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Background: Changes in the location and availability of surgical

services change the distances that patients must travel for surgery.

Identifying health effects related to travel distance is therefore

crucial to evaluating policies that affect the geographic distribution

of these services. We examine the health outcomes of coronary

artery bypass graft (CABG) patients in Pennsylvania for evidence

that traveling further to a hospital for a one-time, scheduled surgical

procedure causes harm.

Methods: We perform instrumental-variable regressions to test for

the effect of distance to the admitting hospital on the in-hospital

mortality and readmission rates of 102,858 CABG patients in

Pennsylvania during 1995–2005, where the instrumental variables

are constructed based on the quality of and distance to nearby

CABG hospitals.

Results: We found that patients living near a CABG hospital with

acceptable quality traveled significantly less and if they were high-

risk, had lower in-hospital mortality rates. Readmission rates in

general are not affected by patients’ travel distance.

Discussion: The positive correlation between travel distance and

health outcomes observed by previous studies may reflect the

confounding effects of behavioral factors and patient health risks.

We found instead that living further from the admitting hospital

increases in-hospital mortality for high-risk CABG patients. More

research on the possible causes of these effects is necessary to

identify optimal policy responses.
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Changes in the location and availability of surgical
services change the distances that patients must travel

for surgery. For example, regionalizing surgical programs or
adopting volume-based referral practices so that patients go
to higher-volume centers for surgery would increase the
distances many travel.1–3 Conversely, removing regulatory
barriers limiting entry of new surgical programs would de-
crease travel distances if more providers enter the market.4

Identifying health effects related to travel distance is there-
fore crucial to evaluating policies that affect the geographic
distribution of surgical services, but the causal relationship
is difficult to identify because confounding factors such as
patients’ behavioral patterns and the quality of admitting
hospitals are likely correlated with both travel distance and
surgical outcomes. In this paper, we use a novel set of in-
strumental variables to determine whether travel distance
affects health outcomes of patients having scheduled coro-
nary artery bypass graft (CABG) surgery in Pennsylvania
during the period 1995–2005.

Travel distance may most obviously affect health
outcomes if it reduces utilization of preventive care or delays
care in emergency conditions.5,6 However, for one-time,
nonemergent surgical patients, greater distances may result
in worse health outcomes if they delay preoperative proce-
dures, impair preoperative education of patients and families,
reduce the amount of informal care provided by families, or
reduce the continuity of postoperative care. Prior literature
reveals that preoperative education and family support de-
crease patients’ emotional stress, reduce deterioration of
patients’ functional and psychological status during the
perioperative waiting period, and decrease postoperative
complications.7,8 The benefits of preoperative preparation
may be particularly important for high-risk patients: pre-
operative intensive inspiratory muscle training, for example,
can prevent postoperative pulmonary complications in high-
risk patients undergoing CABG surgery.9

However, identifying the causal relationship between
travel distance and health outcomes is difficult because un-
observed preferences and characteristics of patients may be
correlated with both travel distance and health outcomes. For
example, patients may travel further because they have a
stronger will to live that helps them achieve better outcomes,
or they do so to be treated at “centers of excellence” and thus
experience better outcomes.10–13 In contrast, patients trav-
eling further to seek better hospitals may be sicker and, thus,
experience worse outcomes.14 If, as we hypothesize, the
true effect of greater travel distance is to cause harm, then
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regressing outcomes on travel distance results in coefficients
that underestimate the true effect in the former case, biasing
estimates toward zero, and overestimate the true effect in
the latter case, biasing estimates away from zero. Identi-
fication is further complicated because travel distance is
often measured with error, which will bias estimates toward
zero.

We address these identification problems using a novel
instrumental-variable approach that controls for potentially
confounding factors and for measurement errors.15 Our in-
strumental variables are based on the availability and quality
of hospitals near a patient’s home because of evidence
showing that hospital patients strongly prefer to minimize
their travel distance but also care about quality.16–18 As pa-
tients value both hospital quality and less travel, the distance
that patients actually travel will be correlated with the quality
of nearby hospitals, but the quality of nearby hospitals will
have no direct effect on patients’ outcomes at their admitting
hospitals.

We measure the quality of hospitals using report card
grades for CABG surgery providers that have been published
by Pennsylvania since the early 1990s. Although measures
based on the distance to the closest hospital have been used
as exogenous variables in a variety of studies,19–23 this is,
to the best of our knowledge, the first use of both the
availability and the report card grades of nearby hospitals to
create instrumental variables.

