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Background: Risk-adjustment is a key feature of the American College of Surgeons National Surgical Qual-
ity Improvement Program-Pediatric (NSQIP-Ped). Risk-adjusted model variables require meticulous collec-
tion and periodic assessment. This study presents a method for eliminating superfluous variables using
the congenital malformation (CM) predictor variable as an example.

Methods: This retrospective cohort study used NSQIP-Ped data from January 1st to December 31st, 2019
from 141 hospitals to compare six risk-adjusted mortality and morbidity outcome models with and with-
out CM as a predictor. Model performance was compared using C-index and Hosmer-Lemeshow (HL)
statistics. Hospital-level performance was assessed by comparing changes in outlier statuses, adjusted
quartile ranks, and overall hospital performance statuses between models with and without CM inclu-
sion. Lastly, Pearson correlation analysis was performed on log-transformed ORs between models.
Results: Model performance was similar with removal of CM as a predictor. The difference between C-
index statistics was minimal (< 0.002). Graphical representations of model HL-statistics with and with-
out CM showed considerable overlap and only one model attained significance, indicating minimally de-
creased performance (P = 0.058 with CM; P = 0.044 without CM). Regarding hospital-level performance,
minimal changes in the number and list of hospitals assigned to each outlier status, adjusted quartile
rank, and overall hospital performance status were observed when CM was removed. Strong correlation
between log-transformed ORs was observed (r > 0.993).

Conclusions: Removal of CM from NSQIP-Ped has minimal effect on risk-adjusted outcome modelling.
Similar efforts may help balance optimal data collection burdens without sacrificing highly valued risk-
adjustment in the future.

Level of evidence: Level Il prognosis study.
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1. Introduction

Since 2008, the American College of Surgeons (ACS) National
Surgical Quality Improvement Program-Pediatric (NSQIP-Ped) has
served as the premiere resource for risk-adjusted patient- and
hospital-level pediatric surgical outcomes [1-4]. This multi-center,

Abbreviations: American college of surgeons, (ACS); Anesthesiologist physical
status classification system, (ASA); Confidence interval, (CI); Concordance statistic,
(C-index); Congenital malformation, (CM); Hosmer-lemeshow, (HL); National Surgi-
cal Quality Improvement Program-Pediatric, (NSQIP-Ped); Odd ratios, (ORs); Oper-
ating room, (OR); Pearson’s correlation coefficient, (PCC); Procedure targeted cases,
(PTC); Surgical clinical reviewer, (SCR); Surgical site infection, (SSI).
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international clinical registry has established preoperative risk as-
sessment tools and launched multiple successful quality improve-
ment initiatives [5-9]. The program continues to evolve by sam-
pling high-risk procedures, developing targeted data collection for
specific cases, and honing its risk-adjusted modeling [10,11]. The
validity of NSQIP-Ped is contingent upon a rigorous chart review
process prospectively collecting over 120 precisely specified vari-
ables across 6 surgical specialties from nearly 150 hospitals. This
significant workload falls upon trained data collection personnel
known as Surgical Clinical Reviewers (SCRs) who each collect data
from approximately 1400 cases annually [12]. The cost of train-
ing and employing these abstractors can be significant with some
institutions employing multiple SCRs. As NSQIP-Ped continues to
adapt and expand to reflect nuances and changes within chil-
dren’s surgery, the data collection burden faced by SCRs must be
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assessed. Existing variables with significant collection burden and
with limited influence on NSQIP-Ped outcome models should be
eliminated to ensure manageable SCR workload.

The presence of congenital malformations (CM) is a known risk-
factor for children undergoing surgery [13-16]. Within NSQIP-Ped,
CM has been captured using a categorical variable designed to
identify patients with a structural, functional, or genetic abnormal-
ity present at birth or diagnosed before the age of 4 years. SCRs
are instructed to review a list of CMs based on administrative di-
agnosis codes for inclusion. This broad list encompasses a plethora
of rare, complex, and often eponymous conditions with significant
burden to SCRs [17]. Given the comprehensive nature of this com-
posite variable and the varying risk associated with each of its in-
cluded conditions, its effect on risk-adjustment is unclear.

