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 review

Standardizing care in congenital heart 
disease: approaches in the 
catheterization laboratory

The recognition that practice variation can 
lead to higher resource utilization and nega-
tively affect the delivery of care [1–3] has led to 
concerted efforts to standardize care across all 
subspecialties in medicine. The ultimate goal of 
this effort is to improve patient safety and clini-
cal outcomes. Examples of standardization tools 
include clinical practice guidelines, algorithms 
of care, templated electronic medical records, 
and surgical checklists [2,4–10]. Unfortunately, for 
rare conditions, evidence to support ‘best clini-
cal practice’ is often nonexistent, and clinical 
decision-making can become idiosyncratic [11].

Efforts to standardize care in the pediatric 
cardiac catheterization laboratory have been 
limited, and are met with significant challenges 
inherent to any subspecialty that deals with 
rare diseases. However, over the past several 
years, important steps have been taken to start 
to address these challenges. In this article, we 
present a review of this experience and the ini-
tial efforts to standardize care in the pediatric 
cardiac catheterization laboratory.

Establishing benchmarks, 
standardizing terminology & the use 
of registries in interventional 
pediatric cardiology
One major challenge to the standardization of 
care in the pediatric cardiac catheterization lab-
oratory is that the diseases treated are relatively 
rare and there is a wide spectrum of disease. 

Therefore, cardiac catheterization in pediat-
rics and for adults with congenital heart dis-
ease encompasses a broad range of procedures, 
some of which are performed infrequently. This 
makes it difficult for a single center to accu-
mulate enough patients to produce data that 
is powerful enough to provide guidance in the 
standardization process.

One approach to address this issue has 
been the use of networks and registries that 
involve multiple institutions. In fact, these 
efforts have been very much a part of the field 
of pediatric cardiology from the early days. 
Multi-institutional studies in the 1960s and 
1970s contributed enormously to improve our 
understanding of the natural history of con-
genital heart disease [12,13]. Despite these and 
similar efforts, most contemporary diagnostic 
and treatment strategies for pediatric patients 
with cardiovascular disease and adult patients 
with congenital heart disease are not supported 
by evidence from clinical trials, but instead 
are based on expert opinion, single institution 
observational studies, or extrapolated from adult 
cardiovascular medicine.

Recognizing these challenges, the National 
Heart, Lung and Blood Institute established the 
Pediatric Heart Disease Clinical Research Net-
work (PHN) in 2001. The PHN is a cooperative 
network of seven clinical centers and one data 
coordinating center, with the mission of con-
ducting and disseminating research leading to 
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evidence-based treatment options for pediatric 
patients with congenital and acquired heart dis-
ease [14]. Significant contributions to the field of 
pediatric cardiology have already been made by 
the PHN. Although the studies directly related 
to transcatheter therapies from the PHN have 
been limited so far, the potential for important 
contributions from this approach are encourag-
ing. Over the years, registries dedicated specifi-
cally to transcatheter interventions in patients 
with congenital heart disease have been instru-
mental in the development of this subspecialty 
and have contributed greatly to the development 
of transcatheter therapies for adult and pediatric 
patients with congenital heart disease.

 n The Valvuloplasty & Angioplasty of 
Congenital Anomalies Registry
In 1983, soon after the initial reports of the use 
of balloon dilation to treat various congenital car-
diac lesions, the Valvuloplasty and Angioplasty 
of Congenital Anomalies Registry was formed. 
The stated goal of this registry was to aid in the 
‘proper, expedient and safe development’ of the 
different procedures [15]. The Valvuloplasty and 
Angioplasty of Congenital Anomalies Regis-
try initially included seven centers and quickly 
expanded to include 27 centers across several 
countries. The goal of the registry was to col-
lect data regarding hemodynamic, morbidity, 
and mortality outcomes. It did not, however, 
provide any guidelines concerning indications, 
equipment or technique for the various dilation 
procedures. The initial experience was published 
in 1990 and included common procedures such 
as pulmonary and aortic balloon valvuloplasties 
[16,17], balloon angioplasty for native and recur-
rent coarctation of the aorta [18,19], and branch 
pulmonary artery stenosis [20], as well as less com-
mon miscellaneous lesions [21]. Even though it 
provided important information that was used to 
‘fine tune’ the technical aspects of the procedures 
as the initial experience developed, standardiza-
tion of indications for intervention or of the tech-
nical aspects of each procedure was not part of 
the process and, therefore, the individual biases of 
each institution involved limited the widespread 
applicability of the data. The registry data also 
helped define technical success, but no widely 
accepted definition of procedural success has 
been validated prospectively with other registry 
data. Despite these limitations, the Valvuloplasty 
and Angioplasty of Congenital Anomalies Regis-
try provided valuable data that helped shape the 
field of congenital cardiac interventions, includ-
ing defining the safety and efficacy of each of 

