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ABSTRACT

Objectives: To develop a more holistic measure of center performance than oper-
ative mortality, we created a composite “textbook outcome” for the Norwood
operation using several postoperative end points. We hypothesized that achieving
the textbook outcome would have a positive prognostic and financial impact.

Proportion

Methods: This was a single-center retrospective study of primary Norwood oper-
ations from 2005 to 2021. Through interdisciplinary clinician consensus, textbook
outcome was defined as freedom from operative mortality, open or catheter-
based reintervention, 30-day readmission, extracorporeal membrane oxygenation,
cardiac arrest, reintubation, length of stay >75%ile from Society of Thoracic
Surgeons data report (66 days), and mechanical ventilation duration >75%ile
(10 days). Multivariable logistic regression and Cox proportional hazards modeling
were used to determine predictive factors for textbook outcome achievement and
association of the outcome with long-term survival, respectively.

Individual Outcome

Cumulative patient proportion achieving compo-
nents of the Norwood textbook outcome.

CENTRAL MESSAGE
The Norwood textbook

outcome is a holistic, binary,
Results: Overall, 30% (58/196) of patients met the textbook outcome. Common
reasons for failure to attain textbook outcome were prolonged ventilation (68/
138, 49%) and reintubation (63/138, 46%). In multivariable analysis, greater weight
(odds ratio [OR], 2.11; 95% confidence interval [Cl], 1.17-3.95; P = .02) was associ-
ated with achieving the textbook outcome whereas preoperative shock (OR, 0.36;
95% Cl, 0.13-0.87; P = .03) and longer bypass time (OR, 0.99; 95% Cl, 0.98-1.00;
P = .002) were negatively associated. Patients who met the outcome incurred
fewer hospital costs ($152,430 [141,798-177,983] vs $269,070 [212,451-372,693],
P < .oo01), and after adjusting for patient factors, achieving textbook outcome
was independently associated with decreased risk of all-cause mortality (hazard
ratio, 0.45; 95% Cl, 0.22-0.89; P = .02).

composite quality measure that
may better represent a success-
ful episode of care after the
operation.

PERSPECTIVE

Outcomes continue to improve within congenital
heart surgery, making operative mortality a less-
sensitive metric of quality. Textbook outcomes
are operation-specific composite quality metrics
that are developed by interdisciplinary clinician
consensus. Achievement of these balanced out-
comes correlate with cost of care and long-
term prognosis.

Conclusions: Outcomes continue to improve within congenital heart surgery, mak-
ing operative mortality a less-sensitive metric. The Norwood textbook outcome
may represent a balanced measure of a successful episode of care. (JTCVS Open

2023;15:394-405)

Traditionally, congenital heart surgery centers have been
evaluated almost exclusively on operative mortality." How-
ever, this is an imperfect metric in the current era. As out-
comes continue to improve, shareholders such as referring
physicians, patients, families, and payers will benefit from
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more information on which centers are providing safe,
value-based, holistic surgical care.

One solution is to develop composite quality measures,
accounting for both mortality and morbidity end points, to
provide insight into congenital heart center performance.
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Abbreviations and Acronyms

CI = confidence interval
HLHS = hypoplastic left heart syndrome
HR = hazard ratio

OR = odds ratio

An example is the textbook outcome, which is a composite
measure based on multiple postoperative end points that,
when achieved, represents the ideal “textbook” hospitaliza-
tion after a certain operation.””® In complex operations such
as lung transplantation, achievement of the textbook
outcome has been shown to predict longer survival as
well as decreased costs.” However, composite quality
measures in congenital heart surgery are still early in
development.’”

The Norwood operation is one of the most challenging in
congenital heart surgery, with overall operative mortality of
approximately 15%, complication rates greater than 75%,
and large variation in outcomes between centers.'’'”
Thus, construction of an operation-specific textbook
outcome for the Norwood operation may be particularly
informative. Here, we aimed to define a textbook outcome
for the Norwood operation and evaluated its ability to pre-
dict long-term outcomes and cost of care. We hypothesized
that development of a Norwood textbook outcome could
serve as a quality-improvement tool and identify high-
value care. In addition, we aimed to develop a nomogram
for prognostication and family counseling purposes that
predicts the likelihood of textbook outcome achievement,
given patient risk factors.

