirurgicales
néonatales en cas de malformations congénitales, et d’autres moyens de
dériver les données médicales probantes pour justifier le traitement
« optimal » s'imposent.

Le Canadian Paediatric Surgical Network (CAPSNet) a été mis sur pied
précisément pour se pencher sur cette question. Modelé d’apres le Réseau
néonatal canadien qui fonctionne si bien, le CAPSNet collige des
données normalisées sur tous les cas de gastroschisis et de hernie
diaphragmatique dans les 16 centres périnatals de référence du Canada. Il
sagit de centres de référence provinciaux en soins périnatals, et par
conséquent, 'ensemble de données créées a I'égard du gastroschisis et de
la hernie diaphragmatique au Canada se fonde sur la population. Outre les
champs de données néonatales du Réseau néonatal canadien, le
CAPSNet collige des données prénatales précises et de I'information
détaillée sur les traitements chirurgicaux et les issues dans chacun des
16 centres participants. On espére qu’en utilisant des techniques
analytiques évoluées, y compris la modélisation d’issues et I'analyse de
régression logistique multiple des variations d’issues rajustées selon le
risque par type d’opération, les paradigmes de traitement optimal seront
dépistés et permettront d’améliorer encore davantage les issues des bébés
nés avec des anomalies congénitales complexes.

Over the past decade, there has been an unequivocal
acknowledgement of the importance of using quality
medical evidence in determining best medical and surgical
practices (1). The randomized control trial (RCT) has
been accepted as the gold standard in evaluating thera-
peutic interventions and shaping clinical practices, and in
addition to the increased attention given to the conduct
of RCTs by industry and funding agencies, there has been
a concerted emphasis on the quality of reporting of RCTs
through advocacy groups, such as the CONsolidated
Standards Of Reporting Trials (CONSORT) group (2).
Paediatricians have long been champions of the practice
of evidence-based medicine. Groups such as Children’s
Oncology Group and its predecessors, the Children’s Cancer

Study Group and the Pediatric Oncology Group, were
among the first to recognize the importance of standardized,
protocol-driven clinical trials that sought to enroll virtually
every child with cancer in a study that would lead to the cre-
ation of high-quality medical evidence and enable contin-
ued improvements in paediatric cancer care.

Surgeons, including paediatric surgeons, have been less
successful in producing medical evidence of high quality,
and have tended to use retrospective cases series as the prin-
ciple vehicle for reporting surgical outcomes. A computer-
assisted English-language search for RCTs in the paediatric
surgery literature identified only 134 among more than
80,000 paediatric surgical articles published over a 30-year
period (3). An analysis of these 134 trials by ‘quality’ criteria
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(data collection, randomization and statistical analysis)
revealed that the majority of reported RCTs contained a
major design flaw. However, in fairness to surgeons, it is
important to acknowledge that there are unique challenges
inherent to the design and conduct of RCTs in which one
surgical therapy is compared with another surgical therapy,
a medical therapy or a placebo (4). These challenges
include the following:

¢ the relative infrequency of disease states (this is
especially true in neonatal surgery in which rare birth
defects are treated), which leads to difficulties in
timely accrual of an adequate sample size;

¢ a lack of clinical equipoise required to justify the
ethical comparison of one invasive surgical treatment
with another;

e issues related to rapidly evolving technology, where a
technique that is likely to change or become obsolete
over the predicted period of study precludes its
inclusion in a therapeutic trial;

e patient preferences influencing the randomization
process. A patient bias for or against surgery versus a
medical therapy or placebo, or between surgical
procedures, creates difficulties in patient recruitment
and threatens the external validity of the study;

® nonstandardization of surgical procedures. Although a
single surgeon could be expected to perform an
operation in a standardized manner, different surgeons
(with variable skills and experience) could not, which
makes therapeutic standardization quite difficult when
studies include patients accrued from multiple centres.
This is in stark contrast to clinical trials involving
medication, in which therapy (in the form of a ‘pill’) is
easily standardized;

e the role of ‘sham’ surgery. Invasive, placebo surgical
procedures pose undeniable risks to patients, and many
argue against their ethical nature. Also, the surgeon
performing the procedure cannot be ‘blinded’, and
therefore must be separated from the assessment of
outcome. The potential importance of placebo surgery in
analyzing the efficacy of surgical procedures was shown
recently in sham surgery-controlled trials for osteoarthritis
of the knee (5), and this issue remains controversial.

The above-mentioned challenges represent impediments to
the performance of RCTs for the purpose of evaluating sur-
gical procedures. If paediatric surgeons wish to design stud-
ies capable of producing high-quality medical evidence,
then we need to have or develop alternative strategies for
data collection and analysis.