the balloon dilation procedures performed in the 
1980s. Since that time, there have been signifi-
cant changes in techno logy and technique in the 
field of interventional cardio logy, and the spec-
trum of interventions performed has expanded. 

Pediatric & adult congenital cardiac 
catheterization registries in the 
current era
More recently, several multi-institutional regis-
tries have emerged with the goal of assessing out-
comes after cardiac catheterization in pediatric 
and adult patients with congenital heart disease. 
The hope is to be able to use the data derived 
from these registries to develop benchmarks that 
will provide the framework for quality improve-
ment efforts in the field of congenital interven-
tional cardiology. These data may also provide 
better tools for assessing the efficacy and safety 
of catheterization procedures, and may provide 
evidence on which to base their standardization.

One major focus of pediatric cardiac catheter-
ization registries has been procedural safety. In 
order to establish benchmarks or expected out-
comes, and to be able to compare the safety of the 
procedure across different institutions and even 
between different operators, it is necessary to use 
the same methodology and terminology when 
reporting adverse events. It is also necessary to be 
able to adjust for case mix difference when per-
forming comparisons between or within institu-
tions. This type of risk adjustment has been used 
successfully for many years in the fields of adult 
coronary intervention [22] and pediatric cardiac 
surgery [23–25]. Compar atively, such efforts in pedi-
atric interventional cardiology are in their early 
stages. There are currently several groups prospec-
tively gathering the type of data necessary to allow 
such analysis, including the Congenital Cardiac 
Catheteri zation Project on Outcomes–C3PO [26], 
the Mid-Atlantic Group of Interventional Car-
diology [27], and the Congenital Cardiovascular 
Interventional Study Consortium [28].

 n The Congenital Cardiac 
Catheteri zation Project on 
Outcomes–C3PO & the assessment of 
risk-adjusted outcomes
The Congenital Cardiac Catheteri zation Project 
on Outcomes–C3PO is a project that sought to 
collect data in a uniform manner on all catheter-
ization procedures performed at multiple institu-
tions, including patient and procedural character-
istics, as well as the occurrence of adverse events. 
One of the goals of this project was to provide a 
risk-adjusted outcome assessment that accounts 
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for case mix differences between i nstitutions and 
practitioners [26].

To account for procedural diversity, procedure 
type risk categories were developed, initially using 
expert consensus, then modifying the categories 
based on empirical methods (Table 1) [29]. Adverse 
events are categorized using previously established 
and tested definitions for adverse event severity 
ranging from levels 1–5 (Table 2), levels 3–5 being 
considered clinically important higher severity 
adverse events [30]. The methodology used in this 
registry is also unique in that it includes inde-
pendent event review and validation, as well as 
audits to ensure event capture and completeness. 
Data collection started in 2007, and is recorded 
prospectively using a web-based data entry tool.

Using data collected in this registry, Bergersen 
et al. developed the catheterization for congeni-
tal heart disease adjustment for risk method, 
which is used to adjust adverse event rates for 

case mix complexity [26]. This adjustment, based 
on procedure type risk category, specific hemo-
dynamic features, and the age of the patient, 
allows for equitable comparisons of adverse event 
rates among the institutions performing cath-
eterization in pediatric and adult patients with 
congenital heart disease [26].

As this method is improved and undergoes 
further refinement based on future data, it will 
be an essential building block for the foundation 
that will be required to standardize care in the 
catheterization laboratory.

 n The IMPACT Registry: improving 
pediatric & adult congenital 
treatments
Recognizing the importance of the data provided 
by the above mentioned registries, and recogniz-
ing their limitations in size and lack of ability 
to cross-communicate between the different 

Table 1. Procedure type risk categories.

