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Higher Rates Of Emergency
Surgery, Serious Complications,
And Readmissions In Primary Care
Shortage Areas, 2015–19

ABSTRACT Primary care physicians are often the first to screen and
identify patients with access-sensitive surgical conditions that should be
treated electively. These conditions require surgery that is preferably
planned (elective), but, when access is limited, treatment may be delayed
and worsening symptoms lead to emergency surgery (for example,
colectomy for cancer, abdominal aortic aneurysm repair, and incisional
hernia repair). We evaluated the rates of elective versus emergency surgery
for patients with three access-sensitive surgical conditions living in
primary care Health Professional Shortage Areas during 2015–19.
Medicare beneficiaries in more severe primary care shortage areas had
higher rates of emergency surgery compared with rates in the least severe
shortage areas (37.8 percent versus 29.9 percent). They were also more
likely to have serious complications (14.9 percent versus 11.7 percent) and
readmissions (15.7 percent versus 13.5 percent). When we accounted for
areas with a shortage of surgeons, the findings were similar. Taken
together, these findings suggest that residents of areas with greater
primary care workforce shortages may also face challenges in accessing
elective surgical care. As policy makers consider investing in Health
Professional Shortage Areas, our findings underscore the importance of
primary care access to a broader range of services.

S
eventy-four million Americans cur-
rently lack adequate access to prima-
ry care.1 In response, primary care
Health Professional Shortage Areas
(HPSAs) were designated by the fed-

eral government to create incentives for primary
care providers to practice in areaswith the great-
est need.2 These areas are of particular impor-
tance, as areaswith lower primary care physician
density are associated with increased mortality.3

Although primary care physicians are essential
in treating common and chronic medical condi-
tions, they also serve as front-line providers to
identify surgical conditions that require initial
screening and timely referral. This may be
particularly true for access-sensitive surgical

conditions—diagnoses requiring surgery that
is ideally treated in the elective setting but, when
access is limited, have anatural history that often
results in emergency surgery if they are left un-
treated.4,5 Examples include colectomies for can-
cer, abdominal aortic aneurysm repairs, and in-
cisional hernia repairs.
Despite the importance of primary care physi-

cians in facilitating access to surgical care, little
is known about the relationship between prima-
ry care shortage areas and access-sensitive sur-
gical care. On the one hand, the rate-limiting
factor may be primary care physicians, who are
often the first to identify these conditions and
make a surgeon referral. On the other hand, the
rate-limiting factor may be the availability of
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nearby surgeons andhospitals. Forexample, sur-
gical patients living in primary care HPSAs may
need to seek care farther away to undergo com-
mon surgical procedures.6 In addition, residents
in primary care shortage areas have a higher
burden of chronic disease and face greater eco-
nomic challenges in accessing care.7 When these
factors are taken together, it remains unclear
how primary care shortages may affect timely
access to surgical care.
The primary objective of this study was to eval-

uate the association between primary care short-
age severity and outcomes for access-sensitive
surgical conditions. Specifically, we aimed to
evaluate the rates of elective versus emergency
surgery for Medicare beneficiaries undergoing
access-sensitive surgical procedures, stratified
by primary care HPSA severity score.We hypoth-
esized that beneficiaries living in communities
with more severe primary care shortages would
have higher rates of emergency surgery and
worse outcomes for surgical conditions that
should be treated electively.

Study Data And Methods
Data Source And Study Population For this
cross-sectional retrospective cohort study, we
obtained Medicare beneficiary data from the
100 percent capture Medicare Provider Analysis
and Review file for beneficiaries who underwent
surgery during the period 2015–19. This data-
base is maintained by the Centers for Medicare
and Medicaid Services and captures claims sub-
mitted by hospitals where Medicare beneficia-
ries receive care. Hospital-level characteristics
such as teaching status and nursing ratio were
identified using the American Hospital Associa-
tionAnnual Survey, andhospital-level character-
istics were linked to each beneficiary episode
using unique hospital identifiers. This study
was deemed exempt by the Institutional Review
Board at the University of Michigan because of
the use of secondary data.
Medicare beneficiaries ages sixty-five and

