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Abstract

Background: CHD care is resource-intensive. Unwarranted variation in care may increase cost
and result in poorer health outcomes. We hypothesise that process variation exists within the
pre-operative evaluation and planning process for children undergoing repair of atrial septal
defect or ventricular septal defect and that substantial variation occurs in a small number of care
points. Methods: From interviews with staff of an integrated congenital heart centre, an initial
process map was constructed. A retrospective chart review of patients with isolated surgical
atrial septal defect and ventricular septal defect repair from 7/1/2018 through 11/1/2020
informed revisions of the process map. The map was assessed for points of consistency and
variability. Results: Thirty-two surgical atrial septal defect/ventricular septal defect repair
patients were identified. Ten (31%) were reviewed by interventional cardiology before surgical
review. Of these, 6(60%) had a failed catheter-based closure and 4 (40%) were deemed
inappropriate for catheter-based closure. Thirty (94%) were reviewed in case conference, all
attended surgical clinic, and none were admitted prior to surgery. The process map from
interviews alone identified surgery rescheduling as a point of major variability; however, chart
review revealed this was not as prominent a source of variability as pre-operative interventional
cardiology review. Conclusions: Significant variation in the pre-operative evaluation and
planning process for surgical atrial septal defect/ventricular septal defect patients was identified.
If such process variation is widespread through CHD care, it may contribute to variations in
outcome and cost previously documented within CHD surgery. Future research will focus on
determining whether the variation is warranted or unwarranted, associated health outcomes
and cost variation attributed to these variations in care processes.

CHD occurs in approximately 1 in 100 live births and is a resource-heavy specialty.1–4 While
only accounting for 4% of total paediatric hospitalisations, CHD admissions account for 15% of
total hospital spending.2 Improving the value of healthcare, understood broadly as outcomes /
cost,5 requires a clear understanding of the resources utilised to provide CHD care.

Time-Driven Activity-Based Costing is an approach to costing introduced by Kaplan and
Anderson at Harvard Business School in 2004 that combines process mapping used in electrical
engineering with activity-based costing used in accounting.6 It identifies the prominent activities
and materials used to deliver a service and assigns time-based person costs and material costs to
each activity in order to calculate overall cost. Identifying the prominent activities of a care
process is the first step of Time-Driven Activity-Based Costing analysis.7 Understanding
variation, cost and outcomes allows identification of the most high-value processes in care.5,8,9

CHD outcomes, care processes, and resource utilisation vary by individual lesion, disease
acuity, institution, and specific patient circumstances.2,10–12 Variation can be categorised as
either warranted variation, which is based on analysis of outcomes and guidelines, or
unwarranted variation, based on clinician preference and not supported by data or research.8

The high variability in costs for CHD procedures cannot be explained solely by case type or
volume of procedures performed at a particular institution, which would constitute
unwarranted variation13. It is likely that numerous other factors contribute to the wide range
of outcomes and costs. While care appropriately varies based on specific, heterogeneous patient
needs, process variation, particularly unwarranted variation, is a prominent contributor to
variability in outcomes and costs.8,9,14–18
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Care improvement through variation reduction is mainly
described among high-risk procedures; however, substantial
variation has been identified in lower-risk lesions as well.11 It is
likely that a large amount of process variation is idiosyncratic and
results from differences among individual clinician’s processes and
preferences.19–21 Additionally, incentives that exist between
providers and specialties may impact care processes.22

The identification of process variation enables comparing the
outcomes of different processes with the goal to streamline care by
increasing the use of processes found to provide the highest value
(better outcomes and lower costs).19 Only once variation is
identified can it be analysed as warranted or unwarranted. For this
study, outpatient isolated repairs of atrial septal defect and
ventricular septal defect were selected as they constitute relatively
low-risk procedures that tend to occur electively. The goal of this
study was to map the process of pre-operative evaluation and
planning of outpatients undergoing isolated repair of atrial septal
defect or ventricular septal defect at a single institution and identify
the presence of variations in the process as a pilot use of process
mapping to address cost in CHD.