Procedure 
type

risk category 1 risk category 2 risk category 3 risk category 4

Diagnostic 
case

Age ≥1 year Age ≥1 month <1 year Age <1 month

Valvuloplasty Pulmonary valve ≥1 month Aortic valve ≥1 month
Pulmonary valve <1 month
Tricuspid valve

Mitral valve
Aortic valve <1 month

Device or coil 
closure

Venous collateral 
LSVC

PDA
ASD or PFO
Fontan fenestration
Systemic to pulmonary 
artery collaterals

Systemic surgical shunt
Baffle leak
Coronary fistula

VSD
Perivalvular leak

Balloon 
angioplasty

RVOT
Aorta dilation <8 atm

Pulmonary artery <4 vessels
Pulmonary artery ≥4 vessels all 
<8 atm
Aorta >8 atm or CB
Systemic artery (not aorta)
Systemic surgical shunt
Systemic to pulmonary collaterals
Systemic vein

Pulmonary artery ≥ vessels
Pulmonary vein

Stent 
placement

Systemic vein RVOT
Aorta
Systemic artery (not aorta)

Ventricular septum
Pulmonary artery
Pulmonary vein
Systemic surgical shunt
Systemic pulmonary collateral

Stent 
redilation

RVOT
Atrial septum
Aorta
Systemic artery (not aorta)
Systemic vein

Pulmonary artery
Pulmonary vein

Ventricular septum

Other Myocardial biopsy Snare foreign body
Trans-septal puncture

Atrial septostomy
Recanalization of jailed vessel in 
stent
Recanalization of occluded vessel

Atrial septum dilation and stent
Any catherization <4 days after 
surgery
Atretic valve perforation

ASD: Atrial septal defect; CB: Cutting balloon; LSVC: Left superior vena cava; PDA: Patent ductus arteriosus; PFO: Patent foramen ovale; RVOT: Right ventricular 
outflow tract (RVOT includes the right ventricle to pulmonary artery conduit or status post-RVOT surgery with no conduit); VSD: Ventricular septal defect. 
Reproduced with permission from [26].
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systems, the American College of Cardiology 
Foundation has recently created the IMPACT 
Registry [31]. This national level registry created 
in collaboration with the Society for Cardiovas-
cular Angiography and Interventions and under 
the auspices of the National Cardiovascular 
Data Registry, seeks to leverage expertise in the 
existing congenital cardiac disease registries and 
develop collaborations with the goal of improv-
ing the measurement of performance and out-
comes. Its goal is to assess the prevalence, demo-
graphics, management, and outcomes of patients 
with congenital cardiac disease who are under-
going diagnostic catheterization and catheter-
based intervention, and use this data to facilitate 
performance measurement, benchmarking, and 
quality improvement initiatives.

Early experience with 
standardization of care in a 
congenital cardiac catheterization 
laboratory
So far, formal efforts to standardize care in the 
pediatric cardiac catheterization laboratory have 
been limited. One example is the use of a Stand-
ardized Clinical Assessment and Management 
Plan (SCAMP). In 2008, SCAMPs were intro-
duced into our academic center-based, pediatric 
cardiology practice as a quality improvement ini-
tiative. Each SCAMP targets a relatively hetero-
geneous patient population with a single under-
lying diagnosis or chief complaint, standardizing 
assessment and management through an itera-
tive data collection and analysis process [32–36]. 

Early SCAMPs focused on outpatients [33,36], but 
as the tool matured and its utility became more 
evident, we tested the feasibility of procedural 
SCAMPs. So far, there have been three SCAMPs 
incorporated into practice that relate to the cath-
eterization laboratory. Two of them focus on the 
out patient evaluation of patients and the indi-
cations to refer the patient for catheterization, 
and one is a purely procedural SCAMP designed 
to aid in the intraprocedural decision-making 
process.

 n Standardizing the indications for 
cardiac catheterization in patients with 
congenital heart disease
One major limitation to retrospective research 
pertaining to catheter-based interventions for 
congenital heart disease is that most of the inter-
ventions don’t have clear cut and widely accepted 
‘thresholds’ for intervention. The indications for 
referring a patient to the catheterization labora-
tory for an intervention are highly variable from 
one center to the other and even within centers, 
from one clinician to another. Most of the exist-
ing parameters that are used to decide when to 
refer a patient are therefore arbitrary, and many 
times based on personal experience or opinion 
and not necessarily evidence-based. In an effort 
to standardize the referral process for certain 
congenital heart defects, we created SCAMPs 
for the evaluation of patients with an isolated 
patent ductus arteriosus (PDA) and for patients 
with isolated congenital aortic stenosis (AS). A 
brief summary of each is provided below.