METHODS

Data and Sample
Patient data are from the PHC4 inpatient database,

which includes patient sex, age, race, insurance type, diag-
nostic codes, and residential zip code, whether the procedure
was scheduled, whether the patient died in the hospital, and
an identification number and zip code for the admitting
hospital. Each record also contains a patient identifier that
allows us to link patient records from quarter to quarter. Our
sample is drawn from the set of patients undergoing isolated
CABG surgery (CABG surgery with no other major heart
surgery during the same admission) in Pennsylvania hospi-
tals during the period 1995–2005. (Our sample ends in 2005
because we only had data through 2006 and needed the last
12 mo to measure one of our outcomes variables.) Distance
from a patient’s home to a hospital is the straight-line dis-
tance from the centroid of a patient’s residential zip code to
the hospital’s location as computed by the Geographic
Information System. Hospital longitudes and latitudes are
from the American Hospital Association Annual Survey of
Hospitals.

We eliminated rural patients because almost all the
CABG hospitals are located in more densely populated areas;
therefore, the distance/quality trade-offs faced by rural pa-
tients may be quite different. We further eliminated patients
admitted from the emergency room, so as to focus on the
health impacts of travel in nonemergency situations. After
eliminating observations missing data for any variable, our
sample comprised 102,858 patients.

Outcome Equation
Our main specification is:

P Outcomeijkt

� �
¼ aþb1�Travel Distanceijktþb2�Pijktþ

b3�AHktþHkþYtþEijkt

ð1Þ

where i is an individual patient residing in zip code j and
undergoing s at admitting hospital k in year t, Pijkt and AHkt

are vectors of patient and admitting-hospital characteristics,
Hk and Yt are fixed effects for admitting hospital (67 dum-
mies) and year (10 dummies), and Eijkt is the error term.

We estimate the effect of travel distance on 2 different
health outcomes, in-hospital mortality and readmission. For
mortality, Outcomeijkt is a dummy variable that equals one if
the patient died in the hospital, and 0 if not. For readmission,
Outcomeijkt is a dummy variable that equals 1 if the patient
was readmitted to any hospital during the 12 months fol-
lowing the quarter of their CABG surgery with a diagnosis of
ischemic heart disease, congestive heart failure, or post-
surgery infection. These conditions capture the most com-
mon causes of readmission following CABG surgeries.24

Instrumental Variables Estimation
Travel Distanceijkt, the distance between the patient’s

zip code and the admitting hospital, is our proxy for the
actual cost of travel in driving distance and time.25 We in-
strument for this variable to control for confounding effects
using information about the quality and location of a pa-
tient’s nearby, as opposed to admitting, hospital. The first
stage of the IV estimation is specified as:

Travel Distanceijkt¼ aþb1�IVjtþb2�Pijkt

þb3�AHktþHkþYtþeijkt;
ð2Þ

where IVjt represents the instrumental variables, and
the other variables are as defined in Eq. (1). The instrumental
variables are based on the quality of CABG hospitals
available near a patient’s home, where CABG hospital
quality is measured using the grades from Pennsylvania’s
Guide to Coronary Artery Bypass Graft Surgery, published
by the Pennsylvania Health Care Cost Containment Council
(PHC4).26 Although these reports are available to patients,
we do not assume that patients select hospitals based on the
reported grades. Rather, we use these grades as proxies for
patients’ perceptions of hospital quality, which may be
formed by their own experience, recommendations of their
referring cardiologist, or word-of-mouth.27

In a report, a hospital receives a grade of “Same as
expected” if its actual in-hospital mortality rate falls within a
95% confidence interval (CI) around its predicted mortality
rate (a grade referred to in this paper as “as expected”).
Hospitals with mortality rates that fall outside of a 95% CI
around their predicted rate receive a “Lower than expected”
grade, if their mortality rate falls below their 95% CI (a
grade referred to here as “superior”), or a “Higher than ex-
pected” grade if it falls above (a grade referred to here as
“poor”). Mortality rates are risk-adjusted, and hospitals must
perform at least 30 isolated CABG procedures on adults in a
year to receive a grade.

The report cards have been published at irregular in-
tervals since the first was issued in 1992. The second column
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of Table 1 identifies the date of the most recent report card
for each year in our sample (by quarter when there was >1
grade for the year), with the year in which the data for the
report card were collected in parentheses. The next 3 col-
umns of Table 1 show the number of hospitals with each type
of grade each year, where the grade is the one most recently
reported.

