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The effect of subspecialty programs on associated general surgery programs is largely undoc-
umented. This study examined the effect of new pediatric surgery fellowship (PSF) programs
on the pediatric surgical experience of residents in the associated general surgery programs.
Pediatric surgery fellowship programs established after 2002—2003 (earliest available
ACGME caselogs) were identified. The number of pediatric surgery cases reported by each
completing resident as surgeon in the associated general surgery programs from academic
year (AY)2002—2003 to AY2016—2017 were recorded and examined before and after entry
of the first fellow into associated pediatric surgery programs.

Fifteen general surgery residency programs associated with new PSF programs were reviewed.
First fellows entered the new PSF programs from 2002—2003 to 2013—2014. General sur-
gery caselog availability before and after fellow matriculation varied accordingly. Data were
available from 12 programs through the 5 years before matriculation of the first fellow
into the associated PSF program. Over that time, the number of pediatric surgery cases
performed by residents in those general surgery programs increased from 54.56 £ 2.98 to
68.71 £ 4.12 (p = 0.003). In 12 general surgery programs with resident caselogs available
for the first 5 years after matriculation of the first fellow into the associated PSF programs,
the mean number of resident pediatric surgery cases declined from 56.75(% 3.42) to
47.15(+ 2.73) (p = 0.015).

Establishment of a new PSF program results in a significant decline in the pediatric surgery
experience as surgeon for residents in the associated general surgery program. This outcome
should be carefully weighed in the decision to establish a new PSF program. (J Am Coll Surg
2019;229:126—133. © 2019 by the American College of Surgeons. Published by Elsevier

") Check for updates

Inc. All rights reserved.)

The number of fellowship programs in subspecialties
derivative of general surgery continues to rise. Much has
been written about the reasons that residents seek subspe-
cialty training. The overall impact of fellowship programs
on general surgery education has been addressed by
others. There has been very little research, though, on
the impact of a derivative subspecialty fellowship program
on an individual general surgery residency program in the
same institution.
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The aim of this study was to examine the impact of a
derivative subspecialty program on 1 aspect of the coexist-
ing general surgery program; the operative experience of
residents in that subspecialty. The subspecialty of pediatric
surgery was chosen because the ACGME caselog system
clearly documents pediatric surgery cases performed by
general surgery residents,’ and itis 1 of only 3 subspecialties
derivative to general surgery in which ACGME-accredited
programs are limited to a single training paradigm.
Furthermore, pediatric surgery is an “essential component”
of general surgery,” and its importance in the training of
general surgeons has been designated by that or some anal-
ogous title for decades. In its 2017—2018 Booklet of Infor-
mation, the American Board of Surgery notes that
“comprehensive knowledge and management of condi-
tions in [pediatric surgery] generally requires additional
training” but that “...in some circumstances, the certified
general surgeon provides care in [the area.]”” General sur-
geons may be called on in many settings to respond to
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pediatric surgical emergencies—both traumatic and non-
traumatic. In some settings, particularly in under-
resourced areas (rural or urban), the general surgeon may
be asked to provide elective consultation in the pediatric
population as well. Therefore, it is important to provide
pediatric  surgical  experience—including  operative
experience—to all general surgery residents.

One potential method for understanding the impactofa
pediatric surgery fellowship program on the associated gen-
eral surgery program would be to compare the pediatric
surgical operative experience of residents in general surgery
programs that are affiliated with pediatric surgery fellow-
ship programs to that of residents in general surgery
programs that are not affiliated with pediatric surgery
fellowship programs. Itis a reasonable assumption, though,
that pediatric surgery fellowship programs are established
in institutions that have an abundance of pediatric surgery
cases. Furthermore, it is a reasonable assumption that
despite the presence of a pediatric surgery fellowship pro-
gram, some of that abundance of cases “trickles down” to
the residency level. For those reasons, a different method
was chosen for this study. We examined the operative expe-
rience in pediatric surgery of the residents in general surgery
programs associated with new fellowship programs in that
subspecialty and did so both before and after establishment
of the subspecialty programs. In this way, each program
essentially serves as its own control in determining the effect
of a new pediatric surgery fellowship program co-located in
the same institution.

METHODS

Pediatric surgery programs that have achieved ACGME
accreditation since July 1, 2002 were identified. The choice
of that date was dictated by the fact that general surgery resi-
dent/program specific caselogs have been available only
since the 2002—2003 academic year. In the general surgery
programs associated with newly accredited pediatric sur-
gery programs, the number of pediatric surgery operations
logged as surgeon by each completing resident from the
2002—2003 academic year (AY) through the 2016—2017
AY was recorded. Trends in the number of pediatric surgery
cases done by residents before and after the first fellow
matriculated into the associated pediatric surgery fellow-
ship program were identified and were analyzed using
regression analysis and Student’s #test (Excel Analysis
TookPak). Pediatric surgery case numbers are represented
as means =+ standard error of the mean.