Table 2. definitions for adverse event severity.

severity level definition Examples

1 – none No harm, no change in condition, may have required monitoring to 
assess for potential change in condition with no intervention indicated

Balloon rupture
Equipment problem

2 – minor Transient change in condition, not life-threatening, condition returns to 
baseline, required monitoring, required minor intervention, such as 
holding a medication or obtaining laboratory test

Groin hematoma
Self-resolving arrhythmia

3 – moderate Transient change in condition may be life-threatening if not treated, 
condition returns to baseline, required monitoring, required 
intervention, such as reversal agent, additional medication, transfer to 
the intensive care unit for monitoring or moderate transcatheter 
intervention to correct condition

Unstable arrhythmia with preserved blood 
pressure requiring intervention
Vascular damage not life-threatening but 
requiring intervention

4 – major Change in condition, life-threatening if not treated, change in condition 
may be permanent, may have required an intensive care unit admission 
or emergent readmit to hospital, may have required invasive monitoring, 
required interventions such as electrical cardioversion or unanticipated 
intubation or required major invasive procedures or transcatheter 
interventions to correct condition

Event requiring cardiopulmonary resuscitation
Event leading to surgery or 
repeatcatheterization
Stroke

5 – catastrophic Any death, and emergent surgery or heart lung bypass support (ECMO) 
to prevent death with failure to wean from bypass support

Event resulting in death

ECMO: Extracorporeal membrane oxygenation. 
Adapted with permission from [26].
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Isolated PDA scamp
A PDA is estimated to account for approxi-
mately 10% of all congenital heart defects [37] 
and clinical consequences can vary considerably 
depending on the size of the PDA. The potential 
adverse effects of an untreated hemodynamically 
significant PDA are well established, and in some 
early series, especially those published prior to 
the advent of antibiotic therapy for infective 
endocarditis, life expectancy for the patient with 
a PDA was quoted as half that for an unaffected 
patient of the same age and cardiac anatomy 
[37]. Most investigators are in agreement that 
moderate or large PDAs, especially those with 
hemodynamic significance or associated infec-
tive endocarditis, should be closed. Management 
of the very small or clinically silent PDA is more 
controversial [38–43].

Based on a comprehensive review of the lit-
erature, and estimates of risk derived from those 
data, McElhinney et al. concluded that there is 
no evidence to support a superior risk:benefit 
balance for routine closure of the very small, 
hemodynamically insignif icant PDA [44]. 
Accordingly, they concluded that it would be 
difficult to justify closure of such defects sim-
ply to reduce the risk of infectious endocar-
ditis and its complications [44]. Largely based 
on this analysis, a SCAMP to guide decision-
making around indications for PDA closure in 
patients with an isolated PDA was created. This 
SCAMP is designed to include all patients over 
1 year of age, with an isolated PDA on echocar-
diogram with no other congenital heart disease 
(other than bicuspid aortic valve). Patients with 
a history of known or suspected pulmonary 
arterial hypertension, history of endocarditis, 
documented arrhythmias, cardiomyopathy or 
genetic syndromes associated with development 
of cardiomyopathy, and patients with greater 
than mild left ventricular dysfunction (ejection 
fraction: ≤40%) are excluded. The decision-
support diagram for this SCAMP is designed 
to recommend referral for closure in patients 
that have a hemodynamically significant PDA 
and patients that have an anatomically moder-
ate or large size PDA. If there are no findings 
to suggest a hemodynamic load, and the PDA is 
small, observation only is recommended.