METHODS

This study received approval from the institutional review board
(Pro00101549, January 2019), and the need for individual patient consent
was waived due to the retrospective nature of the study.

Cohort Selection and Data Acquisition

This was a retrospective study of patients who underwent the Norwood
operation from 2005 to 2021 at our institution. Patients who underwent pre-
vious pulmonary artery banding or the hybrid Norwood operation were
excluded, yielding a final cohort of primary Norwood patients. Demo-
graphics and perioperative variables were extracted from our prospectively
maintained single-ventricle database.'’ Immediate preoperative echocar-
diogram reports were collected. Total, direct, and indirect costs accrued
during the index hospital admission were provided by the financial sector
of the medical center. Direct costs are defined as costs that are directly
attributed to patient care, such as nursing services, supplies, medications,
imaging studies, and laboratory tests. Indirect costs are those that are not
directly related to patient care, such as administration, information technol-
ogy, health records, and maintenance.

Textbook Outcome Definition

An interdisciplinary group of clinicians composed of 2 staff surgeons, 2
pediatric cardiologists, and 1 pediatric intensivist collaborated to define po-
tential indicators of quality and success after the Norwood operation. This

set of indicator variables was then narrowed to those thought to be reliably
captured in the Society of Thoracic Surgeons National Database. The final
textbook outcome for the Norwood operation was defined as postoperative
freedom from the following: operative mortality, cardiac reintervention
before discharge, readmission within 30 days of hospital discharge, extra-
corporeal membrane oxygenation before discharge, cardiac arrest before
discharge, reintubation before discharge, total length of stay >75th percen-
tile (66 days), and prolonged invasive mechanical ventilation duration
>75th percentile (10 days) (Table 1). Operative mortality was defined as
death during the acute episode of care in which the operation was per-
formed or within 30 days of the operation and was included in the textbook
outcome definition for 2 reasons. First, because the expected mortality after
the Norwood operation is approximately 15%, excluding the patients who
died would not make for an accurate analysis of program quality. Second, if
operative mortality was not included, a patient who died postoperatively
but experienced none of the other counted complications could theoreti-
cally be recorded as having achieved the textbook outcome. Cardiac rein-
tervention was defined as open or catheter-based intervention after the
Norwood operation, including mediastinal exploration for bleeding but
excluding planned delayed sternal closure. Like previous textbook
outcome reports, 75th percentile cutoffs were used for continuous end
points.>'* These values were defined using the 2021 Society of Thoracic
Surgeons Data Report rather than institutional statistics to reduce bias.
Other postoperative outcomes such as neurologic injury or renal failure
requiring dialysis were considered but not included in the textbook
outcome definition, given inconsistent and subjective reporting as well as
low occurrence rates in our cohort. In addition, patients in our cohort
who suffered clinically significant neurologic injury or renal failure did
not achieve the textbook outcome anyway due to their experiencing a
different complication that was counted within the outcome.

Statistical Analysis

Descriptive statistics and hypothesis testing were used to compare base-
line characteristics, end points, and costs of patients who achieved and did
not achieve the textbook outcome. The overall cohort consisted of all pa-
tients received Norwood operations. A subgroup analysis was performed
for patients specifically with hypoplastic left heart syndrome (HLHS).
Continuous data are presented as mean = standard deviation or median (in-
terquartile range) depending on normality, which was assessed using the
Shapiro-Wilk test.

