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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

General surgery (GS) resident vascular surgery (VS) operations have declined significantly in
the last 15 years. We hypothesized that initiation of VS fellowship programs (VSEPs) contrib-
utes to that decline. This study examined the effect of establishing new VSFPs on VS case
volumes of residents in associated GS programs.

General surgery programs were reviewed if associated with VSFPs accredited since July 1,
2002 that had 1 or more matriculants (GS case logs only available since 2002 to 2003). Total
VS cases by residents in those programs was analyzed before and after matriculation of first
fellow into the associated VSEP.

Twenty-two programs were available for analysis. General surgery case-log data were available
variably from 0 to 14 years before and 0 to 14 years after first fellows in the associated VSFPs. In 12
programs with 4 years of data before and after matriculation of associated VSFPs’ first fellows, VS
cases increased from 109.6 & 32.4 cases to 143.65 £ 78.15 cases in 4 years before matriculation
(p = 0.008) of VS fellows and then declined from 143.65 to 114.04 £ 46.97 in 4 years after
(p=0.0134). In all 16 programs with 4 years of data after matriculation of the associated VSFP’s
first fellow, VS cases declined from 123.37 4= 71.42 to 103.23 £ 44.35 (p = 0.0232).

New VSFPs diminished peak VS operative volume of residents in associated GS programs,
thereby contributing to declining national average number of VS cases done by GS residents.
Nevertheless, resident VS case volumes remained robust in most GS programs associated with
new VSFPs. Additional study is required to determine both resident perception and
overall impact of VSFPs on associated GS training. (J] Am Coll Surg 2019;228:525—535.

© 2018 by the American College of Surgeons. Published by Elsevier Inc. All rights reserved.)

The volume of vascular surgery (VS) cases performed by
general surgery residents (GSRs) has declined substan-
tially.'” A recent review of case logs from the last 15 years
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demonstrated an approximate 38% decrease in number of
open arterial operations reported by GSRs.' This dramatic
decline in the volume of open vascular cases, including
open aortic aneurysm, carotid endarterectomy, and lower
extremity bypass, for trainees in both GS and VS has been
well documented.””

The reason for the decline in GSR vascular case vol-
ume is unclear and, to date, there has been a paucity
of evidence to fully explain this trend. Multiple factors
might be responsible, including the dramatic shift to
endovascular therapy, the impact of VS independent
programs (“5+42 fellowship”), development and prolif-
eration of integrated VS residency (“5-0”) programs,
as well as the increased number of GSRs in training pro-
grams. According to the ACGME, as of 2017, there
were 90 accredited VS fellowship programs (VSFP)
with 114 trainees total in the US.* During the last
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Abbreviations and Acronyms

AY = academic year
GSR = general surgery resident
VS = vascular surgery

VSFP = vascular surgery fellowship program

2 decades, the number of GSRs has increased, which has
heightened concerns for adequate VS exposure during
GS residency.'

The impact of an associated fellowship on resident
operative volume has been the subject of much debate
and has been identified as an important contributor
to the decrease in GSR volume of nonvascular cases.”"
The purpose of this study was to examine the effect of
new VSFPs on VS operative volume of GSRs in
associated GS residency programs. We hypothesize that
presence of a VSFP contributes to a decline in VS
case volume among GSR in the associated training
program.

METHODS

In compliance with the Declaration of Helsinki, this
study is exempt from review by the IRB due to the
de-identified nature of the data, precluding the possibility

of obtaining informed consent. General surgery programs
that were associated with a VS independent programs
(5+2 fellowship) receiving initial accreditation from the
ACGME between July 1, 2002 and June 30, 2017 were
identified. The choice of July 1, 2002 as the boundary
for inclusion was mandated by the fact that individual
GSR cases logs available for review extended only as far
back as the 2002 to 2003 academic year (AY). General
surgery residency programs were included for review if
they were located in the same ACGME sponsoring insti-
tution as one of the new VSFPs and at least 1 fellow had
matriculated into the associated VS program. For those
GS programs that were included, the total number of
VS cases reported by each resident as reflected on the
“Defined Categories Report” (2002 to 2003 through
2011 to 2012) or “Minimums Report” (2012 to 2013
through 2016 to 2017) was recorded. In doing so, the
number of residents completing each program in each
year was also noted. Also recorded was the year of matric-
ulation of the first fellow into the VS program associated
with the GS program. The number of vascular cases
reported by residents was then analyzed for trends
based on the number of years before or after matriculation
of the first fellow into the associated VS program. Statis-
tical analyses were performed using Excel Analysis Tool-
Pak included regression (means), analysis of variance,
and Student’s #test. Data are presented as mean £ SD.
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Figure 1. National trends in number of ACGME-accredited general surgery (GS) and vascular surgery fellowship
programs and completing GS residents and vascular surgery fellows.
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RESULTS

