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Abstract

Purpose Our objective was to determine if there was an association between subspecialist supply and a specific sub-set of
procedures performed by pediatric surgeons over a 10-year period.

Methods Data source was the Pediatric Health Information Systems database. Included were patients < 12 years who under-
went one of nine outpatient surgical procedures between 1/1/2005 and 12/31/2014. Procedures were grouped into categories:
pediatric surgery cases (PS), overlapping otolaryngology cases (OO), and overlapping urology cases (OU). Outcomes were
number of cases performed by pediatric surgeons per pediatric surgeon, and proportion of cases performed by pediatric
surgeons. Linear regression was used to test for association and temporal trends.

Results Included were 193,695 procedures, 18.9% PS, 4.8% OO, and 76.3% OU. There was a strong association between
specialty supply and number of cases performed by pediatric surgeons. Temporally, there was no change in proportion of
pediatric surgeons who performed PS cases (R?=0.08, p=0.08), but a downward trend in proportion of OO (R*>=0.82,
p<0.001) and OU cases. (R2 =0.79; p<0.001.)

Conclusion We found an association between physician supply and pediatric surgeon case type, and a reduction in OO and
OU cases performed by pediatric surgeons. These findings suggest a narrowing of case-mix for pediatric surgeons.
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Introduction

Within the field of surgery, pediatric surgery evolved into a
subspecialty as the treatment of congenital anomalies, child-
hood injuries and acquired pediatric surgical diseases devel-
oped. The origin of pediatric surgery dates back to 1937
when the first training program emerged at Children’s Hos-
pital Boston [1], and slowly expanded until the American
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Board of Surgery approved pediatric surgery as a subspe-
cialty in 1973 [2—4]. Unlike other surgical subspecialties
where the scope of practice narrows with fellowship training,
in pediatric surgery training, the age range of patients nar-
rows to the first two decades of life and expands to include
multi-systemic pediatric conditions involving the neck,
chest, abdomen, pelvis, and connective tissues [5].

The surgical workforce has changed dramatically over
the last 25 years, and workforce researchers have differing
opinions about whether there is currently a glut or a dearth
of pediatric surgeons in the United States [1, 4, 6-9]. The
pediatric surgical workforce was estimated to be 1150 sur-
geons in 2009, and a survey of American Pediatric Surgi-
cal Association members suggested 280 additional pediat-
ric surgeons were needed to fulfill workforce demands in
the United States [10]. From 1960 to 2010, the number of
American pediatric surgery training programs multiplied
over fivefold, resulting in the number of board-certified pedi-
atric surgeons increasing from less than 225 to 1130 despite
minimal change in the United States’ birth rate from 1970 to
2015 [4, 11]. Concomitantly, there has also been an increase
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in the number of pediatric urology and pediatric otolaryngol-
ogy fellowship training programs [4, 12]. The Accreditation
Council for Graduate Medical Education (ACGME) reports
that, between the 2007/2008 and 2013/2014 academic years,
the number of pediatric otolaryngology programs saw a dra-
matic increase of 133% (from 9 to 21), while both pediatric
surgery and pediatric urology residency programs increased
29% and 27% (from 35 to 45, and 22 to 28), respectively
[13]. The overlapping scope of practice between pediat-
ric surgeons and other pediatric subspecialists is not well
understood.

We hypothesized that the increasing supply of pediatric
otolaryngologists and pediatric urologists may be impacting
the number of overlapping head and neck, and urology pro-
cedures being performed by pediatric surgeons in the United
States. The purpose of this study was to determine if there
was an association between change in supply of specialty
surgeons and change in the proportion of a specific sub-
set of procedures performed by pediatric surgeons over a
10-year study period and if there was a relationship, to report
the proportional change among pediatric surgeons.