older who underwent one of three access-
sensitive surgical procedures were identified us-
ing the International Statistical Classification of
Diseases and Related Health Problems, Tenth
Revision,ClinicalModification (ICD-10-CM), for
colectomy for cancer, abdominal aortic aneu-
rysm repair, and incisional hernia repair. These
procedures were specifically selected, as they are
ideally detected and treated in the elective set-
ting; however, when access is limited, disease
progression leads to an emergency operation.
These conditions are also among the most com-
mon operations, including among older adults.
This cohort has been used as ameasure of access

in several prior studies.4,5,8

The exposure was the degree of primary care
shortage in the beneficiary’s area of residence,
which was identified using federally designated
primary care HPSAs. Primary care HPSAs are
assigned by the Health Resources and Services
Administration to geographic areas with a short-
age of primary care physicians.1,2 A shortage of
primary care physicians is defined as a popula-
tion-to-full-time-equivalent (FTE) primary care
physician ratio of at least 3,500:1, or a ratio of
3,000:1 in an area with “usually high needs for
primary care services or insufficient capacity of
existing primary care providers”9 (details on pri-
mary careHPSAdesignation are inonline appen-
dix exhibit A1).10 Each primary care HPSA is as-
signed a severity score from 0 to 25, with higher
scores reflecting greater primary care need rela-
tive to the available primary careworkforce. Ben-
eficiaries were stratified by primary care HPSA
severity score using the following score cutoffs:
very mild shortage area (scores of 1–5), mild
shortage area (6–10), moderate shortage area
(11–15), severe shortage area (16–20), and very
severe shortage area (21–25).
Because different primary care HPSAs are de-

fined atmultiple geographic levels (for example,
full county, subcounty, and census tract), we
identified beneficiaries residing in primary care
HPSAs by geospatially merging all US census
tracts with the primary care HPSA shapefile
available fromtheHealthResources andServices
Administration.11 Census tracts were identified
as being within primary care HPSAs if their
geographic centroid was within a primary care
HPSA. With each census tract merged to the
HPSA shapefile, we used the census tract to link
the HPSA status to each beneficiary. For each
shortage area, the HPSA shapefile also contains
the shortage area severity score; the number of
FTE primary care physicians providing direct
outpatient care; the total permanent resident
population; and whether the shortage area is
rural or partially rural, as defined by the Health
Resources and Services Administration. Benefi-
ciaries were not counted as living in a shortage
area if the primary care HPSA was designated
after the year of their operation.
Outcome Variables The primary outcome

was the rate of emergency surgery for access-
sensitive surgical conditions in primary care
shortage areas. The acuity of surgerywas defined
as coded in the Medicare inpatient file as elec-
tive, urgent, or emergent. Elective procedures
were defined as those coded as elective, indicat-
ing that the procedure was planned in advance
and scheduled. Emergency procedures were de-
fined as those coded as either urgent or emer-
gent. Urgent procedures require an operation
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withinhours, andemergencyprocedures require
an operation immediately.
Our secondary outcome was risk-adjusted

rates of four thirty-day surgical outcomes: mor-
tality, development of a serious complication,
development of any complication, and readmis-
sion.Mortalitywasdetermined in twoways.Vital
status at the time of discharge was used to deter-
mine in-hospital mortality, and the Medicare
beneficiary denominator filewas used to identify
patients who died within thirty days of dis-
charge. Postoperative complications within thir-
ty days were identified using ICD-10-CM codes
and included pulmonary failure, pneumonia,
myocardial infarction, deep venous thrombosis
and pulmonary embolism, renal failure, surgical
site infection, gastrointestinal bleeding, and
hemorrhage. These complications represent a
subset of ICD-10-CM codes with the highest sen-
sitivity and specificity within claims data, as has
been previously described.12 Serious complica-
tions were defined as the incidence of a coded
complication and a length-of-stay greater than
the seventy-fifth percentile for each procedure,
following prior precedent.13,14 This length-of-stay
criterion has beenused to identify complications
serious enough to have meaningful clinical im-
pact. Readmissionwas identified as any claim for
readmission to any hospital within thirty days
after discharge.
Toevaluate thedistance that beneficiaries trav-

eled to receive surgical care, we calculated the
travel distance, defined as the driving distance
from the geographic coordinates of the popula-
tion-weighted centroid of the beneficiary’s ZIP
code to the geographic coordinates of the hospi-
tal provided from the American Hospital Associ-
ation Annual Survey. Using the ArcGIS Pro
route feature, we calculated the driving travel
distance and travel time for each ZIP code and
hospital pair. For 1,889 beneficiaries (less than
1 percent), we were unable to calculate driving
distance and time because of geographic