RESULTS
A total of 17 pediatric surgery fellowship programs
received ACGME accreditation between July 1, 2002

and June 30, 2017. Two of those programs were in chil-
dren’s hospitals, which do not sponsor general surgery
programs. Therefore, 15 general surgery programs were
available for potential review. The first fellows matricu-
lated into the associated new pediatric surgery programs
at various times beginning with the 2002—2003 AY and
ending with the 2013—2014 AY. Therefore, caselogs
were available for residents completing associated general
surgery programs from 0 to 11 years before matriculation
of the first fellow into the associated pediatric surgery pro-
gram and from 3 to 14 years after the matriculation of
that fellow. Owing to that variability, analyses were per-
formed grouping the general surgery residents/programs
by the number of years before or after matriculation of
the first fellow into the associated pediatric surgery pro-
gram, rather than by academic year.

A preliminary analysis included the pediatric surgery
cases recorded by residents in each of the 15 general sur-
gery programs at each interval from the matriculation of
the first fellow into the associated pediatric surgery pro-
gram. That analysis revealed a pattern of an increasing
number of cases before the first fellow entered the associ-
ated pediatric surgery program followed by a decreasing
number after that first fellow (Fig. 1).

That preliminary analysis included varying numbers of
programs (hence, residents) at different intervals from the
establishment of the pediatric surgery fellowship program.
Figure 2 shows results from the 9 general surgery pro-
grams for which data were available for the period from
5 years before to 5 years after matriculation of the first
fellows into the associated pediatric surgery programs.
The general pattern seen in Figure 1 again emerged. In
the period from 5 years to 1 year before matriculation
of the first pediatric surgery fellow, the average number
of pediatric surgery cases done by each general surgery
resident increased approximately 31% (7.75%/year)
from 54.87 (+ 2.94) to 71.89 (£ 4.73) (p = 0.002).
In the 5 years after matriculation of the first fellow into
the associated pediatric surgery program, the mean num-
ber of pediatric surgery cases performed by general surgery
residents fell approximately 29.6% (4.9%/year) from
61.89 (£ 4.48) to 50.63 (£ 3.64) (p = 0.027).

In 12 of the 15 programs, data were available for the
period of 5 years to 1 year before matriculation of the first
fellows into associated pediatric surgery programs. In
those programs, the mean number of pediatric surgery
cases recorded by residents increased approximately
25.9% (6.5%/year) from 54.56 (+ 2.98) 5 years before
the first fellow to 68.71 (£ 4.12) the year before the first
fellow matriculated (p = 0.003) (Fig. 3). Likewise, in 12
of the 15 programs, there were data available from the
first 5 years after matriculation of the first fellow into
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Figure 1. Data from all 15 studied general surgery programs at all
intervals. The number of programs (# Programs), the number of
residents (# Residents), the mean number of pediatric surgery
cases performed by each general surgery resident (Mean), and the
total number of pediatric surgery cases performed by general sur-
gery residents in all study programs (Total, right vertical axis) are
shown for all intervals. F O denotes the year that the first fellow
matriculated into the associated pediatric surgery program. Nega-
tive numbers (ie F —9) represent intervals before matriculation of
the first pediatric surgery fellow. Positive numbers (ie F +9) repre-
sent intervals after matriculation of the first pediatric surgery fellow.
Error bars represent standard error of the mean. Data were avail-
able from all 15 programs only from the F —1 to the F +2 interval.
The number of programs (therefore, the number of residents) varies
in other intervals, depending on the number of years of pre- and
post-fellowship data that were available for each program between
the 2002 to 2003 and 2016 to 2017 academic years.
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Figure 2. The number of residents (# Residents), the mean number
of pediatric surgery cases performed by each resident (Mean), and
the total number of pediatric surgery cases performed by residents
in all programs (Total, right vertical axis) are shown for the 5 years
before matriculation of the first fellow in the associated pediatric
surgery program and for 5 years, thereafter. Nine programs were
available for this analysis. Error bars represent standard error of the
mean. Data points labeled are mean case numbers. The increase in
mean cases from year F —5 to year F —1 was significant (p =
0.002). The decrease in mean cases from year F O to year F +-5 was
also significant (p = 0.027).
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Figure 3. The number of residents (# Residents), the mean number
of pediatric surgery cases performed by each resident (Mean) and the
total number of pediatric surgery cases performed by residents in all
programs (Total, right vertical axis) are shown for the 5 years before
matriculation of the first fellow in the associated pediatric surgery
program. Twelve programs were available for this analysis. Error bars
represent standard error of the mean. Labeled data points are mean
case numbers. The increase in mean cases from year F —5 to year F
—1 was significant (p = 0.003).