Materials and methods

Patient population

The study included all outpatients with a diagnosis of isolated atrial
septal defect or ventricular septal defect that underwent surgical
repair at a single institution from October 2018 through October
2020. Patients were excluded if they were inpatients during
evaluation and surgical intervention, underwent successful atrial
septal defect or ventricular septal defect device closure without
surgical consultation or case conference presentation, were
referred through sponsorship by an international non-govern-
mental organisation, or carried additional CHD anomalies that
necessitated surgical intervention. Patient demographic and
clinical data were retrospectively extracted from patient charts.
The Institutional Review Board at The University of Texas at
Austin approved this study and waived the need for informed
consent.

Care team interviews to build initial process map

A series of interviews with congenital heart surgeons, advanced
practice practitioners, and nurse navigators was conducted to build
the perceived pre-operative process map for patients who undergo
surgical closure of an atrial septal defect or ventricular septal defect
at the institution. The goal of the interviews was to ascertain the
perceived flow of care for atrial septal defect and ventricular septal
defect patients, including perceived points of variation and
consistency within the process. The interviews were structured
as an open discussion to build out all major points of care between
a paediatric cardiologist’s decision for necessary intervention and
the patient entering the operating room for repair. The sequential
points of care identified in these interviews were built into a process
map and edited usingMiro design software (www.miro.com). Each
iteration of the process map was re-distributed to the cardiac care
team at-large (including paediatric cardiologists and paediatric
cardiac anaesthesiologists) for review and edited from the resulting
feedback until the team agreed on the accuracy of the perceived
process map. No patient data were utilised during initial process
map building.

Initial retrospective chart review

After the perceived process map was complete, 5 patients within
the overall study cohort were randomly selected for retrospective
chart review to determine if there were areas identified in the
review that required further group discussion. Their care processes
were mapped onto the perceived process map.

Care team responses

The process map with 5 retrospective patient chart data was
presented to the care team for review and discussion. Discussion of
the process map centred on points of care that differed from the
initial perceived process map built by the care team. The team
assessed whether these deviations represented an outlier or a care
variation (differences in the processes clinicians use for relatively
similar patient situations).

Complete retrospective chart review

To further understand the process map and whether deviations
seen in the initial patient chart review were outliers or represented
process variation, we performed a retrospective chart review of all
isolated outpatient atrial septal defect and ventricular septal defect
surgical patients during the study period. A total of 32 patient
charts were reviewed, which included the 5 patients analysed in the
initial retrospective review. The care pathway for each patient was
mapped onto the existing process map. Percentages were added to
the process map at each care point to reflect the proportion of
patients that underwent that point in care. Points of care that
deviated from the perceived process map were added to the map.

Statistical analysis

Descriptive statistics were utilised, and data are presented as
proportions for categorical variables and as a median [25
percentile–75 percentile] for continuous variables.

Results

Perceived process map

The initial process map aftercare team discussions determined five
main care and/or decision points involved in the pre-operative
course for CHD patients undergoing surgical repair of an atrial
septal defect or ventricular septal defect (Fig. 1). These points
include decision of necessary intervention by the cardiologist, case
conference, surgical clinic visit, pre-operative anaesthesia testing,
and clearance for the procedure (Fig. 1). During process mapping,
the clinical team identified significant variation around surgical
rescheduling, defined as any time between initial procedure
scheduling and the patient entering the operating room. Pre-
operative anaesthesia testing was thought to occur within the week
before the scheduled surgery, and the day-of-surgery anaesthesia
assessment to occur either the day of surgery, or the night before
surgery for patients who were preadmitted.

Patient characteristics

A total of 32 patients were identified for inclusion in the analysis.
There were 24 atrial septal defect patients and 8 ventricular septal
defect patients. Median age at surgical intervention was 6.8 [2–9]
years. Atrial septal defect patients had a median age of 4 [2–7.25]
years, and ventricular septal defect patients had a median age of 8
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[4.25–9.25]. Overall, 16 (50%) patients were female; 24 (75%)
patients carried a diagnosis of atrial septal defect. The most
common procedure was atrial septal defect patch repair
(22, 68.8%), followed by ventricular septal defect patch repair
(6, 18.7%). During the study period, 100% of ventricular septal
defect cases at our centre were closed surgically and 53% of atrial
septal defect cases at our centre were closed surgically (Table 1).