Vascular surgery fellowship programs and general
surgery program baseline

Demographics

The number of ACGME-accredited GS programs has
remained stable during the analysis period (AY 2002 to
2003: 252 programs, AY 2016 to 2017: 251 programs);
however, the number of graduating GSRs has increased
by nearly 200, from 1,021 in AY 2002 to 2003 to 1,211
in AY 2016 to 2017 (Fig. 1). The number of vascular
fellows completing fellowship training has increased from
106 to 114 per year during this same time period.

Thirty VS independent (fellowship) programs received
initial accreditation from the ACGME between July 1,
2002 and June 30, 2017. One program was excluded
because there is no GS program in its ACGME spon-
soring institution. Another program was excluded because
its initial accreditation was conferred almost immediately
after withdrawal of accreditation of the previous long-
standing VS program in the same institution. One
program was excluded because it voluntarily withdrew

30 VSFP accredited since
2002-3

shortly after achieving initial accreditation. Five programs
were excluded because no fellow had completed the pro-
gram as of June 30, 2017. Resident case logs in 22 GS
programs associated with new VSFPs were available for
review (Fig. 2).

The first VS fellows entered the newly accredited VSFP
at various times between AY 2002 to 2003 and AY 2016
t0 2017, resulting in a range of available GS program case
logs from 0 to 14 years before the first VS fellow at each
program, and 0 to 14 years after the first VS fellow
(Fig. 3). Of the 22 programs included in our analysis,
10 had fewer than 4 years of operative data before or after
the training of the first VS fellow, leaving 12 GS programs
for a subgroup analysis with comparable numbers of years
of case logs available before and after the matriculation of

the VS fellow.

Vascular surgery cases performed by general
surgery residents

In the 22 identified GS programs with new VSFPs from
2002 to 2017, the number of VS cases performed by

Excluded VSFPs:
-1 not affiliated with any GS

v

22 GS programs affiliated
with new VSFP available
for review

v

program
-1 lost accreditation
-1 withdrew from
accreditation

-5 have no VS fellow
graduates as of 2017

GSR case logs available from:

* 0-14 years before the first VS Fellow
* 0-14 years after the first VS Fellow

\

12 GS programs with operative data
for > 4 years prior to and > 4 years
after the start of first VS Fellow

Figure 2. Overview of general surgery (GS) programs with vascular surgery fellowship programs (VSFPs) accredited
since 2002 to 2003 included for analysis. GSR, general surgery resident; VS, vascular surgery.
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Figure 3. Years of general surgery (GS) resident case-log availability among 22 programs from academic year 2002
to 2003 through academic year 2016 to 2017. VS, vascular surgery.
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Figure 4. Available vascular surgery (VS) case log data from all 22 general surgery (GS) programs at all intervals.
Arrow marks the year of matriculation of the first VS fellow. Yr, year.
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GSRs in these programs increased from a mean 100.4 +
14.59 cases 13 years before the initiation of the VSFP to a
mean of 123.05 = 63.73 cases during the first year of VSF
matriculation. In the 13 years post-VSF matriculation,
the mean number of VS cases decreased to 95.9 +
50.62 cases (Fig. 4).

Subgroup analysis of the 12 programs with at least 4
years of data before and after VSF matriculation demon-
strated that number of vascular cases performed by GSRs
increased from a mean of 109.6 cases 4 years before the
VSFP initiation to a mean of 143.65 cases during the first
year a VSF was present in the program. General surgery
resident vascular case volume fell to a mean of 114.03
cases in the 4 years after the first fellow was introduced
(p = 0.0134; Fig. 5). Importantly, the mean number of
cases in year 4 before the first fellow matriculating
(109.6 cases) was slightly less than the mean of 114.03
cases seen at year 4 after the first fellow.

Fourteen of the programs reviewed have been associ-
ated with a VSFP for a minimum of 5 years (Fig. 06).
Of those, 9 were higher than the 2016 to 2017 national
average of 108.1 vascular cases. All 14 programs were
higher than the 44 vascular case minimum established

by the ACGME Review Committee for Surgery.

DISCUSSION

This analysis demonstrated that a new VSFP was associated
with a substantial decrease in the peak VS operative volume
for GSRs in associated programs, which supports our
hypothesis that VSFPs have contributed to the current
decline in GSR vascular case volume. Nevertheless, GSR
VS case volumes remained robust in many GS programs
associated with new VSFPs. Fellowships were initiated in
institutions with increasing VS case volume as indicated
by the increasing number of vascular cases performed by
GSRs in the years before fellow matriculation. Overall,
the total number of vascular cases performed by GSRs in
the programs reviewed remains higher than the Review
Committee for Surgery-defined category minimum
numbers for GSRs."?