LESSONS LEARNED FROM THE
CANADIAN NEONATAL NETWORK
The Canadian Neonatal Network (CNN) was established
in 1995 by Shoo Lee and colleagues (6). The CNN consists
of 17 neonatal centres that collectively account for 75% of
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the level III nursery beds in Canada. By compiling and ana-
lyzing standardized clinical data in a prospective manner,
the CNN has identified several opportunities for neonatal
practice improvement, including strategies for reducing
the risk of intraventricular hemorrhage in premature
infants (7), and improved screening standards for the
detection of retinopathy of prematurity (8). However, the
CNN does not attempt to influence or create care stan-
dards within the participating neonatal centres, and there-
fore does not rely on RCTs as the means of generating
medical evidence. Somewhat simplified, the CNN method
of outcomes analysis relies on the facts that neonatal dis-
ease states can be severity-stratified; data summarizing risk
variables and treatment variables can be standardized; out-
comes can be modelled through predictive equations
derived from multiple linear or logistic regression analysis
of risk variables; and variations in outcome can be at least
partially explained by treatment differences in a risk-
adjusted cohort.

Because the CNN database is searchable by
International Classification of Diseases, 10th revision (9)
codes, we assessed its utility for studying outcomes of
neonatal surgical conditions (congenital diaphragmatic
hernia [CDH], abdominal wall defects, intestinal atresias
and tracheoesophageal fistula) (10). Although the database
gives good information on the number of cases treated in
neonatal intensive care units (NICUs) across Canada, it
lacks information related to prenatal diagnosis, timing and
type of surgery performed, and specific information on out-
comes and complications related directly to surgical treat-
ment. In its current form, the CNN database does not
discriminate between gastroschisis and omphalocele, both
abdominal wall defects but with significantly different
treatments and prognoses. Perhaps most significantly, the
database only captures patients admitted to the NICU; in
some children’s hospitals, infants with CDH, and some-
times other neonatal surgical conditions, are preferentially
admitted to the paediatric intensive care unit.

CREATION OF A CANADIAN PAEDIATRIC
SURGICAL NETWORK
The community of paediatric surgeons across Canada is a
close-knit group, unified by its relatively small size and a
supportive national society (the Canadian Association of
Paediatric Surgeons) that has taken a major advocacy posi-
tion in support of evidence-based medical practice. Our
single-payer health care system and the centralization of
paediatric surgical practice within metropolitan, tertiary
paediatric centres with close functional links to prenatal
diagnosis creates an ideal environment for the creation of a
multidisciplinary network focussed on outcomes for prena-
tally diagnosed birth defects for which major surgery is
required in the newborn period. These facts, and the histor-
ical success of the CNN, form the foundation for the cre-
ation of a multidisciplinary network — the CAnadian
Paediatric Surgical Network (CAPSNet) — dedicated to

studying outcomes in surgical neonates.
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The CAPSNet hospitals include 16 perinatal centres
from across Canada (Table 1) that meet the following crite-
ria: a geographically or functionally linked fetal diagnostic
unit; a level III NICU; and the availability of subspecialty-
trained paediatric surgeons and anesthesiologists. Each
CAPSNet hospital has at least one site investigator from a
multidisciplinary clinical group that includes surgeons,
neonatologists, perinatologists and medical geneticists, and
each centre is responsible for its own data collection, which
is performed by hired, trained data abstractors. The site
investigators report to a steering committee, which has
administrative oversight over the data collection, handling
and reporting; knowledge dissemination; and budgetary
issues.

CAPSNet DATA COLLECTION

In choosing pilot diagnoses for CAPSNet data collection,
we wanted to select neonatal conditions that occur fre-
quently, are easily diagnosed prenatally, and for which there
is considerable uncertainty regarding optimal perinatal care.
Two diagnoses that easily meet these criteria are CDH and
gastroschisis. CDH is a condition with a highly variable out-
come (11,12) and several areas of therapeutic controversy,
including modality and intensity of ventilatory support
(13,14), role of extracorporeal life support (15), and timing
and type of surgery (16,17) performed to correct the
diaphragmatic defect. Gastroschisis is a common birth
defect with an expected survival of greater than 90% (18).
There are areas of controversy regarding the timing and type
of delivery (19-21), and the surgical technique used to close
the abdominal defect (22-24). Both diagnoses yield babies
that have long hospital stays and consume considerable
resources; thus, identification of treatment strategies that
improve outcome will increase the efficiency of resource use
and benefit our health care system as well.

Patient information will be abstracted regularly by
trained data abstractors and will include prenatal diagnostic
information specific to the antenatal diagnosis, as well as
daily postnatal treatment and outcomes data during the
entire postnatal hospitalization, regardless of hospital unit.
Deidentified data will be transmitted electronically to the
Centre for Healthcare Innovation and Improvement in
Vancouver, British Columbia, where the data is cleaned,
stored and managed thereafter by a geographically represen-
tative multidisciplinary steering committee comprised of
epidemiologists, informatics experts, surgeons, neonatolo-
gists and perinatologists.

