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Hypoplastic left heart syndrome is associated with a substantial interstage mortality between the Stage I neo-
natal Norwood operation and the Stage II bidirectional cavopulmonary anastomosis. One of the many endeavors
to reduce interstage mortality has been the development of interstage home monitoring programs. We review the
efficacy of interstage monitoring programs in general and in particularly at our center and conclude that in-
terstage monitoring does make a difference. All programs, however, are not the same. Further research is needed
to ascertain which facets of interstage monitoring truly impact outcomes and restructure monitoring programs as

Hypoplastic left heart syndrome remains one of the most challen-
ging lesions to manage in all of congenital heart disease, with a sig-
nificant out-of-hospital, “interstage” mortality between the neonatal
operation (Stage I, Norwood) and the second stage bidirectional cavo-
pulmonary anastomosis at 4 to 6 months of age. The multicenter Single
Ventricle Reconstruction trial (2005-2008) reported a 69% survival
rate at 12 months [1] for infants undergoing staged palliation for hy-
poplastic left heart syndrome with a 12% mortality [2] rate during the
interstage period.

One of many endeavors proposed to address this interstage mor-
tality has been the development of at-home interstage monitoring
programs. In 2003 Ghanayem, et al. described the first interstage
monitoring program at the Children's Hospital of Wisconsin with a
decrease in interstage mortality from 15.8% pre-program to 0%
14 months into program implementation [3]. The main interventions of
the program included sending infants home with a weighing scale and
pulse oximeter machine. Parents were instructed to maintain a daily log
of weight and arterial oxygen saturation according to pulse oximetry
and were instructed to contact their physician in case of an arterial
oxygen saturation less than 70%, an acute weight loss of more than 30 g
in 24 h, or failure to gain at least 20 g during a 3-day period.

Similar programs subsequently developed across the country.
Currently most of the 65 US centers in the National Pediatric
Cardiology Quality Improvement Collaborative, a national initiative
focused on reducing mortality during the interstage period, have on-
going interstage programs. The purpose of this paper is to review the
efficacy of interstage monitoring programs in general and in

particularly at our center with one of the largest populations of hypo-
plastic left heart syndrome infants in the country.

In 2012, Feinstein led a white paper publication from 15 US centers
as well as The Hospital for Sick Children, Toronto, CA and the Royal
Brompton, London, UK [4]. They concluded that the current best
practice for interstage care is heightened surveillance of this at-risk
population through participation in a home monitoring program. They
hypothesized that early, at-home detection of variation in the measured
parameters may indicate the development of serious anatomic lesions
or an intercurrent illness and allow for life-saving interventions.

Since the 2012 white paper, seven single center and one multicenter
reports have been published describing results of interstage monitoring
programs in the US and Europe (Table 1) [5-12]. Six of eight report
significant reduction in mortality with post-initiation of interstage
program mortality rates ranging from 0 to 8% [5-7,9,11,12]. On the
contrary, Oster in 2015 analyzed the National Pediatric Cardiology
Quality Improvement Collaborative data from 2008 to 2012 and found
no association of saturation and weight monitoring with interstage
mortality [8]. Likewise, in a single center study from the Children's
National Health System there was no change in mortality but statistical
improvement in weight at Stage II and complications post Stage II were
found [10].

The most recent publication on this topic is from our center at the
Children's Hospital of Philadelphia [12]. Our interstage program was
initiated in December 2010. In our retrospective cohort study historical
controls (2007-2010) were compared to interstage monitoring program
patients (2011-2015) with a decrease in overall interstage mortality for
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Table 1
Recent reports on interstage monitoring programs.
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Publication date ~ Author Institution Study dates Interstage mortality pre-ISM to post-ISM
pre-ISM to
post-ISM
2012 Hansen [5] Kiel, Germany 1996-2004 to  12.4% to
2005-2009 2.2%
2014 Rudd [6] Children's Hospital of 1996-2000 to  15.8% [3] to
Wisconsin 2000-2010 2%
2014 Siehr [7] Stanford 2005-2010 0% interstage mortality
2016 Castellanos [9] Children's Hospital of Los 2007-2009 to  18.9% to
Angeles 2010-2012 3.8%
2017 Texter [11] Nationwide Children's Hospital = 2010-2013 to  17%
2014-2016 8% to (0% in 2016)
2019 Gardner [12] Children's 2007-2010 to  14% to
Hospital of 2011-2015 4.8% (0% since April 2016)
Philadelphia
2015 Oster [8] NPC-QIC (multicenter) 2008-2012 No association of saturation or weight monitoring with interstage mortality
2016 Harahsheh [10]  Children's National Health 2005-2008 to  No improvement in interstage mortality but improvement in weight at Stage II and
System 2009-2014 complications post Stage II

ISM (interstage monitoring program).