Complete retrospective chart review

After review of all 32 eligible patients, points of variability
identified included (1) interventional cardiology case review and
intervention before heart centre case review, and (2) surgery
rescheduling before pre-operative testing. Variation due to patient
family preference included 3 (9.4%) families delaying surgical
consult after decision for necessary intervention was made and 1
(3.1%) family seeking a second opinion after decision for necessary
intervention was made (Fig. 2).

Percentage of patients at each care point

Of the 32 patients included in the retrospective chart review, 30
(94%) patients were reviewed in case conference, all attended
surgical clinic, and all underwent both pre-operative and day-of-
surgery anaesthesia testing (Fig. 2). Process variation occurred
within interventional cardiology review, where 10 (31%) patients
were reviewed prior to surgical review. Of these 10 patients, 4
(40%) were deemed amenable to catheter-based repair and
subsequently underwent an unsuccessful attempt of catheter-
based repair, the remainder were deemed poor candidates for
catheter-based closure of the defect. Process variation was also seen
in surgery rescheduling, where 3(9%) patients had their surgery
rescheduled once and 2 (6%) had their surgery rescheduled twice.
Of the 5 patients rescheduled, 2 (40%) had an additional
cardiologist outpatient visit before their rescheduled surgical date.

Discussion

Care points

The majority of atrial septal defect and ventricular septal defect
patients that were surgically repaired were presented in multidis-
ciplinary case conference, had a surgical clinic visit, and underwent
all pre-operative anaesthesia testing. Multidisciplinary case
conference plays a central role in management decisions for

congenital heart surgery patients who may require surgery at our
centre. Multidisciplinary case conference likely has many benefits
for patients and their families and allows for the most appropriate
surgical candidates to be selected for operative management. Our
study revealed surgical rescheduling to be a point of variability for
patients, which was expected by our providers. While rescheduling
may be warranted when emergent procedures arise, it likely causes
distress for patients and their families. Minimising surgical
rescheduling variability is a way to increase value for these patients.

Patient characteristics

The median age of our patient population is older than previously
described, likely due to the fact that the cohort only included those
diagnosed in the outpatient setting and excluded those with
concomitant procedures.23,24 The cohort of surgical patients
analysed in this study comprises 100% of ventricular septal defect
cases at our centre, and 53% of atrial septal defect cases at our
centre. The additional 47% atrial septal defect cases were repaired
in the catheterisation lab.

Process mapping

Porter and Teisberg define value in healthcare as the improvement
in a patient’s health outcomes for the cost of achieving that
improvement.5 The creation of a process map is an important first
step in improving the value of care by allowing a clear
understanding of variation in care processes and identification
of high-impact and high-volume care points. These data can then
be used to optimise and streamline those care processes.

The current study identified areas of variability and consistency
within the pre-operative evaluation and planning of patients with
isolated atrial septal defects and ventricular septal defects. During
the initial process map building through interviews with care
personnel, the team identified surgery rescheduling as a point with
significant variability while identifying case conference and
surgical clinic as points of consistency. The retrospective chart
review confirmed the consistency at case conference and surgical
clinic with almost all patients being presented at case conference
and all being seen in surgery clinic. It further confirmed variation
at surgery rescheduling but at a lower rate than initially expected.
In addition, no patient was rescheduled after pre-operative
anaesthesia testing requiring repeat testing. Two of the 5 patients

Figure 1. Perceived Process Map of the Preoperative Course for Surgical Closure of isolated ASD and VSD.
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who were rescheduled had an additional cardiology outpatient
appointment prior to their new surgery date.

Comparing the process map designed by the care team to patient
records not only revealed new areas of variability and confirmed areas
of perceived variability and consistency but more importantly
provided insight into systematic assumptions about the care pathway
that can be challenging to identify by single providers in a larger
process. While routine points of care were expected, such as clinical
pre-operative anaesthesia evaluation, more specific trends within that
point in care were elucidated in this analysis. For example, all isolated
atrial septal defect or ventricular septal defect patients in this chart
review received clinical pre-operative anaesthesia evaluation the day
of their procedure with none admitted the night before, thus
confirming the care team’s perception that this is a common pathway
for these patients.

