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Risk Models…..



Developing (GOOD) Risk Models in 
CHS is HARD

• Imprecise definitions

• Heterogeneity in diagnoses and procedures

• Small numbers or patients

• Variation in practice/approach

• Competing  (and often multiple) events

• Immortality bias

• Multi-modal data

• Longitudinal data

• Evolution of care/Introduction of New 
Therapies (era effects)



Multi-modal and Longitudinal Data





Methods

• Pediatric and young adults age < 26 yrs

• 2001 – 2020

• Inclusion criteria:

- Genotype positive

- Phenotype consistent with modified Ghent criteria

• Serial echocardiograms (N=809) underwent 
protocolized review

- Aortic root cross-sectional area/Height (CSA/Ht) 



CSA/Ht

Parasternal long-axis view: leading-edge to 
leading-edge 

in early-mid systole

Planimetry: parasternal short-axis view-
tracing the aortic root en face



Echo-derived Metrics of Aortic Root 
Growth



CSA/H Index as a Surgical Threshold
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Objective

To evaluate how the initiation and dosage 
adjustments of medications over time, 
accounting for surgical intervention, impacted 
aortic root growth in pediatric patients and 
young adults with Marfan syndrome



Time-Varying Longitudinal Data Related to Longitudinal Outcome 

A common scenario

without utility models!!

Pande A, et al



Clinical Scenario



Time-varying Medication Adjustments

Patient 1 Patient 2





Heterogeneous Diagnoses and 
Procedures

Variable Approaches
Competing and Repeated Events
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12/1955 – 01/2020

n = 240

Non-surgical

n = 40

Surgical

n = 154

Definitive Repair 

Before Presentation at 

CC 

n = 46

ccTGA Patients

Anatomic 

n = 79
Physiologic

n = 45

Fontan

n = 24

Heart Tx

n =6

HTx 

n=2

Median age at anatomic repair: 1.9 years



Fontan

Anatomic 
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Systemic AVV and Ventricular Function in 
Anatomic Repair

LV Dysfunction
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Systemic AVV and Ventricular Function in 
Physiologic Repair
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Conclusions

Early anatomic repair may be preferable to physiologic repair  

Late attrition after physiologic repair represents failure of 
expectant management 

Patients in the PR group underwent procedures to improve 
TV function but with failure to rescue the failing RV



Evolution of Care/Introduction of New 
Therapies  (Era Effect)



Aortic Valve Replacement in Young and Middle-

Aged Adults: 

Current and Potential Future Roles for TAVR
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Patients

N=45,753

ACSD

n=44,173

CHSD

n=1,580

Jan 2013 – Sept 2018

1,093 Centers

Jan 2013 – June 2018

105 Centers



Isolated SAVR vs TAVR

p=0.002p<0.001



TAVI USE (Up 163%!)



Imprecise Definitions



John Deanfield 2003



Capturing ACHD: What Defines It?



Need - Opportunity



STS ACHD Risk Model



Existing STS Mortality Risk Models



Combination/Complex Procedures



Ineligible Patients!





Model Development



Final ACHD Risk Model



ACHD Model Performance



Model Comparison