Materials and methods

Data for this study were obtained from the Pediatric Health
Information System (PHIS), an administrative database con-
taining billing data from 49 not-for-profit, tertiary care pedi-
atric hospitals in the United States. Data from all inpatient,
emergency department, and ambulatory surgery admissions,
including admissions to satellite locations, are captured in
the database. These hospitals are affiliated with the Chil-
dren’s Hospital Association. Data quality and reliability are
assured through a joint effort between the Association and
participating hospitals, while the data warehouse function
for the database is managed by Truven Health Analytics.
Data are de-identified, but linked at the time of data sub-
mission and are subjected to reliability and validity checks
before inclusion in the database. This study was approved
by the Institutional Review Board at Connecticut Children’s
Medical Center.

Our target population was children aged from birth to
12 years undergoing one of nine outpatient procedures
between January 1, 2005 and December 31, 2014. We iden-
tified nine ambulatory surgeries which are performed by
pediatric surgeons, six of which may also be performed by
otolaryngologists or urologists. Procedures were identified
by International Classification of Diseases, Ninth Revision
(ICD-9) procedure codes and grouped into three catego-
ries: (1) pediatric surgery cases defined as anal fistulotomy
(49.44, 49.12), umbilical herniorrhaphy (53.4-53.49),
and port placement (86.07); (2) overlapping otolaryngol-
ogy cases defined as thyroglossal duct cyst excision (06.7),

@ Springer

branchial cleft excision (29.2, 29.52), and cervical lymph
node excision (40.21); and (3) overlapping urology cases
defined as unilateral inguinal herniorrhaphy (17.1-17.13,
53.00-53.05), orchiopexy (62.5), and circumcision (64.0).
Patients undergoing concurrent surgical procedures and
records with surgeon type not specified or other than pedi-
atric surgery, otolaryngology, or urology were excluded.
Demographic variables were extracted for cohort descrip-
tion only.

Number of physicians per year was calculated by extract-
ing records from all inpatient, ambulatory surgery, and
observational discharges between January 1, 2005 and
December 31, 2014. As individual physicians are identified
by a unique identifier, we defined the number of physicians
per year as the number of unique identifiers appearing for
each year.

Analyses were performed using SPSS 17.0 (IBM Corpo-
ration, Armonk, NY). Proportions were used for outcomes
to account for a change in physician and/or surgical volume
across time. To determine temporal trends among case cate-
gories, the primary outcome was defined as the proportion of
pediatric surgery cases, overlapping otolaryngology cases,
or overlapping urology cases performed by pediatric sur-
geons (i.e., # cases by pediatric surgeons = total number of
cases). To determine association between physician supply
and number of surgeries performed by pediatric surgeons,
the primary outcome was defined as the proportion of cat-
egory cases performed per pediatric surgeon (i.e., # cases by
pediatric surgeons +number of pediatric surgeons). Bivariate
linear regression was used to test for association and tempo-
ral trend. All tests were two sided, with a p value of <0.05
considered significant.

Results

Of 335,525 records identified, 118,071 (35.2%) were
excluded due to concurrent procedures, 18,554 (5.5%) for
surgeon type not specified, and 5205 (1.5%) for surgeon type
other than pediatric surgery, otolaryngology, or urology.
This resulted in a final cohort of 193,695 patients treated
at 44 PHIS hospitals. The majority of the cohort was male
(83.5%) Caucasians (54.7%) with a median age at interven-
tion of 3 years (IQR 1-6 years). Approximately 19% of pro-
cedures were classified as pediatric surgery cases, 4.8% as
overlapping otolaryngology cases, and 76.3% were overlap-
ping urology cases.