the associated pediatric surgery programs. The mean
number of pediatric surgery cases done by each general
surgery resident over that period decreased approximately
17% (3.4%/year) from 56.75(% 3.42) to 47.15(%+2.73)
(p = 0.015) (Fig. 4). Three of the general surgery pro-
grams studied completed residents for 10 years after
matriculation of the first fellow into the associated pediat-
ric surgery program. The mean number of pediatric
surgery cases done by residents in those programs
decreased from 45.42(+ 3.99) to 30.36 (+ 1.62)
(p = 0.002) over that 10-year period.

Finally, 2016—2017 caselog data were available for 63
residents in 9 programs in this study that had been affil-
iated with a pediatric surgery fellowship program for
more than 5 years. The number of pediatric surgery cases
reported by those residents ranged from 20 (the ACGME
Review Committee for Surgery minimum for the number
of pediatric surgery cases reported by a total of 4 residents
in 3 different programs) to 126, with a mean of 40.43
(£ 2.88) and a median of 35.

Figure 5 represents the mean number of pediatric
surgery cases reported by residents completing the indi-
vidual programs that were reviewed.

For comparative purposes, trends in the national mean
for total major cases and for pediatric surgery cases per-
formed by general surgery residents are provided in
Figure 6. During the 14 years for which data are available,
the mean number of pediatric surgery cases performed
by general surgery residents fell approximately 37%
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Figure 4. The number of residents (# Residents), the mean number
of pediatric surgery cases performed by each resident (Mean) and
the total number of pediatric surgery cases performed by residents
in all programs (Total, right vertical axis) are shown for the first 5
years after matriculation of the first fellows into the associated
pediatric surgery programs. Twelve programs were available for this
analysis. Error bars represent standard error of the mean. Labeled
data points are mean case numbers. The decline in the mean
number of cases is significant (p = 0.015).

(2.6%/year). Figure 7 depicts the total number of pediatric
surgery cases recorded nationally in ACGME-accredited
general surgery residency and pediatric surgery fellowship
programs (calculated as the number of graduates/year X
the mean number of cases as surgeon). The decline in the
total number of pediatric surgery cases performed nation-
ally by residents is highly significant (p < 0.001), as is the
increase in the total number of cases performed as surgeon
by pediatric surgery fellows (p < 0.001). Figure 8 depicts
the proportions of the total pediatric surgery cases in the
ACGME caselog that were performed by residents and
by fellows.

DISCUSSION

In the 2016—2017 AY, there were 505 ACGME-
accredited programs in subspecialties derivative to general
surgery’ (Table 1). This represents an approximate 20% in-
crease in the number of such programs in the last 15 years.’
Other agencies currently accredit more than 280 additional
fellowship programs in subspecialty areas derivative to gen-
eral surgery.”"' Importantly, the vast majority of derivative
subspecialty fellowship programs accredited by ACGME
and other agencies reside in ACGME-accredited spon-
soring institutions that also sponsor ACGME-accredited
general surgery residency programs. The increasing num-
ber of general surgery residents who seek subspecialty
training has been well documented,”” and surveys have
elucidated some of the reasons for that increase.'”'> The
overall impact of increased subspecialty training on

specialty training in general surgery has also been
addressed.'"” However, there is a paucity of data about
the impact of the creation of a derivative subspecialty
fellowship program on the operative experience in that sub-
specialty by residents in a general surgery residency
program coexisting in the same institution.

Three single-institution studies have examined the
effects of minimally invasive surgery programs on the
associated general surgery programs. Two of these found
that there was no adverse effect on the minimally invasive
operative experience of the general surgery residents.””'
Interestingly, Linn and colleagues* found that the discon-
tinuance of a laparoscopic surgery fellowship program led
to an increase in laparoscopic cases by residents in the
associated general surgery program. Snyder and
colleagues™ specifically examined the effect of the imple-
mentation of 1 new pediatric surgery fellowship and iden-
tified a significant reduction in the pediatric surgery case
volume of residents in the associated general surgery
program, despite an increased number of pediatric surgery
faculty members and an increase in hospital admissions to
the pediatric surgery service.