The purpose of this study was to illustrate an approach to vari-
able assessment and potential elimination from NSQIP-Ped risk-
adjusted, hospital-level modeling using CM as an example.

2. Materials and methods
2.1. Data source and study population

This study was a retrospective cohort study which reviewed
the NSQIP-Ped database for eligible cases with operation dates be-
tween January 1 and December 31, 2019. The NSQIP-Ped clinical
registry prospectively collects data from 141 participating hospitals
on patients less than 18 years of age undergoing general, neurosur-
gical, urologic, otolaryngologic, plastic, and orthopedic procedures.
Cases were chosen by systematic sampling on an 8-day cycle from
a defined list of procedures with a maximum threshold of 35 cases
selected per cycle. In addition to systematic sampling, NSQIP-Ped
also collected additional data for Procedure Targeted Cases (PTC)
such as appendectomy and cerebrospinal fluid shunt procedures.
Over 150 patient-level and procedure-specific data elements were
abstracted by SCRs from the electronic medical record and with
follow-up phone calls to ensure capture of 30-day outcomes in-
cluding mortality and morbidity. Data integrity was ensured by au-
dits excluding sites that have greater than 5% disagreement rates
from semi-annual reports used for hospital-level comparison. This
study was deemed not human subjects research by the Ann &
Robert H. Lurie Children’s Hospital Institutional Review Board.

2.2. Predictor variable definitions

The primary predictor variable of interest in this study was the
categorical CM variable which codes for the presence of a struc-
tural, functional, or genetic abnormality present at birth or ac-
quired before 4 years of life. A provided “Collect List” of malfor-
mations is supplied to SCRs by NSQIP-Ped (Appendix A). The CM
variable is binary, such that the presence of any of the condi-
tions in the “Collect List” would result in the patient being labelled
as having a CM. Some conditions captured by CM overlap with
other patient-level predictor variables such as cardiac risk factors,
esophageal/gastric/intestinal disease, structural pulmonary/airway
abnormalities, developmental delay, neuromuscular disorder, struc-
tural central nervous system abnormality, cerebral palsy, hemato-
logic disorder, and seizure disorder. The definitions for these over-
lapping variables are provided in Appendix B.

2.3. Risk-adjustment models

Risk-adjustment models examined different combinations of
patient-level and procedure-related predictors and were computed
for mortality and morbidity outcomes (n = 112). Eligible predictor
variables (n = 40) were selected and included in logistic regression

models using a forward stepwise selection method. Predictor vari-
ables were then used in a hierarchical model and odds ratios (ORs)
were calculated for each participating NSQIP-Ped hospital. These
ORs represent a ratio of the odds that an outcome would occur at
the specified-hospital compared to the odds of the same outcome
occurring at an estimated “average” NSQIP-Ped hospital, assuming
a similar case-mix of patients and procedures.

2.4. Hospital quality improvement performance assessments

Each hospital was assigned an overall performance assessment
status to determine areas for potential quality improvement. These
were determined using the outlier status and adjusted quartile
rank assigned to each hospital. Outlier status was defined by the
95% Confidence Interval (95% CI) of the ORs such that ORs with a
95% CI entirely above 1.0 were assigned as “High Outliers” whereas
ORs with a 95% CI entirely below 1.0 were assigned as “Low Out-
liers”. ORs with a 95% CI that overlap 1.0 were not assigned an out-
lier status. In addition to outlier status, hospitals were also ranked
via adjusted quartiles, which were based on percentile ranks of ad-
justed ORs. Performance assessment was defined such that a hos-
pital that was assigned either a “Low Outlier” status or a 1st ad-
justed quartile rank was assigned an “Exemplary” status whereas a
hospital assigned a “High Outlier” status or a 4th adjusted quartile
was assigned a “Needs Improvement” status. Hospitals that were
not assigned an outlier status and were in the 2nd or 3rd adjusted
quartile ranks were assigned an “As Expected” status for the hos-
pital performance assessment.