Pediatric surgeons performed nearly all of the pediatric
surgery cases, and there was no overlap between otolar-
yngologists and urologists in overlapping case categories
(Fig. 1). Temporal analysis of case categories found no
change in proportion of pediatric surgery cases performed
by pediatric surgeons over the study period (R?=0.08,
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Fig. 1 Proportion of PHIS pro- 100%
cedures performed by pediatric
surgeons, otolaryngologists, and 90%
urologists. The graph shows

no overlap between otolar-
yngologist and urologists in
overlapping case categories, and
pediatric surgeons performing
almost 100% of pediatric sur-
gery cases, except in umbilical
herniorrhaphy, which had 0.4%
of cases performed by urologists
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p=0.08). However, both overlapping otolaryngology
cases and overlapping urology cases showed a signifi-
cant downward trend in the proportion of pediatric sur-
geons performing these procedures over the study period
(» <0.001 for both) (Fig. 2) The proportion of overlapping
otolaryngology cases performed by pediatric surgeons
declined from 61.7 to 35.1% between 2005 and 2014, and
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proportion of overlapping urology cases fell from 49.2 to
30.8% over the same time period.

There was an increase in the number of physicians across
study years, with pediatric surgeons experiencing a 66.9%
increase from 314 in 2005 to 524 in 2014. Number of oto-
laryngologists increased 56.8% (from 489 in 2005 to 767 in
2014), and urologists increased 58.6% (from 145 in 2005 to
230 in 2014). Linear regression found a strong association
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between number of overlapping otolaryngology cases per-
formed per pediatric surgeon per year and number of otolar-
yngologists per year (R*=0.97, p <0.001) (Fig. 3). A strong
association was also found between number of overlapping
urology cases performed per pediatric surgeon per year and
number of urologists per year (R*=0.72, p=0.002) (Fig. 4).

Discussion

This study found a strong downward trend in the proportion
of overlapping otolaryngology cases (R>=0.82) and over-
lapping urology cases (R*=0.79) performed by pediatric

Fig.3 Association between
number of overlapping otolar-
yngology cases performed by
pediatric surgeons per pediatric
surgeon and number of otolar-
yngologists. This figure shows

a strong association between
number of otolaryngologists
and the number of overlapping
otolaryngology cases per-
formed per pediatric surgeon.
The y-axis is the number of
overlapping otolaryngology
cases performed by pediatric
surgeons -+ the number of pediat-
ric surgeons. As the number of
otolaryngologists increased over
time, the number of procedures
performed per pediatric surgeon
fell
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and number of urologists. This
figure shows a strong associa-
tion between number of urolo-
gists and the number of overlap-
ping urology cases performed
per pediatric surgeon. The
y-axis is the number of overlap-
ping urology cases performed
by pediatric surgeons +the num-
ber of pediatric surgeons. The
R? shows that 72% of variability
in the number of overlapping
urology cases per pediatric sur-
geon is explained by the number
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surgeons, while the proportion of pediatric surgeon cases
remained stable across the study period. Although the num-
ber of pediatric surgeons reflected in the PHIS database
increased during the study period, the proportion of over-
lapping otolaryngology cases and overlapping urology cases
performed by pediatric surgeons decreased significantly over
the last decade, with a 43.1% decrease in the proportion
of overlapping otolaryngology cases and a 37.4% decrease
in the proportion of overlapping urology cases. In fact, the
number of pediatric surgeons represented in PHIS grew at
a higher rate than either otolaryngology or urology (66.9%
vs 56.8% and 58.6%, respectively). These increases are not
only attributed to new physicians entering the market, but
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also physician migration and new hospitals joining the PHIS
database.

This study found a strong association between physician
supply and the types of cases pediatric surgeons were per-
forming. Linear regression found 97% of the variation in
number of overlapping otolaryngology cases performed by
pediatric surgeons was attributed to a change in the number
of otolaryngologists, and 72% of variation in the number of
overlapping urology cases performed by pediatric surgeons
was attributed to change in the number of urologists.

Although our data cannot prove causality, it is possible
that the influx of additional pediatric surgical subspecialists
into the surgical workforce, specifically pediatric urologists
and pediatric otolaryngologists, may influence the practice
patterns and case-mix of American pediatric surgeons as the
procedure boundaries across these specialties are relatively
fluid.