Our data reinforce the findings of previous studies. In
their retrospective review of ACGME surgical case logs,
Hanks and colleagues’ demonstrated that GSRs in programs
without vascular fellows performed significantly more pe-
ripheral obstructive, cerebrovascular, and endovascular cases
than those in programs affiliated with a vascular fellowship.
It should be noted, however, that the study by Hanks and
colleagues was limited to a single year of data (2009). Apart
from that analysis, earlier study of VS fellowships and
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Figure 5. All programs with data 4 years before through 4 years after matriculation of the first vascular surgery
fellow (n = 12). Arrow marks the year of the matriculation of the first vascular surgery fellow.
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Figure 6. The 2016 to 2017 vascular surgery cases in general surgery programs associated with vascular surgery
fellowship program >5 years. RC, ACGME Review Committee.

subsequent impact on GSR vascular case load has generally
shown a negative impact, though much of the earlier litera-
ture has been limited by single-center analysis.”” In one
study, Grabo and colleagues'” evaluated national GSR case
log data from 1996 to 2006 and demonstrated that GSR
vascular case load decreased by 34% during this 10-year
time period, and vascular fellow case volume increased by
78%, due mainly to an increase in the performance of endo-
vascular procedures. This reveals a related, although distinct
trend of decreasing exposure to open VS procedures among
GSRs, including open aortic, cerebrovascular, and lower
extremity cases.”'” Recent studies suggest that the wide-
spread shift in vascular treatment from open to endovascular
procedures is responsible for the decreasing open vascular
surgical volume for GSRs."*"

Current literature presents conflicting evidence evalu-
ating the impact of subspecialty fellowships on GSR case
volume in fields other than VS." Hanks and colleagues’
concluded that the overall impact of fellowships in colo-
rectal, vascular, minimally invasive, and endocrine surgery
on GSR caseload is minimal. Zyromski and colleagues'
demonstrated that hepatopancreatobiliary fellowship can
be incorporated into high-volume clinical training programs
without detracting from GSR’s experience. Similarly, a re-
view of resident case logs showed GSRs did not experience
reductions in the total number of laparoscopic cases with
the addition of an advanced laparoscopic fellowship.'” How-
ever, these were single-center studies, which limits the

generalizability of these findings. When looking at national
dara, the impact of fellowships on resident case volume ap-
pears mixed or negative, especially in urologic surgery, pedi-
atric surgery, minimally invasive surgery, and gynecologic
Surgery.lﬁ,lgrzl

Although our data tend to concur with trends in other
surgical subspecialties, the presence of an affiliated VSFP
did not result in lower than national average case numbers
for the majority of GS programs in this analysis, and no
resident in the study programs had less than the
ACGME-defined minimum number of vascular cases. It
is important to note that VSFPs were initiated in institu-
tions with increasing VS case volume as indicated by the
increasing number of vascular cases performed by GSRs.
Maintaining vascular case volume for GSRs will be best
served by initiating VSFPs in programs with robust
vascular volume.

The clinical impact of the change in the number of VS
operations performed by GSRs is difficult to determine,
especially as modern training shifts from quantity- to
proficiency-based metrics. It is essential to continue to
ensure adequate open vascular surgical opportunities for
GS trainees. The fundamentals of open VS, including
dissection, control, and suturing of blood vessels, are
essential skills in the training of every GSR and can be
applied in a myriad of different subspecialties. Ensuring
adequate open vascular case volume for GSRs is of partic-
ular importance, as endovascular procedures are replacing



Vol. 228, No. 4, April 2019 Shannon et al

Impact of Vascular Fellowship on General Surgery Residents 531

the once predominant open vascular cases, such as aortic
aneurysm repairs and lower extremity bypasses.”'**