2.5. Selection of risk-adjusted models

Of 112 outcome models assessed, approximately 47 models uti-
lized CM as a patient-level predictor. Six models that contained CM
as a significant patient-level predictor were identified for further
analysis: (1) morbidity in all patients in all surgeries, (2) return to
operating room (OR) in all patients in all surgeries, (3) sepsis in all
patients in all surgeries, (4) morbidity in all neonates in all surg-
eries (5) morbidity in all patients in urology surgeries, (6) surgi-
cal site infection (SSI) in pediatric patients in abdominal surgeries.
These models were chosen as CM was ranked higher in the step-
wise logistic regression compared to other models, they allowed
for distinction of rates between specific patient populations (e.g.,
neonates, urologic patients), and based on clinical guidance.

2.6. Model comparison

To assess the effect of CM on risk adjustment, two models
were generated for each of the six aforementioned outcomes that
found CM to be a significant patient-level predictor. We evalu-
ated each set of models (with CM; without CM) based on the
following five statistical criteria: (1) concordance statistics, (2)
Hosmer-Lemeshow (HL) goodness of fit statistics, (3) comparison
of hospital-level outlier status and adjusted quartile rank based
on ORs, (4) comparison of hospital-level Performance Assessments,
and (5) Pearson correlation analysis of log-transformed ORs. Each
assessment has been described in greater detail below.

The concordance statistic (or C-index) is a measure of distinc-
tion. In this case, it is a measure of the model’s ability to accurately
distinguish a case with an outcome event from a case without an
outcome event. Values range from 0.5 to 1.0, with 0.5 indicating
that a model’s performance is not better than random chance and
1.0 indicating perfect prediction. Values that are > 0.8 indicate an
effective model [18].

HL statistics are used in logistic regression models to deter-
mine if observed event rates match the expected event rates of
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Table 1

Descriptive statistics for each risk-adjusted outcome assessed from The American College of Surgeons National

Surgical Quality Improvement Project-Pediatric.

Risk-Adjusted Model

Hospitals (n)  Patient Records (n)

Events (n [%])

Morbidity in all patients in all surgeries
Morbidity in neonate patients in all surgeries
Return to OR? in all patients in all surgeries
SSI® in pediatric patients in abdominal surgeries
Morbidity in all patients in urology surgeries
Sepsis in all patients in all surgeries

141 13,2881
133 9,146
141 132,881
136 47,405
137 14,245
141 132,881

6460 [4.86%]
1194 [13.05%]
4318 [3.25%]
1750 [3.69%]
590 [4.14%]

973 [0.73%]

2 Operating room
b Surgical Site Infection

subgroups within the population. The null hypothesis of the HL-
test is that observed event rates are the same as the expected
rate whereas the alternative hypothesis is that these two event
rates differ. A nonsignificant HL statistic reflects good calibration
of the outcomes model. One limitation, especially in larger data
sets, is that small inconsequential divergences may often achieve
statistical significance without significant associated clinical utility
[18,19]. To avoid issues related to this limitation, we reviewed the
graphical representation of the HL-statistics using 20 sequential
risk category groups for each outcome model with CM included
and excluded as a predictor in the model.

Hospital-level quality performance was estimated by each in-
cluded model using a hierarchical modeling approach (random in-
tercept, fixed slope) with hospital being the random factor. This
produces an estimate of hospital performance in terms of a risk-
adjusted OR, which is the odds of an event occurring at a par-
ticular hospital compared to the odds of the event occurring at
a statistically estimated average hospital, given the same proce-
dure and case-mix. Within each model, an OR was calculated for
each hospital and hospital performance was determined using pa-
rameters associated with the risk-adjusted OR. As previously de-
scribed, each hospital was assigned an outlier status (“High Out-
lier” vs. “Low Outlier”) based on the 95% Cl, an adjusted quartile
rank, and Performance Assessment Status (“Needs Improvement,”
“Exemplary,” or “As Expected”). Outlier status and adjusted quar-
tile rank was assessed by comparing the number and cohort of
hospitals included within each outlier status category and quartile
rank for each model (with or without CM) within each of the six
outcomes. The average change in adjusted percentile and adjusted
quartile was calculated. For each outcome model, Performance As-
sessment Status was evaluated by determining the change in the
number and cohort of hospitals within the “Needs Improvement”
and “Exemplary” categories.