Univariable and multivariable logistic regression using the “logit”
model was used to determine factors associated with Norwood textbook
outcome achievement. For the multivariable analysis, covariates were
selected from those listed in Table 2 using backwards stepwise regression.
Model discrimination was assessed using the bias-corrected c-statistic with
95% confidence intervals (CIs) determined based on N = 500 bootstrapped
resamples (sampling with replacement). A nomogram was constructed
with the final multivariable model for use in patient prognostication as pre-
viously described.”'” Kaplan—Meier analysis was used to compare postop-
erative survival stratified by achievement of the Norwood textbook
outcome. After verifying the proportional hazards assumption, univariable
and multivariable Cox proportional hazards models were developed to
assess the association of textbook outcome achievement, as well as other
a priori selected covariates, with survival (Table ED.' All analyses were
performed using R, version 4.1.2 (R Foundation for Statistical Computing).

RESULTS
Overall Results

In total, 196 patients who underwent a Norwood opera-
tion were included, 30% (58/196) of whom achieved the
textbook outcome (Figure 1). Patients who achieved the
textbook outcome were younger at time of the operation
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TABLE 1. Definition of textbook outcome after the Norwood
operation

1. No operative mortality

. No unplanned open or catheter-based reintervention before discharge
. No readmission within 30 d of hospital discharge

. No extracorporeal membrane oxygenation before discharge

. No postoperative cardiac arrest before discharge

. No postoperative reintubation before discharge

. Total length of stay <75%ile from STS Data Report (66 d)

0 N O W B W N

. Total mechanical ventilation duration <75%ile from STS Data
Report (10 d)

STS, Society of Thoracic Surgeons.

and had greater weight, decreased prevalence of preopera-
tive ventilation and shock, and shorter cardiopulmonary
bypass times (Table 2). Of the 138 patients who did not
achieve textbook outcome, the most common reasons for
failure were related to mechanical ventilation, including
prolonged mechanical ventilation (49%, 68/138), and

TABLE 2. Baseline patient characteristics and operative details

reintubation (46%, 63/138), as well as prolonged length
of stay (30%, 41/138). Most patients who did not achieve
the outcome had 1 (34%, 47/138) or 2 (26%, 36/138) of
the 8 postoperative complications considered (Figure E1).

Predictive Factors for Textbook Outcome
Achievement

In univariable analysis, greater birth weight (odds ratio
[OR], 2.03; 95% CI, 1.18-3.61; P = .01) was associated
with achieving textbook outcome, whereas preoperative
shock (OR, 0.36; 95% CI, 0.13-0.87; P = .03) and longer
cardiopulmonary bypass time (OR, 0.99; 95% CI, 0.98-
1.00; P = .002) were negatively associated. After adjust-
ment in a multivariable model, the same factors were found
to be independently associated with the textbook outcome:
greater weight (OR, 2.11; 95% CI, 1.17-3.95; P = .02) was
positively associated, whereas preoperative shock (OR,
0.36;95% CI, 0.13-0.87; P = .03) and longer cardiopulmo-
nary bypass time (OR, 0.99; 95% CI, 0.98-1.00; P = .002)
were negatively associated. The variable moderate-severe

Achieved textbook

Failed textbook

Characteristic outcome (n = 58) outcome (n = 138) P value
Demographics
Male, N (%) 31 (53%) 80 (58%) .60
Age, d, surgery 4 (3-7) 6 (4-8) .01
Prematurity,* N (%) 3 (5%) 18 (13%) .10
Weight, kg 3.4 (3.0-3.6) 3.1 (2.83.5) .005
Genetic syndrome or chromosomal abnormality, N (%) 10 (17%) 32 (23%) .40
Diagnosis and imaging
Anatomical diagnosis, N (%) >.99+
HLHS 39 (67%) 89 (64%)
uAVCD 5(9%) 17 (12%)
AA/AS 5(9%) 12 (9%)
DILV 4 (7%) 8 (6%)
DORV 3 (5%) 7 (5%)
Tricuspid atresia 1(2%) 4 (3%)
Other 1 (2%) 1 (1%)
Right ventricular dominance, N (%) 48 (83%) 112 (81%) .80
Moderate-severe systemic AV valve regurgitation, N (%) 2 (3%) 18 (13%) .04
Moderate-severe ventricular dysfunction, N (%) 3 (5%) 1 (1%) .08
Restrictive interatrial septum, N (%)% 8 (14%) 26 (19%) 40
Obstructed anomalous pulmonary venous return, N (%) 0 (0%) 5 (4%) .30
Preoperative status
Preoperative shock, N (%) 7 (12%) 35 (25%) .04
Preoperative ventilator, N (%) 17 (29%) 60 (43%) .06
Preoperative NEC, N (%) 1 (2%) 5 (4%) .70
Preoperative stroke or seizure, N (%) 3 (5%) 10 (7%) .80
Operative details
Cardiopulmonary bypass time, mins 160 (148-182) 177 (157-217) .002
Blalock-Taussig shunt, N (%) 9 (16%) 14 (10%) .30

