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Commentary: Risk score for death
or transplantation after stage I
palliation—Now what?
Bahaaldin Alsoufi, MD

CENTRAL MESSAGE

Multiple factors contribute to
interstage mortality risk; howev-
er, many of those might not be
easily modifiable.
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In the current issue of the Journal, Ahmed and colleagues1

report a study in which they examined patients enrolled in
the National Pediatric Cardiology Quality Improvement
Collaborative (NPC-QIC) registry from 2008 to 2015,
with a focus on those who had interstage death occur
(153/2128; 7%) or received heart transplants (42/2128;
2%). They split the patients into a learning cohort
(n ¼ 1596), from which they derived a risk score for death
or transplantation after discharge from the stage I operation,
and a validation cohort (n ¼ 532), on which they tested and
confirmed the strength of their risk score. On the basis of
multivariable logistic regression analysis, Ahmed and col-
leagues1 identified the following risk factors, which they
used in the risk score: stage I surgery type (hybrid or Nor-
wood procedure with aortopulmonary shunt vs Norwood
procedure with right ventricle to pulmonary artery shunt),
postoperative extracorporeal membrane oxygenation sup-
port, discharge on opiates, no digoxin on discharge, postop-
erative arch obstruction, and moderate to severe
postoperative tricuspid valve regurgitation (with or without
oxygen requirement). After Ahmed and colleagues1 added
weights to those factors according to the related odds ratios,
the risk score ranged from 0 to 76, and a value greater than
17 was associated with a nearly 3-fold increase in the risk of
death or transplantation in both learning and validation
cohorts.

Interstage death continues to be a significant problem, as
by extension does failure to progress to succeeding pallia-
tion stage, necessitating listing for heart transplantation.
Consequently, it makes great sense to identify risk factors
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associated with those events, with the aim of neutralizing
some of them if possible. The efforts by Ahmed and col-
leagues1 to outline patients at risk are therefore commend-
able. Early failure of the multistage palliation strategy and
its consequent mortality risk, however, are often complex
issues related to numerous interlocking variables, making
a risk score seem an oversimplification of a complicated
matter. If we were to rely on this score exclusively to deter-
mine the risk of death or transplantation and to modify our
discharge or outpatient follow-up plan accordingly, we
might be ignoring several vital factors that did not make
the cut in this score because of lack of statistical power or
dilution of effect by operative mortality. Examples of those
omitted factors include prematurity, low weight, genetic
syndromes and extracardiac anomalies, dominant ventricu-
lar dysfunction, and history of pulmonary vein intervention
or restrictive atrial communication.2-5 In addition, there are
often incalculable factors that, although likely contributing
to death however are naturally immeasurable, thus
prohibiting their inclusion in the risk score. Examples of
those include family compliance, quality of home
monitoring, shunt and pulmonary artery characteristics,
aspiration, and arrhythmias. These clinically important
issues should be taken into consideration on hospital
discharge and during outpatient follow-up, and a thoughtful
decision should be made individually for each patient on the
basis of numerous potential factors that extend beyond
those few entered in the risk score.
On the other hand, the current risk score of Ahmed and

colleagues1 highlights some of the important risk factors
associated with death or transplantation after hospital
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discharge. Whether those factors are modifiable remains a
question. Stage I operation type is largely surgeon depen-
dent, and given that the Single Ventricle Reconstruction
study showed no advantageous effect of shunt type on over-
all survival at 3 or 6 years after the Norwood procedure, it is
unlikely that surgeons will change their approach, espe-
cially given that the odds ratio and subsequently the weight
that this surgery type holds in the proposed risk score are
low (weight of 3).4,5 Moreover, patients who underwent
the hybrid approach in the registry were few (only 7%),
and they likely had associated risk factors, thus compli-
cating the interpretation of the results in the current study
of Ahmed and colleagues1 and making it unlikely that sur-
geons who use the hybrid strategy selectively in neonates at
higher risk will change their strategy in complex cases. Re-
sidual arch obstruction is a straightforward issue and gener-
ally amenable to percutaneous or surgical intervention, and
the decision to repair this residual lesion is therefore clear
and direct. On the other hand, the remaining factors in
this score might not be as easily modifiable. Discharge on
opiates is likely a surrogate for a prolonged and complex
postoperative course, and such patients could have lingering
cardiac and extracardiac issues that might increase their risk
after discharge. Similarly, postoperative extracorporeal
membrane oxygenation use after the stage I operation is a
well-documented factor for early and interstage mortality,
and the postdischarge attrition risk is generally attributed
to residual lesions, continuous dysfunction, and end-organ
injury.6,7 Although correction of residual lesions is an
important principle to improve outcomes in these patients,
the remaining issues related to myocardial and end-organ
dysfunction are hardly amendable. Finally, the issue of
tricuspid valve regurgitation is complex and difficult to
address. Although there is general consensus that moderate
to severe tricuspid valve regurgitation after the stage I oper-
ation is problematic, management options at this stage are
limited, making the likelihood of effectively modifying
this factor more theoretic than practical. Tricuspid valve
repair during the neonatal period is challenging because
of the frequent presence of structural valve problems
when significant regurgitation is present at that early stage,
as well as tissue friability that often precludes successful
repair. Multiple reports have demonstrated that tricuspid
valve repair before the stage II operation is associated
with high mortality and failure risk and frequent deteriora-
tion in systemic right ventricular function.8-10 Tricuspid
valve repair is therefore commonly reserved for those
1032 The Journal of Thoracic and Cardiovascular Sur
with failed recovery after the stage I operation, and it
would be unlikely for surgeons to attempt tricuspid valve
surgery in neonates with moderate to severe tricuspid
valve regurgitation who are thriving and otherwise
candidates for hospital discharge. Continuous
hospitalization until the stage II operation and early
listing of proper candidates for heart transplantation might
be a consideration in those cases. Although the practice of
early listing for transplantation might decrease interstage
death, it is also likely to simultaneously increase the
number of patients receiving transplantation, the other
arm in the composite end point that Ahmed and
colleagues1 examined.

In summary, the risk score proposed by Ahmed and col-
leagues1 covers some but not all of the clinically important
risk factors that affect interstage mortality and transplant
risk after the stage I operation. Although awareness of those
risk factors is important, unfortunately, many of those fac-
tors are not easily modifiable.
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