constraints—such as if there was no possible
driving route around bodies of water or moun-
tain ranges (for example, beneficiary ZIP code in
Hawaii with operation in a hospital in the conti-
nental United States). In addition, this method
didnot captureothermodesof transport, suchas
public transportation, and thusmay have under-
estimated the actual travel burden for some ben-
eficiaries.
Analysis The purpose of this analysis was to

compare the rates of elective versus emergency
surgery and postoperative outcomes for benefi-
ciaries living in areas with varying degrees of
primary care shortage. To evaluate the associa-
tion between primary careHPSA severity and the
rate of emergency surgery, we calculated the un-
adjusted rate of emergency surgery at each level
of primary care shortage. To evaluate whether
postoperative outcomes were different in areas
with more severe primary care shortages while
accounting for patient and hospital factors, we
used a multivariable logistical regression model
with each outcome as the dependent variable.
All models accounted for the following patient
factors: beneficiary age, sex, Elixhauser co-
morbidities (as previously described by Anne
Elixhauser and colleagues),15 andprocedure type
(colectomy for cancer, abdominal aortic aneu-
rysm repair, or incisional hernia repair). Our
models also accounted for hospital factors, in-
cluding teaching status and nurse-to-patient ra-
tio. To account for secular trends, the year of
surgery was included as a categorical variable.
Risk-adjusted rates of each outcome were calcu-
lated by using predictions from our logistic re-
gression. The rates of emergency surgery and
outcomes at each primary care shortage level
were also calculated for each procedure in-
dependently.
To confirm the robustness of our findings and

further isolate the potential role of primary care
physician shortages, we performedmultiple sen-
sitivity analyses. First, becausepatient character-
istics such as age, sex, and comorbidities may
influence the rate of emergency surgery, we ac-
counted for these characteristics in our model.
In addition, to better account for potential con-
founding, we risk-adjusted our model using the
county-level poverty rate for people ages sixty-
five and older as a continuous variable, as pro-
vided by the AreaHealthResources File. Further-
more, to account for travel distance, we included
beneficiary travel distance to the hospital as a
continuous variable in our model. Second, be-
cause patients undergoing emergency surgery
are more likely to have worse outcomes com-
pared with patients undergoing elective surgery,
we repeated the primary analysis and accounted
foremergency surgery status as abinary variable.

Our findings identify
primary care shortage
areas as a possible
upstream determinant
of patients’ receipt of
timely surgical care.
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Third, because race varied significantly across
the different primary care HPSA severity groups,
we repeated the primary analysis accounting
for race in our model.We also stratified the anal-
ysis by race to better understand the effect that
race may have on the rate of emergency surgery
across primary care shortage areas. Fourth, to
evaluate whether a shortage of surgeons affected
outcomes, we included a binary variable in our
model to indicate whether a beneficiary resided
in an area with a shortage of surgeons. Using the
Area Health Resources File, we counted a bene-
ficiary as living in an area with a shortage of
surgeons if their county of residence had fewer
than seven general surgeons per 100,000 resi-
dents, as previously described.16 Finally, because
the primary care HPSA severity score is a com-
posite measure intended to identify areas with
the greatest primary care need relative to the
available workforce, we repeated our primary
analysis using primary care physician density
alone as the exposure variable. Primary care
physician density is calculated by the Health
Resources and Services Administration using
the number of FTE primary care physicians pro-
viding direct patient care in outpatient depart-
ments relative to the total permanent resident
population foreach shortagearea.9Eachprimary
care HPSA was classified in one of three groups:
high density (more than 20 primary care physi-
cians per 100,000 population), medium density
(10–20 primary care physicians per 100,000), or
low density (fewer than 10 primary care physi-
cians per 100,000). Furthermore, we evaluated
the rates of emergency surgery in areas border-
ing primary care HPSAs. A beneficiary was de-
fined as bordering a shortage area if their ZIP
code contained a designated primary care HPSA
census tract but their census tract was not a des-
ignated shortage area. All statistical analyses
were performed using Stata, version 18. Geospa-
tial merging was performed using ArcGIS Pro,
version 3.1.1. Statistical tests were two-tailed and
used a 5 percent significance level for all hypoth-
esis testing.
Limitations Our study should be interpreted