HLHS, Hypoplastic left heart syndrome; uAVCD, unbalanced atrioventricular canal defect; AA, aortic atresia; AS, aortic stenosis; DILV, double-inlet left ventricle; DORYV,
double-outlet right ventricle; AV, atrioventricular; NEC, necrotizing enterocolitis. Bold values indicate P < .05. *Gestational age <37 wk. 1x°. {Restrictive interatrial septum

was defined as a mean gradient >10 mm Hg.
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FIGURE 1. Patient proportion that met individual postoperative outcomes that compose the textbook outcome (above bar) and proportion that cumula-
tively met each successive outcome (below line). LOS, Length of stay; ECMO, extracorporeal membrane oxygenation.

atrioventricular valve regurgitation was retained in the
multivariable model through variable selection but was
not statistically significant (OR, 0.24; 95% CI, 0.04-0.99;
P = .08) (Table 3). The bias-corrected c-statistic and
95% CI of the model was 0.74 (95% CI, 0.65-0.80).

Figure 2 shows a nomogram for the prediction of probabil-
ity of achieving the Norwood textbook outcome. To illus-
trate, a patient weighing 2.75 kg (20 points), without
preoperative shock (20 points), without atrioventricular
valve regurgitation (30 points), and with 180 minutes of

TABLE 3. Univariable and multivariable logistic regression to predict textbook outcome achievement for the Norwood operation

Univariate analysis

Multivariable analysis

N = 196 Norwood patients

OR (95% CI)

P value

OR (95% CI)

P value

Age, d

Weight, kg

Gender male

Syndromic or chromosomal abnormality
Prematurity

Preoperative neurologic deficit
Preoperative necrotizing enterocolitis
Preoperative ventilator

Preoperative shock

Right ventricular dominance
Moderate-severe AV regurgitation
Moderate-severe ventricular dysfunction
Restrictive interatrial septum

CPB time (per min)

BT shunt

0.99 (0.94-1.03)
2.03 (1.18-3.61)
0.83 (0.45-1.55)
0.69 (0.30-1.48)
0.36 (0.08-1.13)
0.70 (0.15-2.39)
0.47 (0.02-2.98)
0.54 (0.27-1.03)
0.40 (0.16-0.92)
1.11 (0.51-2.59)
0.24 (0.04-0.86)
7.47 (0.93-153)
0.69 (0.28-1.57)
0.99 (0.98-1.00)
1.63 (0.64-3.96)

.70
.01
.60
40
12
.60
.50
.07
.04
.80
.06
.08
40
.002
.30

2.11 (1.17-3.95)

0.36 (0.13-0.87)

0.24 (0.04-0.99)

0.99 (0.98-1.00)

.02

.03

.08

.002

OR, Odds ratio; CI, confidence interval; AV, atrioventricular; CPB, cardiopulmonary bypass; BT, Blalock—Taussig. Bold values indicate P <.05.
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FIGURE 2. Nomogram for the prediction of likelihood of achieving a textbook outcome (7'0) after the Norwood operation. Bias-corrected c-statistic 0.74

(95% CI 0.65-0.80). AV, Atrioventricular; CPB, cardiopulmonary bypass.

cardiopulmonary bypass (70 points) would have 140 points,
which corresponds to a roughly 30% probability of
achieving the outcome.