When developing these types of process maps, there are 3
different perspectives that providers may incorporate into the
maps: (a) how they think the process happens at their centre, (b)
the ideal way the process ought to happen, or (c) all the possibilities
of how the process may happen. We found that simply asking
providers how they think a process happens without further
clarification is suboptimal because it conflates these 3 separate
viewpoints. We recommend clarifying between actual, ideal, or all
possible processes when asking providers how a particular process
happens at their centre.

At the start of the study, the clinicians expressed the belief that
there was minor variation in this process, and points of expected
variation were known to exist but their magnitude was not clearly
understood. This study illustrates the presence of process variation
in the care of the less complex lesions in CHD and potentially
indicates that even larger variations in care exist for more complex
patients who require more steps in their care processes.

Assessing warranted and unwarranted variation

Variability in healthcare is not a novel realisation and occurs both
among and within care institutions. Warranted variation is both
unavoidable and necessary even within high-value clinical practice.
For example, rescheduling a case due to infection or postponing a
planned non-emergent case due to an emergent operation for
another patient is likely desirable and/or unavoidable. The
pertinent question regarding care variation is whether the variation
is warranted (based on analysis of outcomes and guidelines) or
unwarranted (based on clinician preference not supported by data
or research). Unwarranted variation in care is associated with
worse outcomes. This relationship is well-documented and
explains why understanding areas of variability is critical to
delivering high-value care.8,9,14,16–18,29,30

Within congenital heart surgery alone, variation in the
management of specific diagnoses such as tetralogy of Fallot
differs among providers and institutions.31–34 While this example
illustrates variation among different institutions, unwarranted
variation often occurs in clinical practice within the same
institution.19

Utah’s state-wide Intermountain Healthcare network under-
took large efforts to reduce unwarranted variation within their care
processes. By identifying variation within their system and
constructing team-based care processes to reduce it, they
significantly improved patient outcomes and reduced costs, thus
improving value.19

Care improvement through variation reduction relies on
detailed process maps to identify where variation occurs.35 The
interventional cardiology pathway and surgical scheduling points
reflected in Figure 1 are areas of high variability for atrial septal
defect and ventricular septal defect patients at our centre.
Determining the clinical care activities within each care point is
the first step to tackling unwarranted variation in atrial septal
defect and ventricular septal defect pre-operative evaluation and
planning. Our study aims to point out where variation exists, but
does not identify whether the variation is warranted or
unwarranted. For future analyses, it is critical to determine if
decisions made within highly variable care points are consistently
based on analysis of outcomes and guidelines – warranted
variation – or based on clinician preference not supported by
data or research – unwarranted variation. Further analysis of
various decision criteria is needed to assess whether the differences
in outcomes are warranted, unwarranted, or a mixture of both.

Variation in care also affects patients and families in terms of
time, monetary expenses, psychological burden, and trust in the
healthcare system.36 In routine paediatric emergency department
visits for asthma exacerbation, variation in treatment not only
causes significant differences in the length of an emergency
department stay but also differences in the severity of patients that
are admitted to the hospital and the patient’s total cost of
emergency department admission.36 Discrepancies in treatment
for the same condition may cause patients to avoid seeking care
when it is needed because of the perceived waste of time or cost.

Redefining care processes for patients

From the patient and family perspective, the main outcome for
atrial septal defect and ventricular septal defect repair is to have the
defect closed. Currently, reported failure rates of catheter-based
intervention range from 3.7% by Siddiqui at el to 4.3% by Du et al
looking at secundum atrial septal defect closure alone.37,38 As a
result, a known proportion of patients are worked up by

Table 1. Patient characteristics.