in the context of important limitations. First, we
used only onemeasure of primary care shortage,
the primary care HPSA. In contrast to the num-
ber of primary care physicians, the HPSA mea-
sure considers multiple domains, making it a
potentially more robust reflection of primary
care need relative to the available workforce.
Nonetheless, we performed a sensitivity analysis
usingprimary care physiciandensitywithin each
shortage area, which demonstrated similar find-
ings. Second, our study could not address all
factors that influence access to surgical care. To
mitigate and address these potential confound-

ers, we applied a risk-adjustment model with
known risk factors for poor surgical outcomes,
carried out multiple sensitivity analyses, and
used a universally insured cohort with 100 per-
cent capture. Moreover, we stratified our expo-
sure by severity of primary care shortage to bet-
ter understand the association of primary care
services and optimal surgical access. Third, the
primary care HPSA measure may underestimate
other sources of primary care services, such as
those provided by advanced practice providers.
At present, however, the current HPSA designa-
tion for primary care does not include these ad-
ditional providers in the measure. Finally, our
study specifically evaluated the nearby availabil-
ity of primary care physicians, as designated by
primary care HPSAs, and did not quantify actual
beneficiaries’ use of primary care within our sur-
gical cohorts.

Study Results
A total of 228,204Medicare beneficiaries under-
went colectomy for cancer, abdominal aortic an-
eurysmrepair, orhernia repairduring theperiod
2015–19 (exhibit 1). Overall, the mean age of
beneficiaries was 76.3 years (standard deviation:
7.6), 49.2 percent were male, 85.7 percent were
White, and 10.5 percent were Black. Beneficia-
ries in areas with the most severe primary care
shortages weremore commonly Black compared
with beneficiaries in areas with the least severe
shortages (33.0 percent versus 3.2 percent;
p < 0:001). Beneficiaries living in areas with
themost and least severe primary care shortages
traveled similar distances (median distance, 31.7
versus 28.2 miles; p ¼ 0:52) and similar times
(median time, 38.7 versus 38.4 minutes;
p ¼ 0:99).
Beneficiaries in areas with the most severe

primary care shortages had higher rates of emer-
gency surgery compared with beneficiaries in
areas with the least severe shortages (37.8 per-

Our findings
underscore the value
of primary care
physicians to a broad
range of health
conditions.
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cent versus 29.9 percent; risk ratio: 1.26; 95%
confidence interval: 1.17, 1.37; p < 0:001) (exhib-
it 2 and appendix exhibit A2).10 In addition, out-
comes were worse for beneficiaries in areas with
the most severe primary care shortages (exhib-
it 3). Compared with patients living in areas
with the least severe primary care shortages,
beneficiaries in areaswith themost severe short-
ages had higher adjusted rates of serious com-
plications (14.9 percent versus 11.7 percent; ad-
justed RR: 1.27; 95% CI: 1.12, 1.44; p < 0:001)
and readmissions (15.7 percent versus 13.5 per-
cent; adjusted RR: 1.16; 95% CI: 1.01, 1.33;
p ¼ 0:03). Compared with areas with lower de-
grees of primary care shortage, beneficiaries in

areas with themost severe shortages had similar
rates of thirty-day mortality (5.6 percent versus
4.8 percent; adjusted RR: 1.17; 95% CI: 0.93,
1.47; p ¼ 0:17) and any complications (25.9 per-
cent versus 24.5 percent; adjustedRR: 1.05, 95%
CI: 0.97, 1.15; p ¼ 0:21). These trends were simi-
lar for each procedure independently (appendix
exhibits A3 and A4).10

The additional sensitivity analyses demon-
strated findings similar to those of the primary
analysis. First, when patient characteristics were
accounted for, the findings were similar to those
of the primary analysis (appendix exhibit A5).10

In addition, the findings were similar after
county-level poverty rate and beneficiary travel

Exhibit 1

Patient, area, and hospital characteristics for Medicare patients undergoing surgery for 3 access-sensitive surgical conditions, overall and by primary care
Health Professional Shortage Area (HPSA) severity score, 2015–19

Primary care HPSA severity scorea

Characteristics Total
Very mild
(1–5)

Mild
(6–10)

Moderate
(11–15)

Severe
(16–20)

Very severe
(21–25)

Patient characteristics

No. of patients 228,204 2,155 38,476 104,361 80,381 2,831
Demographics
Age (mean years) 76.3 76.7 76.7 76.4 76.1 75.4
Male (%) 49.2 50.6 49.5 49.5 48.7 47.2
White (%) 85.7 91.8 89.8 87.0 82.5 65.5
Black (%) 10.5 3.2 7.6 9.0 13.3 33.0