Lastly, Pearson correlation analyses were conducted on hospi-
tals’ log-transformed ORs between each set of models (with and
without CM) for each of the six aforementioned outcomes to de-
termine if the OR results from each set of models had good agree-
ment. Prior to correlation analysis, ORs were log-transformed to
normalize the distribution of ORs. Therefore, Pearson’s correlation
coefficient (PCC; r) was calculated between the log-transformed
hospital ORs from a model with CM included as a predictor and
the log-transformed hospital ORs from the corresponding model
without CM included as a predictor. As a measure of linear associ-
ation between continuous variables, PCC values range from -1.0 to
+1.0 with values close to -1 or +1 indicating a strong negative or
positive correlation, respectively [20]. Significance was declared at
P < 0.05 for these analyses.

3. Results
The descriptive statistics including the number of hospitals,

number of records used, and number of events recorded for each
of the six outcomes are presented in Table 1.

3.1. Model performance

For all six outcomes, model performance statistics were similar
between models regardless of inclusion of CM (Table 2). The largest
difference between C-index statistics for a set of models with and
without CM was 0.002 for the “SSI in pediatric patients in abdom-
inal surgeries” outcome. The remaining five outcomes had smaller
C-index differences (< 0.001) between models with and without
CM. Thus, the risk adjusted models for each outcome, regardless of
CM inclusion, were able to discriminate events at a similar proba-
bility level.

HL-test statistics were similar for each set of models. For
four of the six outcomes, removing CM as a predictor from the
risk-adjusted model did not alter the significance of the HL-test
(Table 2). For the “Return to OR in all patients in all surgeries”
outcome, the HL-test was significant when CM was removed from
the risk-adjusted model. While this shift may indicate a decrease
in model performance, it is important to note that the shift in
significance of the HL-test was minimal (P = 0.058 With CM vs.
P = 0.044 Without CM). For the “SSI in pediatric patients in ab-
dominal surgeries” outcome model, removal of CM suggested sig-
nificant improvement in the model’s performance (P = 0.034 with
CM vs. P = 0.171 without CM).

The graphical representations of the HL-test statistics for each
of the six outcomes modeled with and without CM used as a pre-
dictor are presented in Fig. 1. Each graphical symbol represents
data for one of the 20 sequential risk categories constructed for
each outcome model (with/without CM included as a predictor).
The center line represents the line of best fit in which all predicted
rates are equal to observed rates (slope = 1; intercept = 0). For
each of the six outcomes, there is considerable overlap between
the 20 sequential risk category data points (derived from regress-
ing predicted rates on observed rates) for models that included CM
as a predictor and for models that excluded CM. These results sug-
gest that removing CM had little impact on the predicted model
values and, subsequently, the goodness of fit for each outcome
model. The largest variation between sequential risk category data
points occurred for the “Morbidity in neonate patients in all surg-
eries.” However, the HL-statistics for this outcome were relatively
similar between the model that included CM (10.424; P = 0.237)
and the model that excluded CM (7.932; P = 0.440) as a predic-
tor. These results, combined with an identical C-statistic for both
models (0.729), suggest that the removal of CM as a predictor did
not significantly alter the model’s prediction capability for this out-
come.

3.2. Hospital level performance and correlation

Hospital level performance status, dependent on outlier and ad-
justed quartile rank, remained either the same or changed mini-
mally across the six outcomes models with CM removal. Regard-
ing outlier status, the same number of “Low Outliers” were de-
tected for all models regardless of CM inclusion/exclusion, except
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Fig. 1. Graphical representation of Hosmer-Lemeshow statistics for risk-adjusted outcomes assessed from the American College of Surgeons National Surgical Quality Im-
provement Project-Pediatric with and without congenital malformation. Graphical representation of Hosmer-Lemeshow statistics for the six outcome models with Congenital
Malformation (CM; diamond (¢); yellow) and without CM (square ((J); gray) used as a predictor in each model. Each symbol represents data for one of the 20 sequential
risk categories constructed for these statistical analyses. The center line (dashed; gray) represents the line of best fit in which all predicted rates are equal to observed rates
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Table 2

Analyses of risk-adjusted models with and without the congenital malformation (CM) variable in the American College of Surgeons

National Surgical Quality Improvement Project-Pediatric.