Variable Data

Total number of patients 32

Female, n (%) 16 (50)

Age in years at surgical intervention, median
[25%tile–75%tile]

6.8 [2–9]

Atrial septal defect 4 [2–7.25]

Ventricular septal defect 8 [4.25–9.25]

Diagnosis, n (%)

Atrial septal defect 24 (75)

Ventricular septal defect 8 (25)

Procedure, n (%)

Atrial septal defect patch repair 22 (68.8)

Ventricular septal defect patch repair 6 (18.7)

Atrial septal defect primary repair 2 (6.3)

Ventricular septal defect primary repair 2 (6.3)

History of attempted catheter-based device closure,
n (%)

4 (12.5)

Proportion of total repair cases

Atrial septal defect 24 (53)

Ventricular septal defect 8 (100)
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interventional cardiology, undergo general anaesthesia for a
catheter-based procedure, fail closure, wake up from anaesthesia,
and are forced to return home and start the same process again
with the surgical team. Even with a high catheter-based closure
success rate, a large absolute number of atrial septal defects
undergoing catheter-based closure means that there are a large
number of atrial septal defect patients that fail catheter-based
closure and require surgical intervention. This means there is
opportunity to improve value of care for these patients by
improving efficiency. A more efficient, streamlined approach may
result in reduced costs and higher value to the patient and their
family as well as the providers and healthcare system. For example,
an approach where patients are counselled pre-operatively for both
catheter-based and possible surgical closure, undergo a single
admission with a single anaesthesia induction and undergo the
necessary repair as indicated, either by catheter or surgical
intervention. A new streamlined approach would help families in
accounting for the risk of redundancy and should be explored in
greater detail. It is possible to envision a potential process map

towards this end for patients and families. It is possible the time
between cath and surgical procedures is beneficial for patients and
families who have more time to mentally and emotionally process
the need for surgery. However, it is also likely time between
procedures heightens anxiety for patients and families. It is
important to measure the effect time has on the patients and
families waiting for a second closure attempt in order to inform the
most high-value and efficient process. The development of high-
value processes from the patient and family perspective may
reduce patient burden and cost, and enhance outcomes.

Limitations

Limitations of our analysis include the small sample size of isolated
atrial septal defect and ventricular septal defect patients analysed in
the study. This analysis focused only on outpatients undergoing
repair of atrial septal defect and ventricular septal defect as the
process for inpatients would be different, thus limiting the
generalisability of the process map and findings to this particular

Figure 2. Process Map of the Preoperative Course for Surgical Closure of isolated ASD and VSD.
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cohort. It is also possible that the patients included in the study do
not accurately represent all patients requiring repair of isolated
atrial septal defect and ventricular septal defect as part of a large
cohort. The study encompasses findings in only one centre. It is
possible that process variation may be different in other centres,
thus also limiting the generalisability of the findings.

Conclusions and future directions

Processmapping using both care team interviews and retrospective
chart reviews allows for points of variability to be identified so they
can be addressed, analysed as warranted or unwarranted, and
streamlined in order to provide higher-value care for patients and
families. This small pilot study not only demonstrates how process
mapping can be useful in quantifying variation and identifying
opportunities to streamline care but also sets the stage to use Time-
Driven Activity-Based Costing methodology to analyse the cost
incurred at each care point within the process. The development of
process maps that include other portions of the pathway (e.g.,
diagnosis, intraoperative, and post-operative periods) and other
disease conditions will be necessary to gain a better understanding
of CHD care processes. This methodology may be applied to
analyse variation in other congenital cardiac conditions.
Additionally, conducting multi-institutional assessments may
elucidate inter-institutional variation and better define high-value
care for CHD patients. We expect initiatives like this will help
streamline the way CHD care is provided and ultimately improve
outcomes and reduce cost.

Acknowledgements. The authors would like to thank all of the individuals
from the Texas Center for Pediatric and CHD and hospital leadership at
Ascension Hospitals who participated and contributed to the development of
the pre-operative process map for children undergoing surgical atrial septal
defect or ventricular septal defect repair, and the faculty and staff at The Value
Institute for Health and Care for their support and direction of this work.

Financial support. This research received no specific grant from any funding
agency, commercial, or not-for-profit sectors.

Competing interests. None.

References

1. Hoffman JIE, Kaplan S. The incidence of congenital heart disease. J AmColl
Cardiol 2002; 39: 1890–1900. DOI: 10.1016/S0735-1097(02)01886-7.

2. Simeone RM, Oster ME, Cassell CH, Armour BS, Gray DT, Honein MA.
Pediatric inpatient hospital resource use for congenital heart defects. Birt
Defects Res A Clin Mol Teratol 2014; 100: 934–943. DOI: 10.1002/bdra.
23262.