This SCAMP is an example of standardizing 
the indications for a transcatheter intervention. 
As with other SCAMPs, the ultimate decision 
is left to the clinician, but if the final decision 
differs from the SCAMP recommendation, 
this deviation and the reasons for it are docu-
mented, with the objective of learning about the 

decision-making process. Over time, if trends 
are identified or new information is revealed, the 
SCAMP recommendations could be changed 
based on these deviations. Although it is too 
early in the process to draw any conclusions from 
the available data, the hope is that this SCAMP 
will represent an example of how by standard-
izing the indications for a procedure with the 
goal of reducing the risk to the patient, resource 
utilization may be optimized. 

Congential AS SCAMP
Another example of using the SCAMP methodol-
ogy to standardize the indications for catheteriza-
tion is the congenital AS SCAMP. The goal of 
this SCAMP is to guide management decisions 
in patients ≥6 months of age with AS (defined 
as echocardiographic gradient ≥15 mmHg) as 
the dominant hemodynamic disorder. Patients 
with echocardiographic gradients (defined as the 
maximum instantaneous gradient from the apical 
view or the mean gradient from the suprasternal 
notch view) <55 mmHg are monitored clini-
cally at different intervals. The follow-up inter-
vals depend on the patient’s age, left ventricular 
function, and degree of stenosis. Much of the 
focus of this SCAMP centers around identify-
ing specific markers that can help stratify the rate 
of progression of AS, which is beyond the scope 
of this review. In patients with an echocardio-
graphic gradient of 55 mmHg or higher, a cardiac 
catheterization is recommended. The goal is to 
reduce the number of unnecessary catheteriza-
tions, and to ensure that patients that require an 
 intervention receive it in a timely fashion.

 n Standardization of cardiac 
catheterization procedures for 
congenital heart disease
The balloon aortic valvuloplasty (BAV) for con-
genital AS SCAMP is the first purely catheter-
ization-based procedural SCAMP. It is designed 
to aid in the intraprocedural decision-making 
process during a BAV procedure, with the goal of 
improving the efficacy and safety of the procedure.

The safety and efficacy of BAV for AS have 
been established over the last 30 years [45–60]. 
BAV has since become the first-line of therapy 
for congenital AS in neonates, children and 
young adults in most centers [46–50,52,54,55,57–59]. 
Although much has been learned about the 
technical aspects of BAV, and over time the 
procedure has become safer and more effica-
cious [54], little is known about how alternative 
intraprocedural management decisions affect 
long-term outcomes after the procedure.
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The American Heart Association has released 
a scientific statement providing recommendations 
for the indications for BAV in congenital AS [61]. 
These recommendations are based on data from 
the Natural History studies, which showed that 
patients with initial catheterization-obtained gra-
dients across the aortic valve of ≥50 mmHg were at 
increased risk of serious arrhythmias and possibly 
sudden death. Therefore, the recommendations 
are to perform BAV in patients with congenital 
AS with a catheter-obtained resting peak systolic 
gradient of ≥50 mmHg for asymptomatic patients, 
and ≥40 mmHg for patients with symptoms of 
angina or syncope or ischemic ST-T wave changes 
on electrocardiography at rest or with exercise. 
Consideration is also given to clinical scenarios 
where the patient is considering pregnancy or 
strenuous athletic activities. Even though inter-
vention is not recommended for asymptomatic 
patients with gradients ≤40 mmHg, the Natu-
ral History studies did suggest that patients with 
gradients between 25 and 49 mmHg were also at 
increased risk of serious ventricular arrhythmia. 
Based on this observation, and as the procedure 
has become safer over the last two decades, our 
practice has evolved towards intervening for gra-
dients <50 mmHg. This change in practice was 
incorporated into the SCAMP. The design of 
the SCAMP was also aimed at maximizing free-
dom from aortic valve replacement. Long-term 
follow-up after BAV reveals an ongoing, steady 
hazard for repeat interventions, including aortic 
valve replacement (AVR) [62]. It is clear that the 
reintervention-free survival of patients undergoing 
BAV depends largely on what balance of residual 
AS and aortic regurgitation (AR) is achieved with 
BAV. Patients leaving the catheterization labora-
tory with a lower gradient and less AR have a lon-
ger freedom from reintervention. However, there 
is no widely accepted definition of what consti-
tutes acute procedural success after BAV, and dif-
ferent investigators have used different definitions 
over the years [48,52,55,58,59].

