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Abstract

Purpose: With the increased availability of colonoscopy to average risk per-
sons due to insurance coverage benefit changes, we sought to identify changes
in the colonoscopy workforce. We used outpatient discharge records from
South Carolina between 2001 and 2010 to examine shifts over time and
in urban versus rural areas in the types of medical providers who perform
colonoscopy, and the practice settings in which they occur, and to explore
variation in colonoscopy volume across facility and provider types.
Methods: Using an all-payer outpatient discharge records database from
South Carolina, we conducted a retrospective analysis of all colonoscopy pro-
cedures performed between 2001 and 2010.
Findings: We identified a major shift in the type of facilities performing
colonoscopy in South Carolina since 2001, with substantial gains in ambu-
latory surgery settings (2001: 15, 2010: 34, +127%) versus hospitals (2001:
58, 2010: 59, +2%), particularly in urban areas (2001: 12, 2010: 27, +125%).
The number of internists (2001: 46, 2010: 76) and family physicians (2001:
34, 2010: 106) performing colonoscopies also increased (+65% and +212%,
respectively), while their annual procedures volumes stayed fairly constant.
Significant variation in annual colonoscopy volume was observed across med-
ical specialties (P < .001), with nongastroenterologists having lower volumes
versus gastroenterologists and colon and rectal surgeons.
Conclusions: There have been substantial changes over time in the number
of facilities and physicians performing colonoscopy in South Carolina since
2001, particularly in urban counties. Findings suggest nongastroenterologists
are meeting a need for colonoscopies in rural areas.

Key words ambulatory care, family medicine, health services research, hos-
pitals, physician supply.

Colorectal cancer (CRC) is the third most common can-
cer, and the third leading cause of cancer death for both
men and women in the United States.1 Because of its
effectiveness in reducing CRC incidence and mortality,2

screening is recommended by the American Cancer So-
ciety and US Preventive Services Task Force (USPSTF)
starting at 50 years of age for average-risk persons,
and up to age 75.3,4 Screening modalities for CRC are
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numerous and include colonoscopy, the fecal immuno-
chemical test (FIT), the fecal occult blood test (FOBT),
flexible sigmoidoscopy, double-contrast barium enema,
the stool DNA test, and CT colonography.4 Use of flex-
ible sigmoidoscopy and fecal occult blood testing for
CRC screening have substantially declined in the past 2
decades in favor of colonoscopy,5-8 due in part to growing
reimbursement for average-risk colonoscopies, screening
recommendations that favor endoscopic approaches for
their cancer prevention potential,4,9 and physician pref-
erences and referral patterns.10,11 In 2012, more than
60% of all persons aged 50-75 screened underwent a
colonoscopy versus other modalities, with FOBT coming
in second at 10%.12

With increasing use of colonoscopy,7 there also has
been increasing variability in the types of providers
performing colonoscopies (eg, gastroenterologists, fam-
ily medicine [FM], internal medicine [IM], general, and
colorectal surgeons, as well as physician extenders such
as physician assistants).13 While studies have found that
nongastroenterologist providers can provide safe and
cost-effective colonoscopy,14-24 other studies have re-
ported increased risk of complications (particularly for
complex colonoscopies), as well as lower adenoma de-
tection rates, exam completion rates, and cecal intu-
bation rates among nongastroenterologists.25-31 These
poor outcomes may be due in part to lower procedure
volumes.20,21,27,29,32-34

The extent to which providers in different spe-
cialties perform colonoscopies in the general popula-
tion is unknown. Yet, changes in the distribution of
provider specialties performing colonoscopy, the com-
plexity, duration and adequacy of supervised training,
and the volume of colonoscopies performed could have
a downstream influence on colonoscopy quality.27,34,35

Our study aimed to examine the extent to which
colonoscopy providers of different specialties perform
colonoscopies in South Carolina (SC), a state that
serves a large, rural population (34% based on 2010
Census36), which may present unique challenges to the
provision of high-quality colonoscopies. We also exam-
ined geographic and temporal variation in practice set-
tings (hospital vs ambulatory surgery centers [ASCs])
and annual procedure volume by physician medical
specialty.