Reports from interstage monitoring programs from 2012 to 2019 are listed above. The first 6 reports show improvement in mortality after interstage monitoring

programs were initiated at the respective center.

all single ventricle infants from 13% to 5.4% (p = 0.02) and for hy-
poplastic heart syndrome alone 14% to 4.8% (p = 0.03). We have
sustained these excellent results with a 0% interstage mortality for
hypoplastic left heart syndrome infants since April 2016.

In addition to discharge with a pulse oximeter and weighting scale,
the components of our program include:

1. Standardization of the neonatal discharge criteria and process

2. Standardization of parental education prior to discharge including
a list of “red-flags” to trigger immediate contact of the interstage
program by the parents

3. Daily home monitoring by parents including daily oxygen satura-
tion measurements, daily weight measurements, and feeding log

4. At least weekly home nursing visits documenting oxygen satura-
tion, weight, mode of feeding, formula and daily amount

5. At least weekly phone calls to parents by a dedicated interstage
monitoring program nurse practitioner with necessary adjustment
in feeding plans and referral to pediatrician, primary cardiologist or
emergency department if needed

6. Weekly assessment of individual feeding plans by a program re-
gistered dietitian

7. Bi-weekly pediatrician visits

8. Bi-weekly (after Norwood) or monthly (other shunt dependent
patients) primary cardiology visit with focused echocardiograms
either at The Children's Hospital of Cardiology or locally

9. Weekly review of each patient by the dedicated interstage mon-
itoring program team

10. Scheduling of standard Stage II operation at 4-5 months of age.

Even though we have a dedicated interstage monitoring team that
includes 5 program cardiologist and a dedicated nurse practitioner, we
do not have a single ventricle clinic. Communication and co-manage-
ment are ongoing throughout the interstage period among the inter-
stage team members, particularly the dedicated nurse practitioner, and
the primary -cardiologist either at the Children's Hospital of
Philadelphia or locally.

The most recent studies, including our own, support the conclusions
of the 2012 white paper [4] that interstage monitoring does make a
difference and should be recommended. It must be noted, however, that
all interstage monitoring programs are not the same. Monitoring of
daily weights and pulse oximeter readings is not the entire picture.
Weight and saturation measurements are necessary but not sufficient to
monitor and manage these fragile infants. From the description of our

program above, one can see that it is much more than tracking daily
weights and saturations. In our experience it is the close professional
relationship that develops between the program nurse practitioner (as
the representative of the interstage team) with the family on the one
hand, and with the primary cardiologist on the other hand that is
paramount to early identification of potential life-threatening events. It
is the management as well as the monitoring of these fragile infants that
is key.

In addition, learning has occurred over time in both individual
centers as well as in the National Pediatric Quality Improvement
Collaborative regarding interstage monitoring. This may well explain
the lack of positive effect of interstage monitoring in Oster's analysis of
National Pediatric Quality Improvement Collaborative data from 2008
to 2012, early in the collaborative experience. Much intra and inter-
institutional learning has occurred since then. A current analysis may
well give a different picture, especially since a center line shift occurred
in interstage mortality in the collaborative in August 2013 from 9.5% to
5.1% and has been sustained [13].

What is the future of interstage monitoring? It is here to stay with
potential for substantial growth. Many centers have broadened inter-
stage monitoring to include monitoring of other fragile infants with
complex congenital heart disease such as complex Tetralogy of Fallot
with pulmonary atresia. In addition, some centers as well as ours are
embarking on telemedicine [10,14] in this patient population as well as
predictive analytics (artificial intelligence) to predict critical events
both in-hospital [15] and at home. Finally, home monitoring is primed
to expand beyond the interstage period with current endeavors of the
National Pediatric Cardiology Quality Improvement Collaborative to
monitor patients from fetal life through Fontan palliation (https://
npcqgic.org).

In conclusion, interstage monitoring does make a difference. All
programs, however, are not the same. We as a pediatric cardiology
community needed to ascertain which facets of monitoring truly impact
outcomes and restructure our monitoring programs as such.
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