For the purposes of the SCAMP, we wanted to 
create a definition of acute success that would cor-
relate with long-term outcomes after BAV, based 
on the available data in the literature. The largest 
single center experience that we could find that 
attempted to correlate acute outcomes with inter-
mediate and long-term outcomes was reported 
by Brown et al. and included 509 patients that 
underwent BAV at Boston Children’s Hospital 
(MA, USA) between 1985 and 2008, with a 
median follow-up of 9.3 years [62]. In order to 
elucidate the interaction between the degree of 
residual AS and postdilation AR, as they affect 

referral for AVR, they modeled combinations of 
residual AS gradient and AR grade at the end 
of the catheterization procedure. Their analysis 
suggested that AS reduction during BAV might 
have greater impact than minimizing AR, with 
regard to delaying aortic valve surgery [62]. Based 
on these data, the BAV for AS SCAMP prioritized 
achieving a residual gradient ≤35 mmHg, while 
attempting to avoid moderate AR.

The acute outcomes of BAV were, therefore, 
classified into the following categories based 
on the reported post-BAV AS gradient and the 
angiographic assessment of post-BAV AR:

 � Optimal: gradient ≤35 mmHg and trivial or 
no AR;

 � Adequate: gradient ≤35 mmHg and mild AR;

 � Inadequate: gradient >35 mmHg and/or 
 moderate or severe AR.

This hierarchy of outcomes was based on the 
freedom from AVR 10 years postdilation associ-
ated with each category [62]. Freedom from AVR 
after BAV for the cohort reported by Brown 
et al. with the patients categorized into these 
three combined outcome categories is shown 
in  Figure 1 [63].

The SCAMP was designed specifically for 
patients referred for catheterization primar-
ily for valvar AS. Therefore, several exclusion 
factors were identified, most of which marked 
patients with other left heart disease that might 
confound reoperation outcomes.

The technical details of aortic valve dila-
tion have been described previously [48,55,59]. 
Our institution’s overall approach to BAV has 
remained largely unchanged over the last two 
decades. The main changes in practice incor-
porated into the SCAMP were: first, interven-
ing for gradients less than 50 mmHg; second, 
repeated dilation to achieve residual AS gradient 
≤35 mmHg, and finally, more gradual increase in 
the balloon to annulus ratio, increasing the mea-
sured balloon size-to-aortic valve annulus ratio 
(BAR) by approximately 10% with each dilation. 
In small children and infants, this may require 
taking advantage of compliance characteristics 
of the balloons beyond their nominal pressures 
to deliver specific dilating diameters.

The decision support algorithm for the 
SCAMP (Figure 2) provides recommendations for 
some of the major technical aspects of the pro-
cedure, including initial BAR, criteria for repeat 
dilation, incremental increase in BAR with sub-
sequent dilations, and performance of aortic root 
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angiograms to evaluate AR. As allowed by the 
design of the SCAMP, practitioners are permit-
ted to deviate from the management recom-
mendations, though they are asked to document 
the reasons for deviation to allow subsequent 
analysis and potential SCAMP modification.

We recently reported the results of BAV in 
the first 23 patients enrolled in this SCAMP, 
as compared with matched historical controls 
that underwent BAV at our institution before 
implementation of the SCAMP [63]. Controls 
were identified by a search of the Department of 
Cardiology database which yielded 453 patients 
prior to 2010 who would have met criteria for the 
SCAMP. From this group, and starting with the 
most recent patients, we performed a 4:1 match 
of variables that have been previously shown to 
affect acute procedural outcomes: age category at 
intervention (categories: <1 month, 1–11 months, 
1–11 years and >11 years), echocardiographic AR 
grade before intervention (grades: none/trivial, 
mild, moderate or severe), AS gradient: within 
15 mmHg (peak-to-peak gradient measured at 
catheterization), history of prior BAV, history 
of surgical aortic valvuloplasty, presence of left 
ventricular dysfunction on precatheterization 
echocardiogram. This design ensured that the 
two groups were similar in most of the categories 
that are known to affect acute outcomes.

The technical aspects of the procedure did 
not differ significantly between the two groups. 
Although there was no difference in the mean of 
the minimum or maximum BAR in the SCAMP 
versus control groups, there was a trend towards 
less variability in the BAR in the SCAMP group 
(p = 0.07; Figure 3), suggesting a trend towards 
reduction in practice variation with use of 
the SCAMP.