3. Thomas ID, Seckeler MD. Resource utilization for noncardiac admissions
in pediatric patients with single ventricle disease. Am J Cardiol 2016; 117:
1661–1666. DOI: 10.1016/j.amjcard.2016.02.043.

4. Seckeler MD, Moe TG, Thomas ID, et al. Hospital resource utilization for
common noncardiac diagnoses in adult survivors of single cardiac ventricle.
Am J Cardiol 2015; 116: 1756–1761. DOI: 10.1016/j.amjcard.2015.09.008.

5. Porter ME, Teisberg EO. Redefining Health Care: Creating Value-Based
Competition on Results. Harvard Business Review Press, 2006; 1: 1.

6. Kaplan RS, Anderson SR. Time-driven activity-based costing. Harv Bus Rev
2004; 82: 11.

7. Porter ME, Kaplan RS. How to solve the cost crisis in health care. Harv Bus
Rev 2011; 4: 47–64.

8. Wennberg JE. Unwarranted variations in healthcare delivery: implications
for academic medical centres. BMJ 2002; 325: 961–964.

9. Wennberg JE. Time to tackle unwarranted variations in practice. BMJ 2011;
342: d1513–d1513. DOI: 10.1136/bmj.d1513.

10. Faraoni D, Nasr VG, DiNardo JA. Overall hospital cost estimates in children
with congenital heart disease: analysis of the 2012 Kid’s inpatient database.
Pediatr Cardiol 2016; 37: 37–43. DOI: 10.1007/s00246-015-1235-0.

11. Pasquali SK, Thibault D, O’Brien SM, et al. National variation in congenital
heart surgery outcomes. Circulation 2020; 142: 1351–1360. DOI: 10.1161/
CIRCULATIONAHA.120.046962.

12. Jacobs JP, O’Brien SM, Pasquali SK, et al. Variation in outcomes for
benchmark operations: an analysis of the society of thoracic surgeons
congenital heart surgery database. Ann Thorac Surg 2011; 92: 2184–2192.
DOI: 10.1016/j.athoracsur.2011.06.008.

13. O.’ByrneMichael L, Glatz AndrewC, Faerber Jennifer A, et al. Interhospital
variation in the costs of pediatric/Congenital cardiac catheterization
laboratory procedures: analysis of data from the pediatric health
information systems database. J Am Heart Assoc 2019; 8: e011543.
DOI: 10.1161/JAHA.118.011543.

14. Wennberg JE. Forty years of unwarranted variation—And still counting.
Health Policy 2014; 114: 1–2. DOI: 10.1016/j.healthpol.2013.11.010.

15. Wennberg J, Gittelsohn A. Small area variations in health care delivery.
Science 1973; 182: 1102–1108.

16. Fisher ES,Wennberg DE, Stukel TA, Gottlieb DJ, Lucas FL, Pinder É.L. The
implications of regional variations in medicare spending. part 1: the
content, quality, and accessibility of care. Ann Intern Med 2003; 138:
273–287. DOI: 10.7326/0003-4819-138-4-200302180-00006.

17. Fisher ES,Wennberg DE, Stukel TA, Gottlieb DJ, Lucas FL, Pinder É.L. The
implications of regional variations in medicare spending. part 2: health
outcomes and satisfaction with care. Ann Intern Med 2003; 138: 288–298.
DOI: 10.7326/0003-4819-138-4-200302180-00007.

18. Song Y, Skinner J, Bynum J, Sutherland J,Wennberg JE, Fisher ES. Regional
variations in diagnostic practices. N Engl J Med 2010; 363: 45–53.

19. James BC, Savitz LA. How intermountain trimmed health care costs
through robust quality improvement efforts. Health Aff (Millwood) 2011;
30: 1185–1191. DOI: 10.1377/hlthaff.2011.0358.

20. Jacobs JP, He X,Mayer JE, et al.Mortality trends in pediatric and congenital
heart surgery: an analysis of the society of thoracic surgeons congenital
heart surgery database. Ann Thorac Surg 2016; 102: 1345–1352. DOI: 10.
1016/j.athoracsur.2016.01.071.