Hanks and colleagues™ examined the operative data
recorded by individuals completing ACGME-
accredited general surgery programs in a single year
(2008—2009). They identified individuals who had
completed a general surgery program that either was
or was not associated with a fellowship program in colo-
rectal surgery, vascular surgery, minimally invasive sur-
gery, or endocrine surgery. They then compared the
operative experience in each of those subspecialties of
residents in general surgery programs associated with
programs in that subspecialty to residents in general sur-
gery programs that were not associated with such a sub-
specialty program. In some instances, they found a
reduction in certain specific operations in the general
surgery programs associated with a related subspecialty
program. In other instances (notably, in endocrine sur-
gery), they found that residents in general surgery pro-
grams that were associated with a subspecialty
program performed a greater number of cases in the
related subspecialty than residents in general surgery
programs that were not associated with a fellowship pro-
gram in that subspecialty. Their overall conclusion was
that coexisting fellowship programs had minimal effect
on the cases done by general surgery residents. One
discussant of the study by Hanks and associates™ noted
the lack of comparison of the operative data of the gen-
eral surgery residents before and after establishment of a
fellowship program in the same institution as a major
shortcoming of the study. His contention was that
fellowship programs in a given subspecialty are
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Figure 5. Mean number of pediatric surgery cases performed as surgeon by individuals completing each of the 15 programs annually from

2002 to 2003 through 2016 to 2017. The arrow in each graph denotes the year of matriculation of the first fellow into the associated

pediatric surgery fellowship program. Error bars represent standard error of the mean.
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Figure 6. National mean case numbers for individuals completing
general surgery residency in the years shown. “Ped Surg” repre-
sents the total number of pediatric surgery cases as surgeon.
“Total Major” represents the total number of major cases as sur-
geon (right vertical axis). In both instances, “total” is the sum of
surgeon-junior and surgeon-chief. The p values represent regression
analyses of the means.

established in institutions in which there is an abun-
dance of cases in that subspecialty, and it follows that
the general surgery residents in those institutions would
perform more cases in that subspecialty than would gen-
eral surgery residents in institutions that did not have
fellowship programs in that subspecialty. The finding
in this study that the 63 residents completing the 9
study programs in 2016—2017 that had been affiliated
with a pediatric surgery fellowship program for more
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Figure 7. Total number of pediatric surgery cases recorded na-
tionally in ACGME-accredited general surgery residency (Resident)
and pediatric surgery fellowship (Fellow) programs, as calculated by
the number of graduates per year x the mean number of pediatric
surgery cases as surgeon. Note: National caselogs for pediatric
surgery are available only beginning with the 2003 to 2004 aca-
demic year.
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Figure 8. Proportion of the total pediatric surgery cases recorded in
ACGME caselogs that were performed by general surgery residents
(Resident) and pediatric surgery fellows (Fellow).

than 5 years reported a mean number of pediatric sur-
gery cases (40.43), which was substantially higher than
the national mean for that year (26.3), supports that
assumption.

This study was designed to overcome the limitations of
the studies noted previously. It is a multi-institutional,
multiyear design in which programs serve as their own con-
trols by comparing the number of pediatric surgery cases
performed by general surgery residents before and after
establishment of associated pediatric surgery programs. A
comparison of the number of pediatric surgery operations
done by residents in general surgery programs associated
with pediatric surgery fellowship programs with those in
programs not associated with pediatric surgery programs

Table 1. Fellowship Programs in Derivative Subspecialties
of General Surgery

ACGME-accredited
Colon and rectal surgery
Complex general surgical oncology
Hand surgery
Pediatric surgery
Plastic surgery
Surgical critical care
Thoracic surgery
Vascular surgery

Accredited by other agencies
Abdominal transplant surgery (American Society of
Transplant Surgeons)
Acute care surgery (American Association for the
Surgery of Trauma)
Advanced colon and rectal surgery (The Fellowship Council)
Advanced gastrointestinal (The Fellowship Council)
Advanced thoracic surgery (The Fellowship Council)
Breast oncology (Society of Surgical Oncology)
Endocrine surgery (American Association of Endocrine
Surgeons)
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was, quite purposely, not performed. We previously used
an analogous study design to examine the effects on the
associated general surgery programs of establishment of
new vascular surgery fellowship programs.”