All 23 SCAMP patients achieved a residual AS 
gradient ≤35 mmHg, and the median residual 
AS gradient for the SCAMP group was lower 
(25 [10–35] mmHg) than in matched controls 
(30 [0–65] mmHg; p = 0.005). Importantly, 
the two groups did not differ with regard to 
degree of AR grade after BAV. This finding sug-
gests that attempting to achieve a lower gradi-
ent using this SCAMP methodology does not 
necessarily result in greater AR. Compared to 
controls, SCAMP patients were more likely to 
have an optimal result, and less likely to have 
an inadequate result (52 vs 34% and 17 vs 45%, 
respectively; p = 0.02). 

Deviations from the SCAMP recommen-
dations were identified and reviewed. Overall 
adherence to the SCAMP decision support algo-
rithm was 78%. This is similar to that reported 

for other SCAMPs, which has varied between 
70 and 92% [32,34,36]. The point of deviation in 
all instances had to do with either balloon size 
or performance of aortography. The only change 
in the recommendations so far has been to elimi-
nate the initial aortogram for patients that have a 
precatheterization echocardiogram that showed 
trivial or no AR. This initial angiogram was elim-
inated in an effort to reduce the contrast load 
and radiation exposure, after the observation that 
no patient with trivial or no AR on precatheter-
ization echocardiogram had an angiogram that 
showed more significant AR before BAV.

Despite encouraging early results, these data 
are not conclusive and have several important 
limitations. Many more patients will be needed 
to determine conclusively whether the acute out-
comes are indeed improved by using the SCAMP 
methodology, and whether improved acute out-
comes translate into better long-term outcomes 
for this patient population. Until we have more 
conclusive data, this SCAMP should not be 
viewed as a widely applicable model on which to 
base care. In fact, as we continue to learn about 
BAV in patients with congenital AS and new 
data becomes available, we expect the SCAMP to 
evolve and adjust in a way that reflects the prac-
tices associated with the best outcomes. Never-
theless, the BAV for congenital AS SCAMP 
provides an example of how standardization of 
care can be incorporated into the pediatric cath-
eterization laboratory with the goals of reducing 
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Data derived with permission from the cohort reported by [61] and reproduced with 
permission from [63].
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Figure 2. decision support algorithm for the balloon aortic valvuloplasty standardized clinical assessment and 
management plan. 
†Each increase in BAR should not exceed 10%. BAR should always be calculated using the measured balloon size, not the nominal 
balloon size. 
AR: Aortic regurgitation; AS: Aortic stenosis; BAR: Balloon-to-annulus ratio; Echo: Echocardiogram; PCWp: Pulmonary capillary wedge 
pressure. 
Reproduced with permission from [63].
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practice variation, optimizing resource utilization 
and, ultimately, improving patient care.

Conclusion
Standardization of processes in medicine can 
lead to reductions in errors and improvement 
in outcomes. An excellent example of this is the 
implementation of surgical checklists, which has 
been shown to decrease morbidity and mortal-
ity in surgical patients [4]. Standardized clinical 
care pathways for surgical procedures providing 
a goal-directed approach for initial assessment, 
procedure selection, intraoperative management, 
and postoperative care have been demonstrated 
to reduce length of stay and costs and improve 
perioperative outcomes [4–8,10]. Clinical practice 
guidelines have also been shown to standardize 
care, diminish local variation of practice and 
improve healthcare outcomes [2]. However, there 
are challenges to applying these approaches in 
situations where the evidence in which to base 
‘best clinical practices’ are scant, limited or non-
existent. The spectrum of disease treated in the 
pediatric catheterization laboratory is wide, and 
each condition is relatively rare. Despite these 
limitations, major leaps have been achieved in 
the care of patients with congenital heart dis-
ease over the last 30 years. In fact, mortality 
for critical congenital heart disease in the USA 
decreased by nearly 40% between 1979 and 
1997 [64].