Methods

South Carolina has mandatory, population-based report-
ing for all visits to emergency departments, hospitals,
and ASCs. Because reporting of all visits is required
by legislation, data are not restricted to specific pay-

ers or age groups. To determine the number and type
of providers providing colonoscopy, we used outpatient
data from the SC Ambulatory Surgery Discharge database
(which includes hospitals and free-standing ASCs), re-
stricted to individuals 50-74 years of age who underwent
a colonoscopy between 2001 and 2010, in order to iden-
tify average-risk individuals eligible for population-based
CRC screening.3 All indications for colonoscopy were in-
cluded due to difficulty disentangling the test purpose
from the available discharge records, without correspond-
ing medical record data,37 and a primary focus on work-
force shifts based on total colonoscopy utilization among
persons 50-74 years. Nationally, studies show that ap-
proximately 38%-45% of all colonoscopies are done for
screening purposes.38-40

We defined a colonoscopy center as a facility (hospital
or ASC) performing �1 colonoscopy in any particular
year. Centers were identified using a unique facility ID.
One key facility-level characteristic, county urban/rural
status, was defined based on 2003 Rural-Urban Con-
tinuum Codes developed by the US Department of
Agriculture41 (metropolitan categories collapsed to rep-
resent urban, and nonmetropolitan categories collapsed
to represent rural).

Colonoscopy providers were defined as physicians who
performed �1 colonoscopy to individuals aged 50-74
years in any particular year. Providers were identified us-
ing a unique provider ID in the SC Ambulatory Surgery
Discharge Database. Medical specialty is self-reported
during the physician licensing process required by the SC
Board of Labor and Licensing, and it is directly linked
to the discharge data. Additional information from the
National Provider Identifier Registry was used to supple-
ment the database where medical specialty information
was missing in the database, as well as to validate the
medical specialty reported in the discharge database. Only
0.24% of physicians in the data set had missing specialty
information over the time period under examination. We
focused on 5 physician specialties: gastroenterology (GE),
general surgery (GS), IM (including Geriatric IM), colon
and rectal surgery (CRS), and FM (including Geriatric
FM) because they perform nearly all colonoscopies. Other
specialists performing colonoscopy were excluded due to
the low volume of procedures performed annually (ie,
<1% of procedures in 2010). Colonoscopies provided by
these “Other” specialties were included, however, in all
aggregate descriptive statistics. Records without a desig-
nated provider (ie, discharge record with only center-
level information) were excluded from our provider-level
analyses (n = 1,803; 0.22%). When multiple providers
were included on a single discharge record (13% of
records), only the characteristics of the first provider
listed on the discharge record were used for our analy-
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sis, as he/she was assumed to be the patient’s attending
physician/provider.

The most comprehensive list of codes associated with
colonoscopy was included (Appendix A, available online
only) to try to capture all facilities and providers perform-
ing colonoscopy in the screening-eligible population, and
explore procedure volume patterns. Analysis of variance
and the Kruskal-Wallis rank sum test were used to ex-
amine statistical differences in the physician/center vol-
ume, and the chi-square and Fisher’s exact test were
used to examine the differences in proportions. Statisti-
cal significance was based upon an alpha level of 0.05.
Subsequently, to examine whether the growth rate of
colonoscopy centers and providers outpaced the popula-
tion eligible for CRC screening, we standardized the num-
ber of colonoscopy centers, colonoscopy providers, and
the population aged 50-74 by year, plotted the variables
on a scatterplot, and fit a linear trend line to the data.
All analyses were performed in SAS Version 9.3 (SAS In-
stitute Inc., Cary, North Carolina) and R (The R Foun-
dation for Statistical Computing, Vienna, Austria). This
study was reviewed and deemed exempt from oversight
by the University of South Carolina Institution Review
Board (Protocol No. 00032542).