Risk-Adjusted Model C-Index? HL-Test Statistic”
With CM  Without CM  With CM (P-value) Without CM (P-value)

Morbidity in all patients in all surgeries 0.783 0.782 24.7346 (P = 0.002)  32.0407 (P = 0.001)
Morbidity in neonate patients in all surgeries 0.729 0.729 10.4245 (P = 0.237) 7.9316 (P = 0.440)
Return to ORC in all patients in all surgeries 0.817 0.816 15.0768 (P = 0.058) 15.8687 (P = 0.044)
SSI¢ in pediatric patients in abdominal surgeries  0.768 0.766 16.6491 (P = 0.034) 11.5705 (P = 0.171)
Morbidity in all patients in urology surgeries 0.791 0.792 14.3484 (P = 0.073)  12.8402 (P = 0.118)
Sepsis in all patients in all surgeries 0.885 0.884 20.6934 (P = 0.008) 16.2131 (P = 0.039)

3 C-index is a measure of the model’s ability to predict a patient’s outcome based on the predictors included in the logistic regres-

sion model

b HL is the Hosmer-Lemeshow goodness of fit test statistic which is used to determine if observed event rates match the expected
event rates of subgroups within the population used in logistic regression modeling. A nonsignificant result reflects good calibration

of the outcome model.
¢ Operating room
d Surgical Site Infection

Table 3

Summary of changes in number of hospitals included for outlier status and 1st and 4th adjusted quartile rank between outcomes models when congenital malformation was

removed as a Predictor.

Differences in Outlier Status?

Difference in Adjusted Quartiles Rank”

With CM®  Without CM  Outlier Status With CM Without CM  Adjusted Quartile Rank
High/Low High/Low High Outlier ~Low Outlier 4%/1st 4thjqst 4th Quartile  1st Quartile

CM Outcome Models Hospitals (n) Outlier (n)  Outlier (n) Change' (n) Change' (n) Quartile (n)  Quartile (n)  Change? (n)  Change® (n)

Morbidity in all patients in all 141 26/15 26/15 0 -1, +1 29/26 29/27 0 A+1
surgeries

Morbidity in neonate patients in 133 6/0 5/0 -1 0 13/11 13/11 0 -2, +2
all surgeries

Return to ORY in all patients in 141 13/6 12/6 -1 0 25/19 26/20 +1 -1, +2
all surgeries

SSI¢ in pediatric patients in 136 14/3 14/3 0 0 20/18 21/18 41 0
abdominal surgeries

Morbidity in all patients in 137 5/0 4/0 -1 0 13/12 16/13 43 -1, +2
urology surgeries

Sepsis in all patients in all 141 287 28/8 0 +1 26/26 26/26 0 0
surgeries

3 Qutlier Status assignment is based on the 95% Confidence Interval (CI) for the model-adjusted Odds Ratio.

b Adjusted quartile ranks are based on percentile ranks of the adjusted Odds Ratios.

¢ Congenital Malformation.

d Operating Room.

¢ Surgical Site Infection.

f

These values represent the shift in number of individual hospitals identified as high or low outliers when CM was removed from the model.

¢ These values represent the shift in number of individual hospitals identified as 4t or 1%t quartile when CM was removed from the model.

for the “Sepsis in all patients in all surgeries” outcome in which
the number of “Low Outliers” increased from 7 to 8 with CM re-
moval. In this model, one new hospital was added to the cohort
of hospitals identified as “Low Outliers” when CM was removed.
In the “Morbidity in all patients in all surgeries” model, removal
of CM resulted in the same number of hospitals identified as “Low
Outlier” hospitals. While the same number of “Low Outlier” hospi-
tals were identified, the removal of CM in this model resulted in
the retention of 14 hospitals, loss of 1 hospital, and addition of 1
new hospital in the “Low Outlier” hospital cohort. In the remaining
four models, the hospitals identified as “Low Outliers” were iden-
tical regardless of whether the model contained CM as a predictor
(Table 3).