As summarized above, several multi-insti-
tutional registries and networks have recently 
emerged with the goal of assessing outcomes 
after cardiac catheterization in pediatric and 
adult patients with congenital heart disease. 
The data derived from these efforts will allow 
for the development of benchmarks that will 
provide the framework for quality improve-
ment efforts in the field of congenital interven-
tional cardio logy, including more widespread 
standardization of care.

As more data becomes available from these 
registries and networks, we will need better tools 
for the standardization of catheterization pro-
cedures. Specifically, tools that are designed to 
address the challenges inherent to a field that 
deals with a wide spectrum of relatively uncom-
mon conditions and procedures. Tools that have 
worked in other subspecialties, such as clinical 
practice guidelines, for example, may not be the 
best approach in the field of interventional pedi-
atric cardiology. The SCAMPs developed thus 
far have been created and specifically designed 
with these challenges in mind. Importantly, the 
implementation of SCAMPs includes a process 

of iterative analysis and modification, and 
therefore provides a mechanism for flexibility 
and change based on the data obtained from 
the SCAMP itself, as well as data that becomes 
available in the literature after the creation of the 
management algorithms [33–36].

Another unique feature of a SCAMP is that 
there is active collection of data on deviations 
from the recommended algorithm, which takes 
advantage of the idiosyncratic nature of clini-
cal practice in a heterogeneous population and 
provides opportunities for improving patient 
care [32]. This is especially important in a field 
like pediatric and congenital interventional 
cardio logy, in which a creative and innovative 
approach is sometimes necessary to obtain the 
best possible outcome for a specific patient, 
based on the intraprocedural findings. The 
SCAMP methodo logy is not meant to replace 
the operator’s best judgment. It is meant to pro-
vide guidance based on available data, with the 
implicit acknowledgment that the data will not 
apply to every specific situation, and therefore 
adjustments will be necessary.

Although it is not likely possible or practical 
to develop SCAMPs for all interventional pro-
cedures, we believe that this is an important tool 
for the standardization of care in the catheteriza-
tion laboratory. As we continue to learn about 
the process of standardizing care in the cardiac 
catheterization laboratory, we hope to improve 
the processes and tools used for this purpose, 
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Figure 3. Balloon-to-annulus ratios for the smallest (minimum) and largest 
(maximum) balloons used during balloon aortic valvuloplasty for patients 
in the standardized Clinical Assessment and Management Plan and control 
groups. 
BAR: Balloon-to-annulus ratio; SCAMP: Standardized Clinical Assessment and 
Management Plan. 
Reproduced with permission from [63]. 
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with the ultimate goal of improving patient care 
and outcomes. 

Future perspective
Standardization of care in the pediatric car-
diac catheterization laboratory is in its early 
phases, and this process is faced with signifi-
cant challenges common to all subspecialties 
that deal with relatively uncommon diseases. 
There have been significant strides made in 
the past decade that will help us face some of 
these challenges, but much work remains to 
be done. As benchmarks are developed and 
evidence-based data is produced over the com-
ing years, it will be important to continue to 
develop tools for standardization of care based 

on this data. We believe that this process will 
be an important component of the overall effort 
to improve patient safety and outcomes in the 
pediatric cardiac catheterization laboratory in 
the coming years.
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Executive summary

Establishing benchmarks, standardizing terminology & the use of registries in interventional pediatric cardiology 
 � The spectrum of disease in the field of pediatric cardiology is wide, and each condition is relatively rare, making assessment of individual 

case outcomes challenging.
 � Recently, the use of networks and registries has provided adequately powered data on which to base clinical practices. These 

multi-institutional endeavors will facilitate the data collection that will serve as the foundation for standardizing care in the field of 
pediatric and congenital cardiac catheterization.

Early experience with standardization of care in a congenital cardiac catheterization laboratory 
 � The Standardized Clinical Assessment and Management Plan has been developed as a quality improvement initiative, specifically 

designed for use in a relatively heterogeneous patient population with a single underlying diagnosis, standardizing assessment and 
management through an iterative data collection and analysis process. 

 � In the catheterization laboratory, this methodology has been used to standardize the indications for interventions in patients with 
isolated patent ductus arteriosus and congenital aortic stenosis, as well as to standardize intrapocedural decision-making during balloon 
aortic valvuloplasty procedures. Even though this experience is in its very early phases, the results to date have been encouraging. 
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