Results

Characteristics of Colonoscopy Centers

In 2010, there were 93 unique colonoscopy centers lo-
cated in SC, 79 of which had at least 1 gastroenterologist
practicing there as their primary office location. This rep-
resented a 27% increase in the number of colonoscopy
centers and a 46% increase in those with practicing gas-
troenterologists compared to 2001, when Medicare began
covering colonoscopy for people of average risk. Most of
the change over time in availability of colonoscopy cen-
ters occurred in urban counties (Urban: 34% change, Ru-
ral: 15% change). Using linear trend analysis, we found
the growth of colonoscopy centers and the population
aged 50-74 exhibited a strong, positive linear relation-
ship over time (Figure 1A). This linear trend occurred in
both urban and rural settings; however, both slopes were
slightly <1.00 (βurban = 0.96, βrural = 0.89), indicating
that the population aged 50-74 is growing slightly faster
(although not significantly) than the number of associ-
ated colonoscopy centers. A linear relationship was also
found between the number of individual colonoscopy
providers and the population aged 50-74 (Figure 1B),
with both urban and rural slopes <1.00 (βurban = 0.85,
βrural = 0.92), indicating faster growth (although not sig-
nificant) of the population aged 50-74 compared to indi-
vidual providers.

The number of hospitals providing colonoscopies re-
mained fairly constant over time, while the num-
ber of ASCs increased more than 125% (Figure 2A).
Growth of ASCs performing colonoscopy was most pro-
nounced in urban counties. The percent change in annual
colonoscopy volume in hospitals between 2001 and 2010
was -7% in urban areas and +12% in rural areas, and
in ASCs, it was +58% in urban areas and +33% in rural
areas (Figure 2B).

Characteristics of Colonoscopy Providers

There were 583 unique colonoscopy providers in 2010,
up from 448 in 2001 (+30%). In most urban and ru-
ral counties, the density of providers per 100,000 per-
sons aged 50-74 declined. Only a few counties saw
marked improvements (eg, Greenwood County, Chester-
field County, Jasper County).

In 2010, 78% of providers performed the majority of
their colonoscopy procedures at a hospital (Table 1) com-
pared to 91% in 2001. Gastroenterologists were more
likely to work in ASC settings than nongastroenterolo-
gists. From 2001 to 2010, the number of providers per-
forming colonoscopy primarily in ASCs more than tripled
from 41 to 127, while the number of providers perform-
ing colonoscopy in hospitals as their primary office set-
ting increased only 12%, indicating a major shift in where
colonoscopies were being performed over time. Providers
in ASCs performed a mean of 323 colonoscopies in 2010
(up from 215 in 2001), compared to only 68 per provider
in hospital settings (down from 93 in 2001).

Overall, from 2001 to 2010, the total number of
colonoscopy providers increased for all specialties, except
for those classified as colon and rectal surgeons, which
remained constant (Figure 3A). The number of family
physicians that performed colonoscopies increased most,
from 34 physicians in 2001 to 106 physicians in 2010. In
both urban and rural areas, nongastroenterologists were
the predominant type of provider; however, rural coun-
ties had fewer gastroenterologists (2001: n = 23; 2010:
n = 20) compared to urban counties (2001: 114, 2010:
n = 133) and experienced a 13% decline from 2001 to
2010 in gastroenterologist availability.

Despite an overall increase in the number of physi-
cians performing colonoscopy, the mean annual volumes
remained low for family practitioners (2001: 13, 2010:
14), internists (2001: 46, 2010: 38), and general sur-
geons (2001: 51, 2010: 83) compared to gastroenterolo-
gists (2001: 283, 2010: 426; Figure 3B). In both urban and
rural counties, gastroenterologists had the highest annual
volumes, followed by colon and rectal surgeons, general
surgeons, internists, and family physicians with the low-
est volumes. Interestingly, rural gastroenterologists and
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Figure 1 Linear Growth of Standardized Measures of Colonoscopy Centers (A) and Individual Colonoscopy Providers (B) in Relation to Growth in the

Population Aged 50-74, by Urban versus Rural Location, 2001-2010.
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Note: Provider location is classified as “primarily” urban or rural based on where the majority of their colonoscopy procedures were performed in a

particular year. Each marker (urban = diamond, rural = triangle) on the graph represents a particular year of the study period, 2001 to 2010.

general surgeons had higher annual procedure volumes
on average than their urban counterparts (Table 1).

