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Ultramini Abstract

Development of a multi-institutional inception cohort of babies with critical left ventricular outflow tract obstruction and AV & VA concordance undergoing all currently available treatment strategies is proposed. Correlation between morphologic variables and physiology will be sought.  Knowledge of post-intervention outcomes in this population will identify incremental risk factors for adverse events and provide the means for selecting optimal care for future patients.

Background

The Congenital Heart Surgeons’ Society (CHSS) is a group of 75 pediatric heart surgeons who meet annually to discuss problems of mutual interest in patient management. The history of the group dates back to the early days of cardiac surgery, when 16 surgeons met to relate their pioneering operative experiences with complex congenital heart defects. 

In 1985 the CHSS established a Data Center with full-time support staff and physician consultants that is now located in the Hospital for Sick Children, Toronto. Eight multi-institutional cohorts of children with rare congenital anomalies have been studied prospectively over the last 19 years. Careful analysis of these patient cohorts has generated new knowledge that can be directly translated into clinical practice to improve outcomes in congenital heart surgery. 

Our previous studies of neonates with aortic valve atresia (AVA) or aortic valve stenosis (AVS), identified useful information, including the elucidation of selection criteria for managing infants with critical AVS with either a bi-ventricular repair or single ventricle palliation. 1,2,3,4 Risk factors for mortality in babies having a Norwood operation were also identified. Data from this study also led to the development of the critical aortic stenosis (AS) calculator.4,5  This formula has not been validated, but could be in this new study. 
Although the survival of infants born with critical left ventricular outflow tract obstruction has steadily improved since Norwood and colleagues 6 first reported a staged reconstructive approach in 1980, early morbidity and mortality continues to be a vexing problem for most centers 1,2,3,7-9   The ideal treatment strategy for these complex patients continues to evolve.  Most centers advocate the traditional Norwood pathway, and a few recommend primary transplantation or no intervention. 1,2,10  New strategies aimed to improve outcomes of palliation include the Sano modification of right ventricle-pulmonary artery shunt, and ductal stenting with concomitant bilateral pulmonary artery banding 9,11,12,13  In addition, there is a subset of patients with hypoplastic left heart complex (HLHC) as defined by Tchervenkov and associates that share many of these same management controversies14. 

During the present era there is an increasing prevalence of intrauterine diagnosis and the potential for fetal therapy. 15,16 The introduction of off-pump cavo-pulmonary connection and percutaneous Fontan completion in the catheter laboratory, add further complexity to the therapeutic algorithm for these challenging patients. 13
A new CHSS multi-institutional study will evaluate these emerging therapies for critical left ventricular outflow tract obstruction.  An echocardiographic assessment of pre-intervention morphology will be correlated with pre-intervention physiology.  Risk factors for early and late outcomes will be sought.

Specific Aims:

1) Determine morphologic correlates of physiology prior to intervention in critical left ventricular outflow tract obstruction
2) Identify risk factors that affect outcomes  
3) Determine the value of emerging management strategies
4) Assess late outcomes by functional assessment, quality of life, developmental outcomes, and identification of electrophysiological complications.
Inclusion Criteria: 


Any neonate (≤ age 30 days at admission to a CHSS institution) with AV & VA concordance whose left ventricular outflow tract obstruction precludes an adequate systemic cardiac output through the aortic valve.

Participation in the study will be contingent upon approval by the participating institution’s IRB and must be in accordance with HIPAA legislation. The CHSS website will include a detailed template that may be utilized (with substitution or modification) for this purpose.

A. Morphologic Criteria:

1) Patients with aortic valve atresia and AV & VA concordance

2) Patients with AV & VA concordance and critical left ventricular tract obstruction due to either:

a. Aortic valve stenosis 

OR

b.  Anatomically normal but hypoplastic left heart
3) Patients with a VSD will be included

C. Definitions

Aortic valve atresia:  the absence of blood flow across the aortic valve, as determined by Doppler echocardiography.

Critical:  neonates with ductal-dependent systemic circulation, those with at least moderate left ventricular dysfunction, or those requiring intervention within the first month of life. Neonates listed for transplantation within 1 month after birth qualify even though their transplant may be after age 1 month.
Hypoplastic left heart syndrome:  a spectrum of cardiac malformations with normally aligned great arteries, characterized by underdevelopment of the left heart including atresia, stenosis or hypoplasia of the aortic or mitral valve (or both valves), and a variable degree of hypoplasia of the left ventricle. 1 (see footnote)

Hypoplastic left heart complex:  A subset of babies at the milder end of the spectrum of hypoplastic left heart syndrome characterized by mild to moderate hypoplasia of the structures of the left heart, consisting of aortic and mitral valve hypoplasia without valve stenosis or atresia, hypoplasia of the left ventricle, left ventricular outflow tract, ascending aorta, and transverse arch, with or without aortic isthmus coarctation. 
 (see footnote)

D. Study Population

1) Bi-Ventricular Cohort: Babies undergoing trans-catheter balloon or surgical valvotomy, or primary aortic valve replacement (including the Ross or Ross-Konno operation), or the Yasui procedure (aortopulmonary anastomosis with Rastelli connection).  A transplant will also be considered a bi-ventricular repair. 

2) Uni-Ventricular Cohort: Babies undergoing the Norwood procedure and its modifications (a standard systemic-PA shunt or RV-PA conduit), and those undergoing ductal stenting with bilateral PA banding. These babies may undergo subsequent cavo-pulmonary anastomosis or Hemi-Fontan, followed by percutaneous Fontan completion in the cath lab or subsequent surgical Fontan completion.