Elixhauser comorbidities (%)
0 6.0 5.3 6.3 6.1 5.7 4.6
1 14.5 15.2 14.8 14.8 14.1 13.7
2 or more 79.5 79.5 78.9 79.1 80.2 81.7

Procedure type (%)
Colectomy 33.4 35.9 35.4 33.6 32.1 28.3
AAA repair 28.2 26.1 26.9 27.8 29.2 31.9
Incisional hernia repair 38.5 38.0 37.7 38.6 38.6 39.8

Travel distanceb (median miles) 20.7 28.2 21.7 19.6 21.2 31.7
Travel timeb (median minutes) 29.2 38.4 29.7 28.2 29.7 38.7

Area characteristics

PCP densityc (mean) 14.1 29.5 23.5 15.4 7.8 6.2
Rural or partially rurald (%) 57.8 74.0 56.4 58.3 56.8 75.5

Hospital characteristics

No. of beds (mean) 479 430 445 478 499 445
Teaching hospital (%) 78.1 83.7 77.6 78.3 78.1 72.1
Nurse-to-patient ratioe (median) 8.7 9.1 9.1 8.7 8.5 8.0
Hospital in a HPSA (%) 52.5 32.0 45.9 52.6 56.2 52.4
Hospital geographic region (%)
Midwest 22.3 62.8 29.2 20.0 21.3 11.3
Northeast 7.3 4.8 7.8 6.8 8.1 <1
South 53.8 15.8 37.7 54.4 60.5 87.5
West 16.6 16.6 25.4 18.8 10.2 1.2

SOURCE Authors’ analysis of data from the Medicare Provider Analysis and Review file, 2015–19; American Hospital Association Annual Survey, 2015–19; and Health
Resources and Services Administration (HRSA) HPSAs data, 2015–19. NOTES In this table, HPSAs are primary care HPSAs. The three access-sensitive surgical conditions
are colectomy for colon cancer, abdominal aortic aneurysm (AAA) repair, and incisional hernia repair. p < 0:001 for all comparisons. aThe HPSA severity score is calculated
by HRSA; a higher score corresponds to a greater degree of primary care physician (PCP) shortage. HPSA severity score criteria are in appendix exhibit A1 (see note 10 in
text). bTravel distance and time were missing for 1,889 beneficiaries (<1%) for whom no possible driving route was identified—for example, around bodies of water or
mountain ranges. cHPSA PCP density is defined as the number of full-time-equivalent PCPs providing direct outpatient care per 100,000 total permanent residents within
each HPSA. PCP full-time equivalents and total resident population are calculated by HRSA for each HPSA. dRurality as defined by HRSA for each HPSA. eDefined as the
ratio of the number of nurse full-time equivalents to the number of inpatient days times 1,000.
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Exhibit 2

Unadjusted rate of and risk for emergency surgery for 3 access-sensitive surgical conditions, by primary care Health
Professional Shortage Area (HPSA) severity score, 2015–19

Rate of emergency surgery Risk for emergency surgeryPrimary care HPSA
severity scoresa Percent 95% CI Risk ratiob 95% CI p valueb

Very mild (1–5) 29.9 28.0, 31.8 Ref —
c

—
c

Mild (6–10) 32.1 31.7, 32.6 1.08 1.01, 1.15 0.03

Moderate (11–15) 34.2 33.9, 34.5 1.15 1.07, 1.22 <0.001

Severe (16–20) 35.3 35.0, 35.7 1.18 1.11, 1.26 <0.001

Very severe (21–25) 37.8 36.0, 39.5 1.26 1.17, 1.37 <0.001

SOURCE Authors’ analysis of data from the Medicare Provider Analysis and Review file, 2015–19, and Health Resources and Services
Administration (HRSA) HPSAs data, 2015–19. NOTES The 3 surgical conditions are listed in exhibit 1. Reference value is 1.00. aHPSA
severity score calculated by HRSA; a higher score corresponds to a greater degree of primary care physician shortage. HPSA severity
score criteria are in appendix exhibit A1 (see note 10 in text). bRisk ratios and p values compare each level of primary care shortage
severity to the “very mild” severity group. cNot applicable.