Subgroup Analysis of HLHS

To assess whether textbook outcome analysis would be
informative in a more homogeneous cohort, a subgroup
analysis of patients born with HLHS was performed. A total
of 30% (39/128) patients with HLHS achieved the textbook
outcome (Figure E2). Patients with HLHS who achieved the
textbook outcome weighed more at surgery, had lower prev-
alence of preoperative shock, and lower cardiopulmonary
bypass times but had comparable anatomic findings at birth
(Table E2). In multivariable analysis, greater weight was
positively associated with textbook outcome achievement
whereas the presence of a genetic syndrome or chromo-
somal abnormality, preoperative ventilation or shock, and
longer cardiopulmonary bypass times were negatively asso-
ciated with outcome achievement (Table E3).

Financial Outcome
Patients who achieved the Norwood textbook outcome
incurred lower total hospital costs than patients who did

398 JTCVS Open ¢ September 2023

not ($152,430 [141,798-177,983] vs $269,070 [212,451-
372,693], P < .001). In subdividing total costs, patients
that achieved the outcome incurred lower direct and indirect
costs (Figure 3).

Long-Term Survival

Kaplan—Meier analysis demonstrated a difference in sur-
vival for patients who achieved the Norwood textbook
outcome (5-year survival: 76.1% [64.2-90.1] vs 57.2%
[48.5-67.5], log-rank P = .005) (Figure 4). In a multivari-
able Cox proportional hazards model, achieving the Nor-
wood textbook outcome was found to be an independent
positive prognostic factor (hazard ratio [HR], 0.45; 95%
CI, 0.22-0.89; P = .02), whereas having a chromosomal
abnormality or genetic syndrome (HR 2.05; 95% CI,
1.11-3.79; P = .02), right ventricular dominance (HR
4.34; 95% CI, 1.53-12.3; P = .006), or moderate-severe
ventricular dysfunction (HR 4.27; 95% CI, 1.08-16.9;
P = .04) were poor prognostic factors.

COMMENT
Composite outcomes may offer new insights into the
quality and value of care provided by congenital heart
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FIGURE 3. Box-and-whisker plot demonstrating the total cost of hospital admission for patients who achieved versus did not achieve the Norwood text-
book outcome. Cost is then displayed subdivided into total direct and total indirect costs. 70, Textbook outcome.

surgery programs. Here, we aimed to define a composite
“textbook” outcome for the Norwood operation. First, we
found that 30% of patients in the study cohort achieved
the textbook outcome and determined that mechanical
ventilation complications and prolonged length of stay
were the most common reasons for not achieving the
outcome. Second, we developed a nomogram with moder-
ate prognostic ability to predict the likelihood of a patient
achieving the textbook outcome. Third, we found that
achieving the outcome was an independent positive predic-
tor of long-term survival while controlling for patient risk
factors. Lastly, we found that achievement of textbook
outcome correlated with lower hospital costs.

In the modern era, evaluating congenital heart surgery
programs is difficult. Centers have traditionally been evalu-
ated on operative mortality, but survival is improving and
converging nationally for all congenital index operations.'®
Furthermore, operative mortality is a one-dimensional
metric that does not provide a detailed overview of periop-
erative performance. An alternate approach is to analyze
multiple individual outcomes in parallel, such as survival,
length of stay, and ventilator duration, but this greatly in-
creases the amount of data required to understand perfor-
mance. Composite outcomes provide a balance between
these methods and combine multiple indicators into sum-
mary scores to provide holistic information. Such metrics
carry benefit for multiple groups, such as families deciding

which center to take their children, program administrators
benchmarking performance, and payers negotiating value-
based payments. Composite outcomes have been posited
in cardiac surgery but these have been for academic purpose
and are not widely employed.”'”"®