The number of “High Outliers” detected were the same for
models regardless of CM inclusion/exclusion for the following three
outcomes: (1) morbidity in all patients in all surgeries, (2) SSI in
pediatric patients in abdominal surgeries, and (3) sepsis in all pa-
tients in all surgeries. For these three outcomes, the same cohort of
hospitals were identified as “High Outliers” for each model regard-
less of CM inclusion/exclusion. For the remaining three outcomes,
removing CM as a model predictor resulted in the same cohort of
hospitals identified as “High Outliers” with a decrease of one “High
Outlier” hospital per outcome model (Table 3).

For adjusted quartiles, the same number of 1st quartile hos-
pitals was found in 3 models. For “SSI in pediatric patients in
abdominal surgeries” and “Sepsis in all patients in all surgeries”,
there was no change in hospital quartile rank, however in “Mor-
bidity in neonate patients in all surgeries”, 2 hospitals lost their
1st quartile rank and 2 gained it. The remaining 3 models saw a
net gain of one 1st quartile hospital with “Morbidity in all patients
in all surgeries” seeing the addition of one hospital and the re-
maining 2 models losing one and gaining 2 1st quartile hospitals
(Table 3).

Regarding changes in 4th quartile hospitals, the models “Return
to OR in all patients in all surgeries” and “SSI in pediatric patients
in abdominal surgeries” saw the addition of one 4th quartile hos-
pital while “Morbidity in all patients in all surgeries”, “Morbidity
in neonate patients in all surgeries” and “Sepsis in all patients in
all surgeries” saw no change in the number of 4th quartile ranked
hospitals. The greatest change was seen in the “Morbidity in all
patients in urology surgeries” which, upon removal of CM, added
three 4th quartile hospitals (Table 3).

The average change in adjusted percentiles ranged from 0.504
to 1.602 rank positions with the smallest and largest average
changes occurring for the “sepsis in all patients in all surgeries”
and “morbidity in neonate patients in all surgeries” models, re-
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Table 4

Summary of changes in number of hospitals included for needs improvement and exemplary performance assessment status® between outcome models when CMP was

Removed as a Predictor

Without CM Performance Assessment Status

Exemplary (n) NI (n)

Exemplary (n) Changes’ in NI (n) Changes' in Exemplary (n)

Outcome Model With CM
Hospitals (n)  NI¢ (n)

Morbidity in all patients in all surgeries 141 30 26
Morbidity in neonate patients in all surgeries 133 13 11
Return to ORC in all patients in all surgeries 141 25 19
SSI¢ in pediatric patients in abdominal surgeries 136 20 18
Morbidity in all patients in urology surgeries 137 13 12
Sepsis in all patients in all surgeries 141 29 26

30 27 0 A1
13 11 0 -2, +2
26 20 41 -1, +2
21 18 41 0

16 13 43 -1, +2
29 26 0 0

3 Hospital Performance was assigned based upon outlier status and adjusted quartiles. Low outliers or 4th quartile hospitals were considered. “Needs Improvement” while
high outliers or 1! quartile hospitals were considered “Exemplary”. Outlier status and quartile were determined using hospital adjusted odds ratios.”Congenital Malformation.

¢ Operating Room.
4 Surgical Site Infection.
¢ Needs Improvement.

f These values represent the shift in number of individual hospitals identified as Needs Improvement or Exemplary Performance Assessment Status when CM was removed

from the model.

Table 5

Correlation analyses of log-transformed odds ratios between risk-adjusted mod-
els with and without the congenital malformation variable in the American Col-
lege of Surgeons National Surgical Quality Improvement Project-Pediatric.

Risk-Adjusted Models Correlation Coefficient

Morbidity in all patients in all surgeries 0.999
Morbidity in neonate patients in all surgeries 0.993
Return to OR? in all patients in all surgeries 0.998
SSI® in pediatric patients in abdominal surgeries  0.999
Morbidity in all patients in urology surgeries 0.997
Sepsis in all patients in all surgeries 1.000

2 Operating room.
b Surgical Site Infection.

spectively. The average change in adjusted quartiles ranged from
0.000 to 0.068 quartile positions with the smallest and largest av-
erage changes occurring for the “sepsis in all patients in all surg-
eries” and “morbidity in neonate patients in all surgeries” models,
respectively (Appendix C).