Figure 1: Management Pathways:
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Legend. Figure 1: Admission into the study will admission at age ≤ 30 days to one of the CHSS institutions.  There are 6 possible initial therapeutic interventions after admission into the study.  Death may occur before or after any of these six initial interventions, or following any of the subsequent staged interventions.  * Transplant may occur primarily or anytime thereafter, and similarly biventricular repair* may be elected after initial palliation. LVOTO, left ventricular outflow tract obstruction; Ao, aorta; RV-PA, right ventricle-pulmonary artery; BV, biventricular repair; BCPS, bidirectional cavopulmonary shunt; PAB, pulmonary artery banding

Materials and Methods

Study Design

The study is prospective and observational, requiring collection of existing data from the medical record. Management decisions will be made by the treating physician and will not be influenced, altered, or directed in any way by the patients’ participation in this study. Based on preliminary data from the CHSS1,2, the 1 year survival following traditional Norwood operation was 60%, and the 5 year survival was 54%. From preliminary data the expected reduction in adverse events (including mortality) from the
modified Rv - PA shunt is approximately 13%. Therefore, if we use a conservative estimate of 10%, we would need a 90% power to detect this difference at 1 year. Using a two-sided, two-sample test conducted with an alpha=0.05, a sample size of 265 subjects in each "arm" would be needed. If we then calculate a 2% inflation rate to maintain this significance level after an interim analysis, 270 patients per treatment arm would be required, or 540 patients. Recruitment of this number of subjects should be readily attainable, as in our previous experience, the CHSS enrolled 710 neonates within six years of inception2.
Patient Recruitment and Informed Consent
Prospective patients will be identified upon admission to the hospital by daily review of diagnostic codes. Patients will then be approached by specially trained  cardiology clinical trial research nurses XX and XX . Informed consent will be obtained prior to patient involvement in the study, and approval gained by each participating institution prior to enrollment. Participation in this study may be discussed concurrently with the National Institute of Health Single Ventricle Reconstruction, and will not in any way preclude involvement in the NIH study. Neonates will be stratified into a treatment group based upon initial management as applied by the member institution. Yearly follow-up will be obtained as described below to track clinical events and outcomes. The anticipated duration of follow-up is 15 years, as longitudinal functional and quality of life assessments are essential elements of the study.

Data Collection


Following receipt of informed consent, a patient intake form will be completed for enrollment in the study. The following data will be obtained from the medical record:

Demographic/Anatomy/Physiology

· Admission form demographics or equivalent

· All pre and post-procedure cardiac catheter reports.

· MRI (if performed)

·  Echocardiography reports 

· A copy of the initial echo tape(s) for independent, blinded review and qualitative analysis

· Admission history and physical (to include height, weight, oxygen saturation, signs and symptoms, and any relevant clinical impressions)

· Operative record, including perfusions sheet & anesthetic flow sheet

· All cath lab interventional procedure reports & anesthetic flow sheets

· ICU flow sheet for 24 hours pre-op & 24 hours post-op to determine pre and post intervention condition.

· All subsequent hospital admissions: admit history and physical, diagnostic reports, interventional/surgery reports, changes in treatment plan (e.g. new medications)

· Autopsy/Death report

Follow-up:

A cross-sectional annual follow-up will be conducted by the data center.  A letter/questionnaire will be sent to the parents to determine the child’s clinical status and obtain information regarding functional status. Quality of life questionnaires (PEDS QL)  will be administered on a periodic basis. 17
 Specific follow-up data therefore include:

Outcomes/Follow-up

· Clinic letters

· Echo reports 

· Catheter reports (diagnostic and interventional)

· Death reports

· Operative, anesthetic, perfusion records of further operations.

· Exercise testing (if performed)

Data are abstracted from the copies of these confidential medical records submitted to the data center.  Trained dedicated personnel will perform all data extraction and entry into a secure computerized database.  Records are kept in a locked, secure location with restricted access. Each study participant is assigned a corresponding study number that is used for all further analysis, and specific variables will be entered into a secure, password protected computer at the Data Center. These data files are restricted to the study investigators. Each member institution utilizes a HIPAA data use agreement with the CHSS to maintain the highest level of confidentiality for all participants. 

Statistical Analysis


Two expert statistical consultants (Dr. E Blackstone and B McCrindle) will supervise all aspects of data analysis and summation. Inferential statistics will be compiled, with data described as frequencies, medians with ranges, or means with standard deviations as appropriate. Multiphase parametric modeling of time-related events in the hazard domain and competing risk methodology will be utilized to identify risk factors for various outcomes including survival, conversion to various end-states, and functional outcomes. Demographic, morphologic, physiologic, institutional, and procedural risk factors associated with each hazard phase of mortality, morbidity, adverse late functional or neurological outcome, or re-intervention will be sought by multivariable hazard analysis as described by Blackstone and colleagues18. The bootstrap method will be utilized to guide final variable selection for predictive equations.


Longitudinal data analysis of both continuous and ordinal outcomes will be performed using mixed linear regression models. The covariance structure will be modeled, but in general, compound symmetry will be utilized. Repeated events for individual patients, such as catheter interventions, will be explored using modulated renewal process analysis.

Conclusion

The spectrum of critical left ventricular outflow tract obstruction is a challenging problem in congenital heart surgery with substantial morbidity and mortality despite the dramatic improvements in management of other congenital defects. Emerging therapeutic protocols may improve outcomes, but careful evaluation of the impact of these innovations is needed before embracing one as the ideal therapy for this broad morphologic spectrum. Our study will provide important insight into the variables that impact upon outcomes for these babies and will assist us in the selecting the most efficacious therapy for successful management.
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� Reworded from Hypoplastic left heart syndrome: Nomenclature, definition, and classification. Tchervenkov CI, Jacobs JP, Weinberg PM et al. ( in preparation), November 2004
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