As surgical techniques and the field of VS evolve, so too
will the need to continue to hone the VS training experi-
ence for GSRs to ensure adequate open vascular exposure
to acquire the operative skills mentioned. There has been
a dramatic shift from open operation to endovascular ther-
apy,”® which has limited the training opportunities for
GSRs, VSFs, and integrated vascular residents in some pro-
grams. There are simply fewer traditional open cases to go
around. Additional strategies should be considered to
maintain the GSR experience in VS. Many “hybrid” aortic
and lower extremity procedures combine open exposures of
major blood vessels with endovascular therapy remote from
that site. These open exposures are important training op-
portunities for GSRs. Program directors should continue
to rotate both junior- and senior-level residents on vascular
services and closely monitor the number and types of
vascular cases their residents are performing. Establishing
rotations with vascular or general surgeons who are not
affiliated with vascular fellowship, might be another avenue
to maintain vascular case volume. Additionally, strategies
such as simulation training will need to be used to help pro-
grams and trainees get the maximal educational benefit
from the remaining open operations. Regardless of the
strategy used, ensuring appropriate open vascular case
volume to develop foundational vascular operative skills
will be essential in the training of GSRs, especially as the
field shifts toward minimally invasive approaches. To
maintain GSR vascular case numbers, program directors
need to be aware of the impact of vascular fellows on GS
trainee’s vascular experience.

Moving forward, it will be important to understand
GSR perceptions of the impact of a new VSFP on their
experience in VS. There are few studies that depict the
qualitative GSR experience in programs with affiliated
fellowships. In one retrospective review of surgical resi-
dencies in Australia and New Zealand, Petrushnko and
colleagues™ found that although fellows can add to the
educational aspect of training, residents noted a subjec-
tively lower quality of operative experience. Conversely,
assessment of OB/GYN residents in programs with and
without gynecologic oncology fellowships showed that
fellowship presence increased resident perception of expo-
sure to complex cases.”

Limitations of this study include its retrospective obser-
vational nature and inability to control for unmeasured
variables. The ACGME case logs are self-reported by
trainees and subject to reporting error, particularly among
procedural classification. Our analysis was limited to case
volume, but other effects of VSFP presence on associated
GS programs warrant additional analysis, including the

level of resident satisfaction with VS training, and resident
performance on board examinations. Additionally, our
study assessed total number of vascular cases only and
did not evaluate the distribution of types of cases per-
formed by residents. Finally, it must be emphasized that
the effect of VSFPs on associated GS programs cannot
necessarily be generalized to other types of fellowship
programs.

CONCLUSIONS

Vascular fellowships are an integral aspect of continuing
to produce qualified vascular surgeons in an effort to
meet the increasing demand within the field.** However,
VSEFPs are associated with a decline in the number of
vascular cases performed by residents in associated GS
programs. Program directors and surgical department
chairs must be cognizant of the impact of VSFPs on the
training experience of GSRs, particularly given the dra-
matic shift of VS from open operations to endovascular
intervention. Multifaceted strategies to ensure GSRs get
adequate vascular exposure to develop fundamental skills
should be used and evaluated.
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Discussion ’ ®

DR GILBERT R UPCHURCH (Gainesville, FL): In this work
from the University of Virginia and the Accreditation Council
for Graduate Medical Education (ACGME), Dr Robinson and
coauthors have examined the ACGME case logs of general sur-
gery residents from 2002 to 2017 in order to determine if the
presence of a new vascular fellowship affected the number of
vascular surgery cases being performed by general surgery resi-
dents. As part of their methodology, they selected the 4 years
before as the “ramp up” phase, and then compared that with 4
years afterward to determine if there were differences in the num-
ber of cases. Not surprisingly, the number of vascular cases
performed by general surgery residents decreased by about
20%; however, the case numbers remained well above the mini-
mum numbers of 44, averaging about 100 cases per general
surgery trainee per year.

It seems as though during the same period, the overall number of
general surgery residents went up by almost 20% even though the
number of general surgery resident programs remained flatc. What
role might the increase in general surgery residents have on
decreasing the number of vascular cases performed by general sur-
gery residents? Second, you touched on this a little bit, but it is well
documented that we are heading for a fairly significant crisis in
terms of not having enough vascular surgeons in the US, given
the explosion of diabetes and obesity, and with people living longer.
The vascular community, in collaboration with the American
Board of Surgery and the Vascular Surgery Board, approved a pri-
mary certificate in vascular surgery. During the same period of your
study, there were many more new vascular residencies opened up
than there were fellowships. What might the impact of these
vascular surgery residents be on the general surgery case logs?
This might be even more important given the fact that many of
these cases, such as amputations, veins, and traumas, are going to
be managed by the postgraduate year 1 and 2 surgeons in their gen-
eral surgery years.

Finally, during the same period, there has really been a complete
transition of vascular surgery to endovascular as opposed to open
surgery, such that the number of open aortic aneurysms performed
by a finishing vascular surgery fellow in the year 2018 is only about
5. How can one justify sharing those cases with general surgery
residents in this particular setting?

I think your point is that we have to come up with new
paradigms to get our general surgery residents more vascular
surgery exposure. At our Veteran Affairs Hospital at the
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