Considering both outlier status and adjusted quartile rank,
changes in overall performance status were minimal. “Morbidity
in all patients in urology surgeries” had 3 additional hospitals la-
belled as “Needs Improvement” (NI) with the removal of CM. “Re-
turn to OR in all patients in all surgeries” and “SSI in pediatric pa-
tients in abdominal surgeries” each added 1 NI hospital with the
remaining 3 models having no change in NI assessment. Regarding
exemplary assessment, the same number of exemplary hospitals
was found in 3 models with “Morbidity in neonate patients in all
surgeries” losing and gaining 2 exemplary hospitals. “SSI in pedi-
atric patients in abdominal surgeries” and “Sepsis in all patients
in all surgeries” had no change in the number of exemplary hos-
pitals. The remaining 3 models had a net change of 1 additional
exemplary hospital with “Morbidity in all patients in all surgeries”
adding 1 exemplary hospital and the remaining two adding 2 and
losing 1 exemplary hospital (Table 4). For all six outcome models,
the percentage of hospitals in which Performance Assessment sta-
tuses shifted significantly was less than 4.36% which suggests that
removing CM as a predictor in all six outcome models has a rela-
tively small effect on hospital Performance Assessment status.

Lastly, Pearson correlation analyses were conducted on log-
transformed ORs between each set of models for each of the six
outcomes (Table 5). All correlation coefficients (r) were greater
than or equal to 0.993 for the six of the outcomes of interest.
These results suggest that there was good agreement between log-
transformed ORs calculated from risk-adjusted models regardless
of the inclusion of CM as a predictor variable.

3.3. Overlapping variables and other common variables

Overlapping variables were present throughout models regard-
less of CM inclusion. The CNS Abnormality and Hematologic Disor-
der variable was present in 4 and 3 outcome models, respectively,
and these predictors were also present in each model subset (with
and without CM). Esophageal/Gastric/Intestinal Disease was signif-
icant in 3 outcome models (and both model subsets - with and
without CM) as well as the “morbidity in all patients in all surg-
eries” without CM model. The preoperative variables Cardiac Risk
Factor and Developmental Delays were present in 2 outcome mod-
els (and their subsets - with and without CM) and Developmental
Delay being additionally significant in “morbidity in all neonates
in all surgeries” without CM. Both Neuromuscular Disorder and
Pulmonary Abnormality were seen in 1 outcome model (and its
subset - with and without CM) while Pulmonary Abnormality was
also seen in the “morbidity in all neonates in all surgeries” with-
out CM model. Seizure and Cerebral palsy were significant in the
“morbidity in all patients in all surgeries” without CM model and
the “sepsis in all patients in all surgeries” with CM model, respec-
tively. Except for one outcome model, overlapping predictor vari-
ables either remained constant in rank or increased in significance
with the removal of CM. The exception is that Hematologic Disor-
der decreased by one step in the hierarchical model for “morbidity
in all patients in all surgeries”. Common significant preoperative
variables (seen in at least 5 models with and without CM) included
American Society of Anesthesiologist Physical Status Classification
System (ASA), Nutritional Support, Inpatient Surgery Classification,
and the Presence of an Ostomy.

4. Discussion

The ability of NSQIP-Peds to accurately model hospital perfor-
mance and reliably compare hospitals is contingent upon adequate
hospital- and patient-level risk adjustment. Proper risk adjustment
depends on accurate abstraction of patient- and case-specific vari-
ables. The abstraction of granular data is costly and burdensome.
This study provides evidence that eliminating the CM compos-
ite variable has minimal effect on a variety of outcome models.
Changes in hospital performance status were minimal and out-
lier status agreements were excellent when CM was removed from
modeling. The correlation between models with and without CM
was near perfect.