PATIENT INFORMATION
Each patient’s data file will be opened at either prenatal
diagnosis or birth (if no prenatal diagnosis is made).
Prenatal information includes parental demographic data;
detailed antenatal history, including perinatal diagnostic
data, which is specific to both diagnoses; timing and mode
of delivery; and maternal outcomes. It will also include
information on all pregnancy outcomes, including sponta-
neous and therapeutic abortion and stillbirths. Infant
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TABLE 1

Canadian Pediatric Surgery Network centres

Hospital ECMO
Victoria General Hospital, Victoria, British Columbia No
BC'’s Children’s Hospital, Vancouver, British Columbia Yes
Alberta Children’s Hospital, Calgary, Alberta No
Royal Alexandra Hospital, Edmonton, Alberta Yes
Royal University Hospital, Saskatoon, Saskatchewan No
Health Sciences Centre, Winnipeg, Manitoba No
The Hospital for Sick Children, Toronto, Ontario Yes
McMaster Children’s Hospital, Hamilton, Ontario No
St Joseph’s Health Centre, London, Ontario No
Children’s Hospital of Eastern Ontario, Ottawa, Ontario No
Kingston General Hospital, Kingston, Ontario No
Montreal Children’s Hospital, Montreal, Quebec Yes
Hopital Sainte-Justine, Montreal, Quebec No
Centre Hospitalier de I'Université Laval, Sainte-Foy, Quebec No
IWK Health Centre, Halifax, Nova Scotia No
Janeway Children’s Health and Rehabilitation Centre, No

St John’s, Newfoundland

ECMO Extracorporeal membrane oxygenation

characteristics will include sex, size, associated anomalies,
Apgar scores, illness severity profiles (Score for Neonatal
Acute Physiology, version II [SNAP-II] [25]) and therapeutic
intensity profiles (Neonatal Therapeutic Intensity Scoring
System [20]). Treatment fields will include information on
the timing of surgery, surgical and anesthetic techniques,
perioperative monitoring and postoperative care. Among
many outcome variables reported, those most relevant to
CDH and gastroschisis patients are survival to discharge,
survival with major morbidity (ie, chronic lung disease for
CDH and short gut syndrome for gastroschisis), length of
hospital stay, surgical complications, and data on technology
and resource use, including information on vascular access
(umbilical, central and peripherally inserted central
catheters), respiratory support (nature and duration of sup-
port, and respiratory adjuncts, including surfactant, nitric
oxide and extracorporeal life support), nutritional support
and use of blood products.

SPECIFIC OBJECTIVES OF CAPSNet
Because prenatal diagnosis and perinatal treatment of birth
defects is perinatal centre-based, and because the CAPSNet
hospitals provide essentially all of the perinatal care in
Canada, it would be reasonable to assume that our data set
will be population-based. We hope, therefore, that by track-
ing all outcomes (including prenatal outcomes of termina-
tion, spontaneous loss or stillbirths), we will be able to
derive a true Canadian incidence for CDH and gastroschi-
sis. Another important objective is to develop and validate
an illness severity measure for both conditions. Using data
from the CNN on a cohort of patients with CDH, we have
derived a predictive equation for survival, in which a combi-
nation of gestational age and NICU admission day SNAP-II
score predicts, with good calibration and discrimination, the
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likelihood of survival to NICU discharge (27). To derive a
similar equation for gastroschisis, we will need to consider
risk factors that have been purported to be predictive of
outcome in retrospective literature (eg, severity of bowel
injury, gestational age at delivery, route of delivery and fetal
growth profile) and model these against a variety of out-
comes (eg, survival, length of hospital stay and time to full
enteral nutrition). Finally, we will use the methodology of
the CNN to study outcome variations and to determine what
role treatment paradigms play in determining outcome.

CURRENT STATUS AND FUTURE OF CAPSNet
In June 2004, we received a four-year award from the
Canadian Institutes of Health Research to proceed with
the CAPSNet project. The database was created, data
abstractors were hired and trained, and data collection
commenced in May 2005. To date, all CAPSNet centres
have enrolled at least one patient. The future of databases
such as CAPSNet includes expansion to other neonatal
surgical conditions, and transfer of responsibility for data-
base maintenance from external funding agencies to hospi-
tals and provincial health jurisdictions. Eventually, we
hope that it will be possible to establish data links to cen-
tres outside Canada through the development of interna-
tional neonatal networks that seek to share standardized
data on large patient populations for the purposes of
improving child and maternal outcomes worldwide.
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