Textbook outcome analysis may be a solution. Recently,
textbook outcome analysis has emerged as a composite
quality metric based on the achievement of multiple postop-
erative mortality and morbidity end points. Previous single-
center studies in organ transplantation, lung cancer surgery,
and other operations have found textbook outcome rates
ranging from 24% to 44%, which is close to our Norwood
rate.”"'* There are many advantages to this analysis meth-
odology. For one, these outcomes can be developed using
standardized perioperative variables reported in national
outcomes databases. Textbook outcome analysis also pro-
vides a more effective method to differentiate center perfor-
mance. In multi-institutional analyses, case-mix—adjusted
textbook outcome rates varied significantly between cen-
ters, which highlights its discriminative power.””%"
Second, careful review of composite outcome rates by cen-
ter leadership can drive targeted quality improvement ef-
forts, motivated by the fact that textbook outcome
achievement independently predicts long-term survival.
Third, predictive analyses of textbook outcomes with no-
mograms can provide patient-level prognostication.'’
Lastly, as mortality and morbidity continue to improve,

JTCVS Open ¢ Volume 15, Number C 399
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cost of care stands as the next target for quality improve-
ment.”” Indeed, some groups have found correlations be-
tween textbook outcomes and lower hospitalization
costs.”'* As these costs are not publicly reported, analysis
of textbook outcome rates may provide insight into which
centers are providing high-value care.

The Norwood operation may be the ideal starting point
for textbook outcome analysis in congenital heart surgery.
Although the operation has seen recent advancements in
perfusion strategy and perioperative care,”' ® it is still
technically complex, with high intercenter variation in
outcome and cost.'”'" Like other reports, we developed
this composite outcome by assembling an interdisciplinary
team of cardiac surgeons, cardiologists, and intensivists
who decided which outcomes are the most impactful during
recovery. Each of the chosen end points also has been shown
to individually correlate with clinically relevant outcomes
after Norwood.”’ ' Regarding the continuous end points
that constitute the textbook outcome, we elected to use
the 75th percentile values from the most recent data
report from the Society of Thoracic Surgeons. Although
previous reports have used either arbitrary cutoffs or
institutional 75th percentile values, there is variability in
intensive care unit practices across centers and using
national statistics may therefore be more objective.””

Textbook outcome analysis can identify quality-
improvement opportunities. The rate of textbook outcome
achievement in our Norwood cohort was 30%, which is

400 JTCVS Open ¢ September 2023

similar to the rate of outcome achievement in other complex
operations.™* Although 30% may seem high, there is no
comparison point at present and an alternate interpretation
is that 70% of patients had a “complicated” postoperative
course. Of note, this figure is consistent with the 78 % post-
operative complication rate identified after Norwood in the
Single Ventricle Reconstruction trial.”> One way to begin
quality-improvement initiatives using textbook outcomes
is to analyze the individual components of the outcome.
We found that the most common reasons for failing to
achieve the outcome at our institution were related to me-
chanical ventilation and prolonged length of stay. These re-
sults have spawned discussions at our center to develop
standardized postoperative care protocols, which at other
centers have reduced intensive care unit length of stay and
ventilation duration after Norwood.™*

Textbook outcome analysis can also provide patient-
centered prognostication. In this study, several factors influ-
enced the probability of achieving the Norwood textbook
outcome. These included weight at surgery, preoperative
shock, moderate-severe atrioventricular valve regurgitation,
and cardiopulmonary bypass time, all of which are known
to associate with outcomes after the Norwood operation.'’
Using these data, a nomogram was developed for patient
prognostication. Internal validation with bootstrapping
revealed moderate prognostic ability of the model with a
c-statistic of 0.74 (95% CI, 0.65-0.80). This tool may enable
preoperative risk assessment and the allocation of resources
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to patients who have lower likelihood of outcome achieve-
ment. Although risk scores have been developed for mortality
after Norwood,” the textbook outcome nomogram predicts
the composite probability for mortality or a complicated
postoperative course. This could be more meaningful to pa-
tients and their families, who may experience complications
as “all-or-none” events regardless of type.””