The finding that removing CM has a negligible effect on risk-
adjusted performance modelling is not surprising given the con-
tribution of redundant patient-level variables that are collected
within NSQIP-Ped. As noted, these overlapping variables were com-
mon within all models and most increased in significance upon the
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removal of CM. For example, cardiac risk factors include those with
congenital structural defects and is known to carry elevated risk
for worse outcomes in the postoperative period [21-23]. Patients
with congenital structural cardiac defects contributing to their pre-
operative risk would also be considered to have a congenital mal-
formation. Similarly, central nervous system abnormalities and the
developmental delay variable contain conditions and data points
that would similarly fall under the definition for CM. A patient
with a CM that led to a significant systemic disease would likely
have a higher ASA status which is a preoperative variable that is
present in most NSQIP-Ped models.

With regards to the NSQIP-Ped literature, this is the first study
that the authors are aware of that examines whether a variable
can be removed without affecting model performance. However,
there is precedence in studies examining adult populations in the
ACS National Surgical Quality Improvement Program. One study
found that excluding wound classification variables did not affect
their model’s ability to measure hospital performance. The au-
thors note that this is likely due to inconsistencies in abstracting
wound classification data and the redundant explanatory power
present in other risk adjustment covariates [24]. A further study
showed that procedure-specific hospital quality measures can be
adequately risk adjusted with a limited model of the 5 most sig-
nificant variables when compared with the full model containing
all 21 variables considered significant by the stepwise regression
model [25]. These findings show that constant evaluation of the
variables being collected can yield significant results.

This study and those mentioned above serve as examples that
have important implications for NSQIP-Ped and other clinical reg-
istries. They show that not all variables considered to be signifi-
cant in risk-adjusted outcome modelling are truly necessary. Por-
tions of their ability to risk-adjust may be compensated by other
variables leading to redundancy in the collected variable. This con-
cept applies especially to broad, complex, or loosely defined vari-
ables, such as CM, which are also typically labor-intensive to col-
lect. While congenital malformations may play an important role
in determining risk at the patient-level, our data demonstrates that
the CM variable in its current format is not useful to collect for the
NSQIP-Ped program. Removal of CM from NSQIP-Ped abstraction
should allow for the development and implementation of more
specific variables. Being more selective with data collection, and
eliminating variables such as CM, will reduce the burden on SCRs.
Furthermore, by eliminating unnecessary variables NSQIP-Ped may
increase capacity to collect new variables or track more cases. This
is especially pertinent as NSQIP-Ped transitions to collecting more
procedure specific outcomes.

This study has certain limitations. First, this study only exam-
ines 6 models in which CM was significant. While these models
were chosen as they were most likely to be representative and
CM was ranked highest in significance, there is a small possibil-
ity that removal of CM may have different effects on other models
containing specific procedures and patient populations that were
not examined. Second, due to the wide variety of collected pro-
cedures, many variables are intentionally generic and may not of-
fer enough granular detail for optimal risk-adjustment. Third, we
did not examine the influence of removing CM as an eligible pre-
dictor for PTCs which may mean that any potential effects of this
removal on procedure-specific hospital and modeling performance
are still unknown. However, we hypothesized that significant ef-
fects related to the removal of CM on risk-adjusted modeling for
PTC may be quite minimal due to the fact that oftentimes PTC
models have eligible procedure-specific variables which may bet-
ter capture the presence of CMs for risk-adjustment purposes. Re-
gardless of the potential effects of CM removal on model and hos-
pital performance for PTCs, the burden of abstraction would not
justify inclusion of CM as it does not contribute to the primary ob-

ject of NSQIP-Ped which is to provide hospital-level adjusted out-
comes data. Finally, data submitted to NSQIP-Ped is mostly from
large, dedicated children’s hospitals which limits the generalizabil-
ity of these findings.

5. Conclusion

Removal of the CM variable from NSQIP-Ped does not negatively
impact the ability to model patient outcomes nor does it affect
the ability to model and compare hospital-level outcomes. More
specific variables estimating the influence of congenital malforma-
tions on risk-adjusted outcomes are likely necessary. Future efforts
to decrease existing data collection burden might emulate these
methods, recovering more capacity for salient variable addition and
expansion.
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