Discussion

Since the Centers for Medicare and Medicaid Services
began covering colonoscopy for average-risk individuals
in 2001, the number of ASCs performing colonoscopies
has climbed sharply. This rapid growth in market share
also has been shown nationally among Fee-For-Service
Medicare beneficiaries, with 58.6% of colonoscopies be-

ing performed in ASCs in 2000 compared to 83.7% in
2009.42 This shift may offer significant savings for Medi-
care, as ASC payment rates are approximately half that
paid to hospital outpatient departments.

From 2001 to 2010, the number of family physicians
performing colonoscopy in SC has also increased, possibly
resulting from colonoscopy training programs for SC fam-
ily physicians.43 A corresponding increase in the number
of active family physicians was also noted nationally44

and in SC45 during this time period, although all but 2
of SC’s counties are still considered primary care shortage
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Figure 2 Changes in Colonoscopy Centers (A) and Average Procedure Volume (B) Between 2001 and 2010 in South Carolina, by Practice Setting and

County Urban/Rural Designation.
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areas (either whole or in part).46 Despite the rise in the
number of facilities and colonoscopy providers over time,
some improvements have been limited to urban coun-
ties. For example, the number of gastroenterologists with
a primary office location in rural SC has declined by 13%,
whereas urban counties experienced a 17% increase.

Our study found that nongastroenterologists do indeed
fill a gap in counties without a practicing gastroenterol-
ogist. Despite our finding that nongastroenterologists are
more common in rural areas, lacking a gastroenterolo-
gist in one’s own county may not necessarily translate to
lower quality colonoscopies for rural residents. A recent

study in Oregon found that nongastroenterologists per-
forming colonoscopy in rural areas had comparable polyp
detection rates compared to nonrural practices, but lower
cecal intubation rates, retrieval of resected polyps, and
submission of polyps to pathology.47 Rural residents also
often bypass local nongastroenterologists48 to seek care
from gastroenterologists in neighboring counties. Fewer
opportunities may exist, however, for residents who lack
transportation to travel for health care. More research
is needed to determine the quality of care provided by
nongastroenterologists in urban and rural settings, where
procedure volumes are expected to vary.
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Table 1 Provider Characteristics, by Physician’s Medical Specialty, 2010

Alla GE GS IM FM CRS P valueb

Overall distribution, n (%) 583 153 165 76 106 17

(100) (26.2) (28.3) (13.0) (18.2) (2.9)

Overall annual volume,c mean (SD) 152 426 83 38 14 275 <.001

(240) (268) (102) (197) (38) (192)

Primary office setting, n (%)

Urban county 399 133 117 50 40 17 <.001

(68.4) (86.9) (70.9) (65.8) (37.7) (100.0)

Rural county 184 20 48 26 66 N/A

(31.6) (13.1) (29.1) (34.2) (62.3)

Hospital 456 61 149 69 99 15

(78.2) (39.9) (90.3) (90.8) (93.4) (88.2)

Urban county 287 53 104 43 33 15 <.001

(62.9) (86.9) (39.8) (62.3) (33.3) (100.0)

Rural county 169 8 45 26 66 N/A

(37.1) (13.1) (30.2) (37.7) (66.7)

Ambulatory surgery 127 92 16 7 7 2

(21.8) 60.1 9.7 9.2 6.6 (11.8)

Urban county 112 80 13 7 7 2 .699

(88.2) (87.0) (81.3) (100.0) (100.0) (100.0)

Rural county 15 12 3 N/A N/A N/A

(11.8) (13.0) (18.7)

Annual volume, mean (SD) 127 349 75 38 14 219 <.001

(201) (224) (89) (193) (38) (162)

Urban county 154 345 40 50 29 219

(217) (224) (88) (234) (57) (162)