The mean number of pediatric surgery cases performed by
general surgery residents nationally declined steadily at a rate
of approximately 2.6% per year throughout the period of this
study (2002—2003 through 2016—2017). Quite in contrast
to that national trend, the number of pediatric surgery cases
done by residents in the general surgery programs in this study
was significantly increasing at a rate greater than 6.5% per year
before establishment of associated pediatric surgery fellowship
programs. After these fellowship programs were established,
the rate of decrease in the number of pediatric surgery cases
done by residents in the associated general surgery programs
(>3.4%lyear) exceeded the national rate of decline. There-
fore, this study demonstrates that establishment of a new pe-
diatric surgery fellowship program diminishes the number of
pediatric surgery cases done by residents in the associated gen-
eral surgery program. It is important to clearly state, though,
that the diminution of pediatric surgery cases performed by
residents in general surgery programs associated with new pe-
diatric surgery fellowship programs, while stadstically signif-
icant, did not result in a deficiency of pediatric surgery cases
for those residents. Each of the residents met the required
minimum of 20 pediatric surgery cases and the mean number
of pediatric surgery cases performed by the group far exceeded
the national average.

The effect on the number of pediatric surgery cases per-
formed by residents in associated general surgery program
is clearly an important aspect of the impact of the estab-
lishment of a new pediatric surgery fellowship program.
Other effects that remain to be elucidated include the
types of pediatric surgery operations done by the general
surgery residents in the setting of an associated pediatric
surgery fellowship program, the satisfaction of the general
surgery residents with their training in pediatric surgery in
such a setting, the performance of residents from such
programs in the board certification examination sequence,
the educational benefits that accrue to residents from the
complex pediatric surgery cases that an institution with a
fellowship program may attract, and the potential value of
near-peer teaching by fellows. A question that certainly
invites long-term study is the impact on patient care of in-
dividuals performing fewer pediatric surgery operations as
residents, who then enter practice in areas that lack ready
availability of fellowship-trained pediatric surgeons.
Finally, it must be affirmatively stated that the results of
this study reflect only the establishment of new pediatric
surgery fellowship programs and cannot necessarily be
generalized to establishment of new fellowship programs
in other subspecialties.

This study has several limitations. An element that
clearly confounds interpretation of this study is the steady
decline in the number of pediatric surgery cases performed
by general surgery residents nationally. Factors obviously
contributing to that decline are the number and proportion
of pediatric surgery cases performed by pediatric surgery
fellows (Figs. 7 and 8). Figure 7 also indicates that the num-
ber of pediatric surgery cases done by individuals in
ACGME-accredited programs (residency and fellowship)
may have peaked, while the number of residents and, to a
lesser extent fellows, continues to increase. There are other
factors that may contribute to the decline in pediatric sur-
gery cases performed by residents nationally and in the pro-
grams in this study. One such factor is ACGME duty hour
restrictions. In considering that possibility, though, it must
be noted that the total number of major cases performed by
general surgery residents has steadily risen in the era of duty
hour restrictions. It is also possible that general surgery res-
idents are assigned to fewer rotation months on pediatric
surgery than before, that the rotations they perform are at
alower postgraduate year level than before, or both. Unfor-
tunately, there is no good source of data by which those pos-
sibilities can be explored.

There are other limitations. The ACGME case log data
are self-reported by residents, which may result in under-
or over-reporting of case numbers, under- or overstating
of the role played by the resident in any given operation,
and even incorrectly recording the type of operation per-
formed. Another limitation of ACGME case log data is
that they reflect only cumulative data on completion of
the program. As such, it is not possible to determine in
which postgraduate year the pediatric surgery cases
recorded by an individual were performed. It is also not
possible to determine how many pediatric surgery cases
were performed by residents under the supervision of fel-
lows acting as “teaching assistant” after establishment of
the fellowship programs. No attempt was made to iden-
tify changes in the number of pediatric surgery faculty
members, the number of hospital admissions to the pedi-
atric surgery service, the number of pediatric surgery
fellows, the number of clinical sites at which pediatric sur-
gical cases were performed, or the number or length of
pediatric surgery rotations by general surgery residents
in the programs included in the study. Furthermore, it
is not possible to discern the desired fellowship or ulti-
mate career plans of each resident included in the study
and the impact that may have had on their desire to
pursue greater or lesser operative experience in pediatric
surgery. Finally, the date that the first pediatric surgery
fellow actually matriculated into each PSF program was
not available for every program, but the date on which
that fellow completed the program was always available.
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For those programs without a known matriculation date
for their first fellows, the assumption was made that those
fellows matriculated 2 years before completion of the
programs.

CONCLUSIONS

Establishment of a new pediatric surgery fellowship pro-
gram results in decreased operative experience as surgeon
for residents in the associated general surgery program.
The general surgery program director, department chair,
and pediatric surgeons should carefully weigh this outcome
when considering establishment of a new pediatric surgery
fellowship program. Furthermore, in each institution with
an extant pediatric surgery fellowship program, the pro-
gram directors of the general surgery residency and the
fellowship program must actively and cooperatively work
to maintain a meaningful and productive operative experi-
ence in pediatric surgery for the general surgery residents.
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