Exhibit 3

Surgical outcomes for 3 access-sensitive surgical conditions, by primary care Health Professional Shortage Area (HPSA)
severity score, risk-adjusted to account for patient and hospital characteristics, 2015–19

Risk-adjusted rate of
outcomeb Risk for outcome

Outcomes and primary care
HPSA severity scoresa Percent 95% CI

Adjusted
risk ratioc 95% CI p valuec

Mortality, 30-day
Very mild (1–5) 4.8 4.0, 5.7 Ref —

d
—

d

Mild (6–10) 5.0 4.8, 5.2 1.04 0.86, 1.25 0.70
Moderate (11–15) 5.2 5.0, 5.3 1.07 0.89, 1.29 0.44
Severe (16–20) 5.4 5.3, 5.6 1.12 0.94, 1.35 0.21
Very severe (21–25) 5.6 4.9, 6.4 1.17 0.93, 1.47 0.17

Serious complications
Very mild (1–5) 11.7 10.5, 12.9 Ref —

d
—

d

Mild (6–10) 13.2 12.9, 13.5 1.12 1.01, 1.25 0.02
Moderate (11–15) 13.6 13.4, 13.8 1.16 1.05, 1.28 0.004
Severe (16–20) 13.8 13.6, 14.0 1.17 1.06, 1.30 0.002
Very severe (21–25) 14.9 13.8, 16.0 1.27 1.12, 1.44 <0.001

Any complications
Very mild (1–5) 24.5 23.0, 26.1 Ref —

d
—

d

Mild (6–10) 25.6 25.3, 26.0 1.05 0.98, 1.12 0.18
Moderate (11–15) 25.7 25.5, 25.9 1.05 0.98, 1.12 0.16
Severe (16–20) 25.7 25.4, 26.0 1.05 0.98, 1.12 0.15
Very severe (21–25) 25.9 24.5, 27.2 1.05 0.97, 1.15 0.21

Readmission
Very mild (1–5) 13.5 12.0, 14.9 Ref —

d
—

d

Mild (6–10) 14.3 14.0, 14.7 1.06 0.95, 1.18 0.29
Moderate (11–15) 14.5 14.3, 14.7 1.08 0.97, 1.20 0.18
Severe (16–20) 14.7 14.5, 15.0 1.09 0.98, 1.22 0.11
Very severe (21–25) 15.7 14.3, 17.0 1.16 1.01, 1.33 0.03

SOURCE Authors’ analysis of data from the Medicare Provider Analysis and Review file, 2015–19, and Health Resources and Services
Administration (HRSA) HPSAs data, 2015–19. NOTES The 3 surgical conditions are listed in exhibit 1. Reference value is 1.00. aHPSA
risk score calculated by HRSA; a higher score corresponds to a greater degree of primary care physician shortage. HPSA severity score
criteria are in appendix exhibit A1 (see note 10 in text). bModel adjusted for sex, age, year of procedure, procedure type, comorbidities,
teaching status of hospital, and hospital nurse-to-patient ratio. cAdjusted risk ratios and p values compare each level of primary care
shortage severity to the “very mild” severity group. dNot applicable.
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distance to surgical care were accounted for (ap-
pendix exhibits A6 and A7).10 Second, when the
acuity of the operation coded as elective versus
emergency was accounted for in the model, ben-
eficiaries living in areas with the most severe
primary care shortages also had a higher rate
of serious complications (14.9 percent versus
12.2 percent; adjusted RR: 1.23; 95% CI: 1.08,
1.38; p ¼ 0:001) and similar thirty-day mortality
(5.7 percent versus 5.0 percent; adjusted RR:
1.14; 95% CI: 0.91, 1.43; p ¼ 0:25) (appendix
exhibit A8).10 Third, the findings were similar
after for race was accounted for in the model
(appendix exhibit A9).10 When we stratified by
race, the rate of emergency surgery was higher
for Black beneficiaries across all degrees of pri-
mary care shortage, relative to White beneficia-
ries (appendix exhibit A10).10 In both groups,
there was a trend toward increasing rates of
emergency surgery in areas with more severe
primary care shortages, although it did not reach
statistical significance in Black beneficiaries.
When surgeon density was accounted for in
themodel, the findingswere also similar (appen-
dix exhibit A11).10

