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…And What Comes Next?



OVERVIEW

•Review of interstage period & mortality
•Background on home monitoring
•Future directions



INTERSTAGE PHYSIOLOGY

Stage 1 (Norwood) operation

Blalock-Thomas-
Taussig shunt

Surgically 
enlarged atrial
septal defect

Homograft reconstruction
of aorta

Homograft patch on 
pulmonary artery



THE INTRODUCTION OF HOME MONITORING

JTCVS	2003

JTCVS	2014
Norwood

S1P
Interstage 

Period S2P



WHAT DOES HOME MONITORING ENTAIL?

Prior to 
Discharge

For Home

Standardized 
Follow Up 

Care

• Discharge check-lists
• Parental education

• Pulse oximetry
• Weight checks
• “Red flag” system

• Regular 
communication with 
HMP team

• Cardiology and 
pediatrics follow up

Rudd,	et	al.	"Interstage	Home	Monitoring	for	Infants	With	Single	Ventricle	Heart	Disease:	Education	and	Management:	
A	Scientific	Statement	From	the	American	Heart	Association." Journal	of	the	American	Heart	Association 9.16	(2020):	e014548.



THE IMPACT OF HMPS: REDUCED MORTALITY

Hehir	DA,	Ghanayem NS. Single-ventricle	infant	home	monitoring	programs:	outcomes	and	impact. Current	Opinion	in	Cardiology. 2013;	28:97–102.

Pre-HMP = 13%, HMP = 5.4%

No interstage 
mortality in 
HLHS from 

2016 to 2022



Cumulative interstage mortality 
has decreased from 9.5% to 5.1% O%?



SHIFTING GEARS: NOT JUST SURVIVE, THRIVE



Improved interstage weight gain, allowing 
early stage 2 at an equivalent weight

Hehir et al. 2012 Pediatric Cardiology McCrary et al. 2013 Cardiology in the Young Gardner et al. 2019 JAHA Petit et al. 2011 JTCVS Anderson et al. 2012 Journal of Pediatrics

Despite being younger at stage 2, 
HMP cohort had higher WAZ

Interstage infants enrolled in an HMP 
experienced normal growth velocity Aggregate growth failure 

reduced from 18.6% to 13.3%



THE DOWNSIDES OF HOME MONITORING?

MORE 
EMERGENCY 
ROOM VISITS

Edelson et al, 2018 Journal of American College of Cardiology
Hanke et al, 2016 Seminars in Thoracic and Cardiovascular Surgery

Gardner et al,  2019 Journal of American Heart Association

Buelow et al, 2018 Congenital Heart Disease
Meza et al, 2018 Annals of Thoracic Surgery

YOUNGER AGE 
AT S2P

MORE 
REINTERVENTIONS

MORE 
READMISSIONS



MORE DOWNSTREAM EFFECTS

Sick	Kids	Health.	Nasogastric	(NG)	Tube:	How	to	insert	your	child's	NG	tube.

Rudd,	et	al.	"Interstage	Home	Monitoring	for	Infants	With	Single	Ventricle	Heart	
Disease:	Education	and	Management:	A	Scientific	Statement	From	the	American	Heart	
Association." Journal	of	the	American	Heart	Association 9.16	(2020):	e014548.



IDENTIFYING OUTLIERS
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FUTURE DIRECTIONS FOR HOME MONITORING

•Deliver More Equitable Care
• Advance Care Through Telemedicine

• Personalized Care
• Interstage Care 2.0?



DELIVERING MORE EQUITABLE CARE



DELIVERING MORE EQUITABLE CARE
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ISVMP strongly attenuated the effect 
of SVI on interstage weight failure

Vulnerable 
infants in ISVMP 

were 1/4 as 
likely to develop 

interstage growth 
failure

Rachel Shustak, MD MSCE



LEVERAGING TECHNOLOGY



PERSONALIZED HMP: NOVEL BIOMARKERS OF RISK
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PERSONALIZED HMP: NOVEL BIOMARKERS OF RISK



THE [SECOND] INTERSTAGE PERIOD?

“Interstage attrition between bidirectional Glenn and 
Fontan procedures occurred in 12% of our study 

population.

“In this study spanning more than 3 decades, 
8.3% of children with HLHS failed to 

undergo Fontan after SCPC. 
Attrition rate has not decreased over 30 years.

Could home 
monitoring 

make a 
difference?



Uniform, standardized care?

Access to 
care and 

technology

Biomarkers 
of risk

Social 
determinants 

of health

Should we tailor our 
monitoring to the patient?



SO, HOME MONITORING: HOW DID WE DO THIS 

Alyson Stagg, CRNP

AND WHAT COMES NEXT? 