21. Jacobs JP, O’Brien SM, Pasquali SK, et al. Variation in outcomes for risk-
stratified pediatric cardiac surgical operations: an analysis of the STS
congenital heart surgery database. Ann Thorac Surg 2012; 94: 564–572.
DOI: 10.1016/j.athoracsur.2012.01.105.

22. Doran T, Maurer KA, Ryan AM. Impact of provider incentives on quality
and value of health care. Annu Rev Public Health 2017; 38: 449–465.
DOI: 10.1146/annurev-publhealth-032315-021457.

23. Parvathy U, Balakrishnan KR, Ranjith MS, Saldanha R, Vakamudi M.
Surgical closure of atrial septal defect in children under two years of age.
Asian Cardiovasc Thorac Ann 2004; 12: 296–299. DOI: 10.1177/
021849230401200404.

24. Schipper M, Slieker MG, Schoof PH, Breur JMPJ. Surgical repair of
ventricular septal defect; contemporary results and risk factors for a
complicated course. Pediatr Cardiol 2017; 38: 264–270. DOI: 10.1007/
s00246-016-1508-2.

25. Brown KN, Adnan G, Kanmanthareddy A. Catheter Management of
Ventricular Septal Defect. In StatPearls. StatPearls Publishing,
Treasure Island (FL), 2022, https://www.ncbi.nlm.nih.gov/books/
NBK538177/

26. Menillo AM, Lee LW, Pearson-Shaver AL. Atrial septal defect. In
StatPearls. StatPearls Publishing, Treasure Island (FL), 2022, https://
www.ncbi.nlm.nih.gov/books/NBK535440/

27. Hanslik A, Pospisil U, Salzer-Muhar U, Greber-Platzer S, Male C.
Predictors of spontaneous closure of isolated secundum atrial septal
defect in children: a longitudinal study. Pediatrics 2006; 118: 1560–1565.
DOI: 10.1542/peds.2005-3037.

28. Dakkak W, Oliver TI. Ventricular septal defect. In StatPearls. StatPearls
Publishing, Treasure Island (FL), 2017, https://www.ncbi.nlm.nih.gov/
books/NBK470330/

29. Wennberg JE. Small area variations in health care delivery9. Science 1973;
182: 1102–1108. DOI: 10.1126/science.182.4117.1102.

Cardiology in the Young 169

https://doi.org/10.1017/S1047951123001336 Published online by Cambridge University Press

https://doi.org/10.1016/S0735-1097(02)01886-7
https://doi.org/10.1002/bdra.23262
https://doi.org/10.1002/bdra.23262
https://doi.org/10.1016/j.amjcard.2016.02.043
https://doi.org/10.1016/j.amjcard.2015.09.008
https://doi.org/10.1136/bmj.d1513
https://doi.org/10.1007/s00246-015-1235-0
https://doi.org/10.1161/CIRCULATIONAHA.120.046962
https://doi.org/10.1161/CIRCULATIONAHA.120.046962
https://doi.org/10.1016/j.athoracsur.2011.06.008
https://doi.org/10.1161/JAHA.118.011543
https://doi.org/10.1016/j.healthpol.2013.11.010
https://doi.org/10.7326/0003-4819-138-4-200302180-00006
https://doi.org/10.7326/0003-4819-138-4-200302180-00007
https://doi.org/10.1377/hlthaff.2011.0358
https://doi.org/10.1016/j.athoracsur.2016.01.071
https://doi.org/10.1016/j.athoracsur.2016.01.071
https://doi.org/10.1016/j.athoracsur.2012.01.105
https://doi.org/10.1146/annurev-publhealth-032315-021457
https://doi.org/10.1177/021849230401200404
https://doi.org/10.1177/021849230401200404
https://doi.org/10.1007/s00246-016-1508-2
https://doi.org/10.1007/s00246-016-1508-2
https://www.ncbi.nlm.nih.gov/books/NBK538177/
https://www.ncbi.nlm.nih.gov/books/NBK538177/
https://www.ncbi.nlm.nih.gov/books/NBK535440/.
https://www.ncbi.nlm.nih.gov/books/NBK535440/.
https://doi.org/10.1542/peds.2005-3037
https://www.ncbi.nlm.nih.gov/books/NBK470330/
https://www.ncbi.nlm.nih.gov/books/NBK470330/
https://doi.org/10.1126/science.182.4117.1102
https://doi.org/10.1017/S1047951123001336


30. FAQ. Dartmouth atlas of health care. https://www.dartmouthatlas.org/faq/.
Accessed May 19, 2021.

31. Well A, Mery CM. Commentary: the many roads traveled in tetralogy
of fallot repair. J Thorac Cardiovasc Surg 2020; 159: 237–238. DOI: 10.
1016/j.jtcvs.2019.09.024.