While we could identify no other studies which looked
specifically at how two pediatric surgical subspecialties with
an overlapping scope of practice impacted one another over
time, the differences in genitourinary procedures being per-
formed by pediatric surgeons and pediatric urologists were
recently evaluated by Chan et al. Using the Vizient-AAMC
Faculty Practice Solutions Center database 2009-2014
data, this study determined that pediatric surgeons operate
on younger patients and treat more inguinal hernias, while
pediatric urologists treat more children with undescended
testes and hydroceles [14]. Our findings support Chan et al.’s
findings on hernia repair as we found 68.3% of inguinal her-
nias were repaired by pediatric surgeons, with only 31.7%
repaired by urologists.

Another study by Bruns et al. used 2004—2013 PHIS data
to evaluate trends in pediatric surgical practice over time
to determine if the ratio of “mundane”- and “index”-type
cases changed as more pediatric surgeons entered the surgi-
cal workforce. Similar to the present study, they measured
the procedure volume for umbilical herniorrhaphy at PHIS
hospitals over a decade and found it to be stable over time
(3.7-5.0% of the total “mundane” procedure volume) [15].
The authors concluded that “mundane”-type procedures are
taking up an increasing proportion of pediatric surgeons’
case load, but they did not investigate how these trends
might be related to the increasing supply of other pediatric
surgical subspecialists.

Perhaps, the most important implication of these studies
relates to the pediatric surgical workforce and pediatric sur-
gery resident training. The results of this study suggest that
American pediatric surgeons are performing fewer outpa-
tient neck and genitourinary procedures as the composition
of the surgical subspecialty workforce changes. However,
these types of surgical procedures are still routinely per-
formed by pediatric surgery residents during their training,
and are part of the core content for pediatric surgery by the

American Board of Surgery on In-training, Qualifying, and
Certifying examinations [16]. Proficiency in performing
the types of outpatient procedures investigated in this study
likely has more to do with competency of the individual
surgeon and less with that surgeon’s subspecialty training
[17-19]. However, it is important to determine, as accurately
as possible, which factors (including surgeon subspecialty)
produce the safest and best possible surgical outcomes [20,
21].

Several limitations should be considered when inter-
preting the results from this study. Most importantly, PHIS
categorization of subspecialty does not specify pediatric
designation for either otolaryngologists or urologists, only
pediatric surgeons. Therefore, there is a possibility that adult
ENT and urologic surgeons with privileges at a PHIS hos-
pital could be included in our analysis. Second, PHIS data
include only tertiary care centers, limiting the external valid-
ity of our findings. Also, administrative databases such as
PHIS have the potential to contain miscoded or inaccurate
information. However, the Children’s Health Corporation
of America reduces these data problems using validity and
reliability checks.

Finally, patients undergoing concurrent procedures, and
cases where the “surgeon type” was not specified or were
classified as something other than pediatric surgery, otolar-
yngology, or urology were excluded. These exclusions could
have introduced unknown bias into our sample. However,
exclusions for surgeon type, which we felt presented the
highest risk for bias introduction, comprised only 7% of the
total records identified. Despite these limitations, the data in
this study were relatively straightforward to obtain and most
likely give a reasonable depiction of trends among tertiary
care centers in the United States.

Conclusions

In this cohort, we found an association between physician
supply and the types of cases pediatric surgeons were per-
forming. Also found was a reduction in overlapping oto-
laryngology and urology cases performed by pediatric sur-
geons independent of physician and surgical volume. The
proportion of overlapping otolaryngology cases performed
by pediatric surgeons fell by almost half, while the propor-
tion of overlapping urology cases performed by pediatric
surgeons fell by 37% between 2005 and 2014. These findings
illustrate a possible narrowing of case-mix for pediatric sur-
geons where there is overlap of performance of procedures
with other surgical specialists. This study raises important
questions that have relevance to pediatric surgery resident
education, and pediatric surgery workforce planning.
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