Rural county 61 377 86 14 5 N/A

(144) (225) (92) (56) (13)

aIncludes providers not classified in 1 of the 5 predominant medical specialties providing colonoscopies.
bP values calculated using analysis of variance and Kruskal-Wallis for volume and chi-square and Fisher exact test for proportion comparisons.
cOverall annual volume is based on data from any location where colonoscopy was provided by each provider, and annual volume at the primary office

setting is based on data for all colonoscopies performed at the location in which the majority of procedures were performed. Volume calculations based

on data from all patients served aged 50-74, including out-of-state patients and all colonoscopy indications (ie, surveillance, screening, and diagnostic).

Our findings suggest that growth in the supply of
providers following Medicare coverage of colonoscopy in
2001 has been heterogeneous across different provider
types and care settings. As efforts are underway to screen
80% of the screening-eligible US population by 2018,49

programs to address colonoscopy capacity limitations in
rural America will be needed. In a survey of program di-
rectors of family medicine residency programs, only 18%
of directors reported training one or more residents to
perform colonoscopies.50 When colonoscopy is incorpo-
rated into the residency training programs, indicators of
success (eg, adenoma detection rate) increase with vol-
ume regardless of specialty.32,51-54 A minimum threshold
of 140 supervised colonoscopies for GE residents was
previously recommended by the American Society for
Gastrointestinal Endoscopy; however, new research sug-
gests it takes 250+ procedures to achieve competence.55

In contrast, the American Association of Family Physi-
cians recommends a minimum threshold of 50 colono-
scopies for basic competency.56 More research is needed

to determine the optimal number of procedure thresholds
to maintain competency and success rates post training,
particularly in nongastroenterologists who perform fewer
colonoscopies. Furthermore, while the number of physi-
cians performing colonoscopy is increasing over time,
surveillance of quality measures including cecal intuba-
tion rates and complication rates, as well as long-term
outcomes such as incident CRCs, will be critical metrics in
view of the predominance of nongastroenterologists per-
forming colonoscopies.

Notwithstanding the need for more research on qual-
ity of colonoscopies performed by nongastroenterolo-
gists, one must realize that using only gastroenterolo-
gists to perform colonoscopy in rural areas is not likely
to be feasible, given their limited availability, and con-
sider as a consequence that a broader range of CRC
screening modalities might be necessary under these
conditions.57-59 Interventions with targeted outreach (eg,
mailed FIT kits) and education in rural areas have shown
high success rates for FIT60-62 and FOBT63 completion.
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Eberth et al. Workforce Trends in Colonoscopy Providers

Figure 3 Changes in Colonoscopy Providers (A) and Their Average Procedure Volume (B) Between 2001 and 2010 in SC, by Physician Medical Specialty.
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Primary care providers are uniquely situated to offer indi-
viduals less invasive screening tests such as FIT and FOBT
without additional training and with minimal time com-
mitment. Research is therefore warranted to further ex-
plore CRC screening capacity (using different combina-
tions of testing approaches and provider types) in rural
areas.

Limitations

Limitations of our study also exist. This was a purely de-
scriptive study, which established considerable variation
among provider types (employment settings and medi-

cal specialties) in the volume of colonoscopies performed
over space and time, although the data were not very re-
cent. Also, our results may not be generalizable to other
states. However, our population-based study contributes
important new knowledge to the existing literature that is
largely limited to reports of single institutions, systems or
payers, and lays the foundation for national studies using
a similar framework.

Conclusion

In conclusion, we observed a major shift in practice
settings for colonoscopy, whereby the number of ASCs
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performing colonoscopy has substantially increased over
time, particularly in urban counties. In spite of the con-
siderable growth in the number of colonoscopies per-
formed and of unique colonoscopy providers since 2001,
the difference between urban and rural availability of
colonoscopy facilities and providers has increased. Pro-
grams to increase use of FOBT/FIT, recruit additional gas-
troenterologists, or train nongastroenterologists to pro-
vide colonoscopies in underserved communities would
help alleviate the disparities observed in CRC screening
and mortality rates in rural communities.
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