Analysis of textbook outcome achievement can also iden-
tify high-value care. The Norwood operation is associated
with high use of resources.”® Strikingly, analysis of data
from the Single Ventricle Reconstruction trial demonstrated
up to 5-fold variability in the mean cost of Norwood opera-
tions between enrolled centers.'> A majority of this cost was
explained by differences in complication rates, such as pro-
longed pleural effusion, seizure, and wound infection, which
were more frequently observed at high-cost centers. In addi-
tion, the Norwood operation may represent the greatest
opportunity for cost reduction of any index congenital
procedure.”® In our study, we found that achievement of
the Norwood textbook outcome was associated with nearly
50% lower total hospital costs. This finding could be driven
primarily by shorter length of stay in patients who achieved
the outcome, but mechanical circulatory support and reinter-
ventions also carry substantial costs.”™” Although hospital
costs are not collected in national databases, it is reasonable
to assume that the relationship we found in our study holds at
other centers. Therefore, rates of textbook outcome achieve-
ment can be used as a surrogate for shareholders to identify
centers providing high-value care.

Lastly, textbook outcome analysis may inform regional-
ization efforts within congenital heart surgery. Simulations
have shown that regionalizing patients to high-volume cen-
ters may reduce mortality with minimum additional dis-
tance traveled.® However, the volume—outcomes
relationship is not straightforward. In fact, for the Norwood
operation, center volume explains only 15% of the
between-center outcome variation.”” Indeed, all larger pro-
grams do not perform better than all smaller programs, and
there may be centers that do fewer cases but do those cases
better.”” We propose that textbook outcome rates can be
used for this purpose as a more holistic indicator of program
performance independent of the bias associated with center
reputation. To allow for meaningful comparison between
centers, however, risk adjustment will have to be performed
to control for differences in patient cohorts and case-mix
between centers that may affect rates of textbook outcome
achievement. For instance, a center that performs more Nor-
wood procedures on high-risk patients (ie, smaller and
sicker children) may have a lower absolute textbook
outcome achievement rate, but this would be expected.
Ideally, multi-institutional analyses will allow for the gener-
ation of observed-to-expected ratios of Norwood textbook
outcome rates for each participating center. Furthermore,
using the nomogram concept, calculating differences in

textbook outcome achievement between centers specif-
ically for the greatest-risk patient subgroups may identify
differences in nuances and quality of care. After risk adjust-
ment is performed, future study examining the “volume-—
textbook outcomes” relationship on a national scale would
surely be of interest. Perhaps there is a critical number of
textbook outcomes, or sequential successful outcomes
achieved per year, for specific operations that indicates
that a program is “high-performing.”

Limitations

First, this is a retrospective single-center study, and there
may be unmeasured confounders. Second, the presence of a
chromosomal abnormality or genetic syndrome was a broad
definition that included patients with heterogeneous diagno-
ses including trisomy 21, DiGeorge syndrome, heterotaxy,
and others. These patient groups were not studied individu-
ally due to sample size limitations. Third, the Norwood text-
book outcome is not a weighted metric. That is, all
postoperative end points are treated equally, and failure to
meet any one of them is considered a failure to achieve text-
book outcome. As other reports discuss, this “all-or-
nothing” metric may be justified by the fact that textbook
outcome failure is a sensitive marker of a complicated post-
operative course.’ Fourth, the Norwood textbook outcome
was developed at one institution, which may decrease
generalizability. However, the specific end points that
make up these outcomes are subject to modification through
academic discussion.

CONCLUSIONS

This study demonstrates the development of an informa-
tive composite outcome for the Norwood operation. We
show that achievement of the Norwood textbook outcome
correlates with lower cost of care and better long-term prog-
nosis. Future analysis of adjusted textbook outcome rates
across centers may enable the congenital heart surgery
community to provide better care by continuing efforts in
quality improvement and regionalization.
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FIGURE E1. Bar chart of N = 138 patients who did not achieve the textbook outcome, displayed as the number of patients versus number of postoperative

complications experienced that compose the textbook outcome.
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FIGURE E2. Patient proportion with HLHS that met individual postoperative outcomes that compose the textbook outcome (above bar) and proportion
that cumulatively met each successive outcome (below line). LOS, Length of stay; ECMO, extracorporeal membrane oxygenation.
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TABLE El. Covariates included in multivariable Cox regression
models to determine the independent effect of Norwood textbook
outcome on overall postoperative survival