To isolate the potential role of the primary care
physician, we used primary care physician den-
sity within each primary care HPSA as the expo-
sure variable. The rate of emergency surgery was
higher in primary care HPSAs with a lower den-
sity of primary care physicians compared with
primary care HPSAs with a higher density of
primary care physicians (35.1 percent versus
33.4 percent; adjusted RR: 1.05; 95% CI: 1.04,
1.07; p < 0:001) (appendix exhibit A12).10 Final-
ly, for beneficiaries living in areas that bordered
designated primary care shortage areas, the
trend also demonstrated increasing rates of

emergency surgery in areas neighboring areas
withmore severeprimary care shortages (appen-
dix exhibit A13).10 Furthermore, mortality rates
were lower for beneficiaries from non–primary
care shortage areas, relative to designated pri-
mary care HPSAs (appendix exhibit A14).10

Discussion
Our study evaluating care for access-sensitive
surgical conditions across primary care shortage
areas had two principal findings. First,Medicare
beneficiaries living in areaswith greater primary
care shortage severity had higher rates of emer-
gency surgery for access-sensitive surgical con-
ditions. Second, beneficiaries in primary care
shortage areas also experiencedworse outcomes
after surgery, including higher rates of serious
complications and readmissions. Collectively,
our findings suggest that efforts to improve pri-
mary care access in shortage areas may also im-
prove beneficiaries’ access to safer, elective sur-
gical care before their condition requires an
emergency procedure.
Priorwork evaluating access-sensitive surgical

conditions has attempted to increase under-
standing of how residents of different communi-
ties receive surgery for these conditions. Using
national Medicare claims data, Yuqi Zhang and
coauthors found that emergency surgery rates
for access-sensitive surgical conditions varied
fourfold across hospital service areas.4 A fol-
low-up study using county-level analysis found
that emergency surgery for these conditions was
associated with the Social Vulnerability Index, a
nationwide measure of resilience after an un-
foreseen emergency, such as a natural disaster.5

Our findings using census tract–level data fur-
ther extended prior work by identifying primary
care shortage areas as a possible upstream deter-
minant of patients’ receipt of timely surgical
care.
Understanding of the relationship between

physician shortages and overall worse health
outcomes continues to evolve across multiple
domains of health.3,17,18 For example, earlier stud-
ies focusedonHPSAs and the effect on long-term
disease management19–22 and, more recently, on
pediatric suicide rates.17 Our study extends this
work by also identifying worse outcomes for sur-
gical conditions in areas with insufficient prima-
ry care physicians. Although thismay be in part a
result of underlying health differences among
beneficiaries living within HPSAs, our results
suggest that upstream evaluation and referral
may also contribute.
Our findings have several important implica-

tions for improving health care delivery in pri-
mary care shortage areas. For policy makers de-

Improving resources in
primary care shortage
areas may lead to
better health
outcomes in the
Medicare population
across the continuum
of ambulatory and
inpatient services.
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bating the future of HPSA policies, our findings
underscore the value of primary care physicians
to a broad range of health conditions. Specifical-
ly, our findings suggest that better primary care
access may improve the likelihood that patients
with access-sensitive surgical conditions under-
go a lower-risk elective procedures versus a
higher-risk emergency procedure.
For health systems facing difficult decisions

about allocating resources across different ser-
vice lines, these findings suggest an important
overlap. Although surgical quality improvement
has traditionally focused on inpatient providers
and care, these findings underscore the oppor-
tunity to improve quality across the continuum
of inpatient and outpatient care. By focusing on
access-sensitive surgical conditions that are ini-
tially screened and identified in the primary care
setting and then treated in the inpatient setting,
health systems may have more opportunities to
explicitly collaborate across care settings.
Finally, for payers and insurers, our findings

suggest that access-sensitive surgical conditions

may be potential opportunities for condition-
based paymentmodels.23 Because improving pri-
mary care access for these conditions may lead
to a lower-cost elective procedure instead of a
higher-risk emergency procedure, these condi-
tions have potential costs savings.24,25 Thus, such
a payment model would align with the priorities
of policy makers who want to increase resources
toprimary care shortage areaswhiledemonstrat-
ing potential cost savings.

Conclusion
Overall, our findings suggest both that primary
careHPSAsmaymeaningfully identify areas that
are in need of better access to surgical care and
that addressing primary care access may have a
meaningful impact on access to surgical care.
Importantly, improving resources in primary
care shortage areas may lead to better health
outcomes in the Medicare population across
the continuum of ambulatory and inpatient
services. ▪
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