32. Fraser CD, Bacha EA, Comas J, Sano S, Sarris GE, Tsang VT. Tetralogy of
Fallot. Semin Thorac Cardiovasc Surg 2015; 27: 189–204. DOI: 10.1053/j.
semtcvs.2015.08.006.

33. Morales DLS, Zafar F, Heinle JS, et al. Right ventricular infundibulum
sparing (RVIS) tetralogy of fallot repair: a review of Over 300 patients.
Ann Surg 2009; 250: 611–617. DOI: 10.1097/SLA.0b013e3181
b79958.

34. Fraser CD. The ongoing quest for an ideal surgical repair for tetralogy of
fallot: focus on the pulmonary valve. J Thorac Cardiovasc Surg 2015; 149:
1364. DOI: 10.1016/j.jtcvs.2015.02.052.

35. Kaplan RS, Feeley TW, Witkowski ML, Albright HW. Intelligent redesign
of health care. Harv Bus Rev 2013; 10: 1.

36. Hartford EA, Klein EJ, Migita R, Richling S, Chen J, Rutman LE. Improving
patient outcomes by addressing provider variation in emergency depart-
ment asthma care. Pediatr Qual Saf 2021; 6: e372. DOI: 10.1097/pq9.
0000000000000372.

37. Siddiqui WT, Usman T, Atiq M, Amanullah MM. Transcatheter versus
surgical closure of atrial septum defect: a debate from a developing
country. J Cardiovasc Thorac Res 2014; 6: 205–210. DOI: 10.15171/jcvtr.
2014.013.

38. Du ZD, Hijazi ZM, Kleinman CS, Silverman NH, Larntz K, Investigators
Amplatzer. Comparison between transcatheter and surgical closure of
secundum atrial septal defect in children and adults: results of amulticenter
nonrandomized trial. J Am Coll Cardiol 2002; 39: 1836–1844. DOI: 10.
1016/s0735-1097(02)01862-4.

170 C. C. Dawson-Gore et al.

https://doi.org/10.1017/S1047951123001336 Published online by Cambridge University Press

https://www.dartmouthatlas.org/faq/
https://doi.org/10.1016/j.jtcvs.2019.09.024
https://doi.org/10.1016/j.jtcvs.2019.09.024
https://doi.org/10.1053/j.semtcvs.2015.08.006
https://doi.org/10.1053/j.semtcvs.2015.08.006
https://doi.org/10.1097/SLA.0b013e3181b79958
https://doi.org/10.1097/SLA.0b013e3181b79958
https://doi.org/10.1016/j.jtcvs.2015.02.052
https://doi.org/10.1097/pq9.0000000000000372
https://doi.org/10.1097/pq9.0000000000000372
https://doi.org/10.15171/jcvtr.2014.013
https://doi.org/10.15171/jcvtr.2014.013
https://doi.org/10.1016/s0735-1097(02)01862-4
https://doi.org/10.1016/s0735-1097(02)01862-4
https://doi.org/10.1017/S1047951123001336

	Evaluating variation in pre-operative evaluation and planning for children undergoing atrial or ventricular septal defect repair
	Materials and methods
	Patient population
	Care team interviews to build initial process map
	Initial retrospective chart review
	Care team responses
	Complete retrospective chart review
	Statistical analysis

	Results
	Perceived process map
	Patient characteristics
	Complete retrospective chart review
	Percentage of patients at each care point

	Discussion
	Care points
	Patient characteristics
	Process mapping
	Assessing warranted and unwarranted variation
	Redefining care processes for patients

	Limitations
	Conclusions and future directions
	References