Covariates

Age

Weight

Genetic syndrome or chromosomal abnormality
Right ventricular dominance

Prematurity

Preoperative mechanical ventilation

Preoperative shock

Blalock—Taussig shunt

Moderate-severe atrioventricular valve regurgitation
Restrictive atrial septum (mean gradient >10 mm Hg)

Moderate-severe systemic ventricular dysfunction

TABLE E2. Baseline patient characteristics and operative details for patients with HLHS

Characteristic Achieved textbook outcome (n = 39) Failed textbook outcome (n = 89) P value
Demographics
Male, N (%) 21 (54%) 56 (63%) .30
Age, d, at surgery 4 (3-6) 5 4-7) .08
Prematurity,* N (%) 2 (5%) 12 (13%) .20
Weight, kg 3.3 (3.0-3.7) 3.1 (2.7-3.5) .02
Genetic syndrome or chromosomal abnormality, N (%) 3 (8%) 17 (19%) .10

Diagnosis and imaging
Anatomical diagnosis, N (%)

HLHS 39 (100%) 89 (100%)

Moderate-severe systemic AV valve regurgitation, N (%) 1 (3%) 11 (12%) .10

Moderate-severe ventricular dysfunction, N (%) 2 (5%) 1 (1%) .20

Restrictive interatrial septum, N (%) 8 (21%) 22 (25%) .60

Obstructed anomalous pulmonary venous return, N (%) 0 (0%) 2 (2%) >.90
Preoperative status

Preoperative shock, N (%) 2 (5%) 22 (25%) .009

Preoperative ventilator, N (%) 9 (23%) 36 (40%) .06

Preoperative NEC, N (%) 1 (3%) 3 (3%) >9

Preoperative stroke or seizure, N (%) 2 (5%) 3 (3%) .60
Operative details

Cardiopulmonary bypass time, mins 161 (148-184) 183 (162-231) 005

Blalock-Taussig shunt, N (%) 5 (13%) 12 (13%) >9

HLHS, Hypoplastic left heart syndrome; AV, atrioventricular; NEC, necrotizing enterocolitis. Bold values indicate P <.05. *Gestational age < 37 wk. {Restrictive interatrial
septum was defined as a mean gradient >10 mm Hg.
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TABLE E3. Univariable and multivariable logistic regression to predict textbook outcome achievement in patients with HLHS

Univariate analysis

Multivariable analysis

N = 128 HLHS patients OR (95% CI) P value OR (95% CI) P value

Age, d 1.01 (0.96-1.06) .70

Weight, kg 2.40 (1.18-5.20) .02 3.44 (1.45-9.00) 007
Gender male 0.69 (0.32-1.48) .30

Syndromic or chromosomal abnormality 0.35 (0.08-1.14) A1 0.32 (0.06-1.35) 15
Prematurity 0.35 (0.05-1.36) .20

Preoperative neurologic deficit 1.55 (0.20-9.72) .60

Preoperative necrotizing enterocolitis 0.75 (0.04-6.11) .80

Preoperative ventilator 0.44 (0.18-1.01) .06 0.47 (0.17-1.22) 13
Preoperative shock 0.16 (0.03-0.60) .02 0.11 (0.02-0.48) .009
Moderate-severe systemic AV regurgitation 0.19 (0.01-1.01) 11

Moderate-severe ventricular dysfunction 4.76 (0.44-104) .20

Restrictive interatrial septum 0.79 (0.30-1.91) .60

CPB time (per min) 0.99 (0.98-1.00) 007 0.98 (0.97-0.99) .001
BT shunt 0.94 (0.28-2.76) >.90

HLHS, Hypoplastic left heart syndrome; OR, odds ratio; CI, confidence interval; AV, Atrioventricular; CPB, cardiopulmonary bypass; BT, Blalock-Taussig. Bold values indicate

P <.05.
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