Some CABG operations occurred at hospitals that were
not graded because <30 surgeries were performed at a hos-
pital when the report card information was being collected or
because the hospital started a CABG program after data for
the report card were collected. The number of such facilities
increased after December 1996, when Pennsylvania ended
the Certificate of Need program that had restricted entry
of CABG programs. As the new programs grew to the
“gradable” threshold, the number of ungraded CABG pro-
viders fell, most sharply in 2002, the first year that report
cards based on data collected after the CON regulations
ended were issued (see columns 6 and 7 of Table 1).

We assign each hospital its most recent CABG report
card grade in each period to measure its quality and add
information about hospital locations to create 4 instruments.
The first 2 IVs are categorical, measuring location by in-
dicating whether or not at least one hospital of acceptable
quality is located within a 10-mile radius of the patient, 10
miles being the median travel distance of our sample. IV1
equals one if there is a graded CABG hospital nearby. IV2
includes IV1 plus its interaction with a dummy variable that
equals one if the nearby hospital’s grade was average or
superior. We expect the estimated coefficients to be negative
because a patient likely travels less if a CABG hospital of
acceptable quality is nearby.

These IVs identify patients who have a nearby hospital
of acceptable quality with which they are likely to be familiar
and more comfortable. However, our 10-mile radius is essen-
tially arbitrary, so we also use a second set of IVs that measure
location as the distance from the patient to the closest CABG
hospital of acceptable quality. IV3 is the distance to the closest
graded hospital. IV4 includes both the distance to the closest
graded hospital and the distance to the closest hospital with an
as-expected or superior grade. We expect the estimated co-
efficients to be positive because research suggests that patients
strongly prefer their closest hospital but are willing to travel
further for better quality.16–18

The equations were estimated using probit or IV probit
(Stata, Version 12; StataCorp. College Station, TX). We
assess the endogeneity of travel distance using a Durbin-
Wu-Hausman test, under the null hypothesis that travel dis-
tance is exogenous.

Control Variables
Pijkt in Eqs. (1) and (2) represents a set of patient

characteristics that may affect the patient’s health outcome,
including dummy variables for patient gender (equals one if
male), race (equals one if white), and age category, and
whether the patient is covered by Medicare. (Virtually, all
other patients are privately insured, with a few uninsured or
covered by Medicaid.) We control for differences in patients’
illness severity using their Elixhauser comorbidities,28 T

A
B

L
E

1
.

P
e
n

n
sy

lv
a
n

ia
C

A
B
G

R
e
p

o
rt

C
a
rd

s
a
n

d
H

o
sp

it
a
ls

,
1
9
9
5
–
2
0
0
5

M
o
st

R
ec
en
t
R
ep
o
rt

C
a
rd

N
o
.
H
o
sp
it
a
ls
W
it
h
G
ra
d
es

T
h
a
t
W
er
e

N
o
.
H
o
sp
it
a
ls
T
h
a
t
W
er
e

Y
ea
r

M
o
st

R
ec
en
t
R
ep
o
rt

(Y
ea
rs

o
f
D
a
ta

C
o
ll
ec
ti
o
n
)*

P
o
o
r

A
ve
ra
g
e

S
u
p
er
io
r

G
ra
d
ed

N
o
t
G
ra
d
ed

N
o
.
C
A
B
G

P
a
ti
en
ts
w

1
9

9
5

1
st

Q
tr

:
1

9
9

4
(1

9
9

2
);

2
n

d
–
4

th
Q

tr
:

1
9

9
5

(1
9

9
3
)

5
2

9
3

3
7

5
1

1
,0

0
7

1
9

9
6

1
9

9
5

(1
9

9
3
)

5
2

9
3

3
7

5
1

1
,6

1
1

1
9

9
7

1
9

9
5

(1
9

9
3
)

5
2

9
3

3
7

8
1

1
,4

6
6

1
9

9
8

1
st

Q
tr

:
1

9
9

5
(1

9
9

3
);

2
n

d
–
4

th
Q

tr
:

1
9

9
8

(1
9

9
4
–

1
9

9
5

)
4

3
3

3
4

0
1

1
1

0
,8

8
8

1
9

9
9

1
9

9
8

(1
9

9
4
–

1
9

9
5

)
4

3
3

3
4

0
1

3
1

0
,4

6
8

2
0

0
0

1
9

9
8

(1
9

9
4
–

1
9

9
5

)
3

3
2

3
3

8
1

5
9

8
7

5
2

0
0

1
1

9
9

8
(1

9
9

4
–

1
9

9
5

)
3

3
2

3
3

8
1

9
9

1
8

5
2

0
0

2
1

st
Q

tr
:

1
9

9
8

(1
9

9
4
–

1
9

9
5

);
2

n
d

–
4

th
Q

tr
:

2
0

0
2

(2
0

0
0

)
4

4
5

3
5

2
8

8
4

2
2

2
0

0
3

2
0

0
2

(2
0

0
0
)

4
4

5
3

5
2

9
7

5
3

3
2

0
0

4
2

0
0

4
(2

0
0

2
)

7
4

9
2

5
8

2
6

7
0

8
2

0
0

5
2

0
0

5
(2

0
0

3
)

3
5

5
1

5
9

1
5

9
7

5

*
T

h
e

re
p
o
rt

ca
rd

re
le

as
ed

in
th

e
se

co
n
d

q
u
ar

te
r

o
f

1
9
9
8

re
fl

ec
ts

d
at

a
fr

o
m

1
9
9
4

to
1
9
9
5
.

O
th

er
re

p
o
rt

ca
rd

s
ar

e
b
as

ed
o
n

d
at

a
fr

o
m

a
si

n
g
le

y
ea

r.
w P

at
ie

n
ts

li
v
e

in
n
o
n
ru

ra
l

ar
ea

s
an

d
u
n
d
er

w
en

t
sc

h
ed

u
le

d
C

A
B

G
p
ro

ce
d
u
re

s.

Chou et al Medical Care � Volume 52, Number 3, March 2014

252 | www.lww-medicalcare.com r 2013 Lippincott Williams & Wilkins



identified from patients’ ICD-9 diagnosis codes at the time
they were admitted for surgery. We include separate dummy
variables for the top 10 comorbidities and summarize all
other comorbidities into a single dummy variable that equals
one if the patient had at least one of these conditions. We
also include dummies to indicate whether 1, 2, 3, or 4 or
more vessels were revascularized, and whether the surgery
involved a cardiopulmonary bypass. Although we exclude
patients admitted from the emergency room from our sample
so as to focus on scheduled surgeries, we include 2 dummies
to indicate whether those scheduled surgeries were emergent
or urgent. Finally, we control for the season of the patient’s
surgery (3 dummies) and for the region of their residence
(8 dummies).

AHkt in equations (1) and (2) represents a set of ad-
mitting-hospital characteristics that may affect the patient’s
health outcome. These variables are: dummies indicating
whether, in the most recent report card, the hospital is

graded, the grade is as-expected or the grade is superior, the
number of CABG surgeries performed at the hospital in the
preceding year, the number of CABG surgeries performed by
the operating surgeon in the preceding year, and the hospital
size category.

RESULTS
Descriptive statistics are shown in Table 2 for the

whole sample and by whether a patient lived near a graded
hospital. Travel distance was shorter for patients living near
a graded hospital, but the mean patient characteristics show
no systematic differences, lending support to our assumption
that the grade of the nearby hospital is randomly assigned
among patients of different age and severity of illness.

The first-stage estimation results are reported in
Table 3, with SEs clustered by admitting hospital. Means and
SDs for each IV are reported in column (1). Travel distance
has been rescaled from miles to hundreds of miles to make

TABLE 2. Descriptive Statistics by Hospital Quality and Location, and for Sample*

(1) (2) (3)

Whole Sample No Graded Hospital Nearby Graded Hospital Nearby

Death 0.020 0.022 0.019
One-year readmissionw 0.263 0.263 0.262
Distance to admitting hospital

(in hundreds of miles)
0.149 (0.160) 0.233 (0.159) 0.088 (0.131)

Patient characteristicsz

Male 0.709 0.708 0.710
White 0.874 0.873 0.874
Medicare 0.531 0.515 0.542
Age, 50–59 y 0.192 0.200 0.187
Age, 60–69 y 0.317 0.321 0.314
Age, 70–79 y 0.342 0.328 0.353
Age, Z80 y 0.079 0.074 0.082
Hypertension, uncomplicated 0.516 0.511 0.519
Chronic pulmonary disease 0.134 0.136 0.132
Peripheral vascular disorders 0.096 0.090 0.100
Obesity 0.076 0.076 0.076
Fluid and electrolyte disorders 0.073 0.072 0.073
Hypothyroidism 0.056 0.053 0.057
Diabetes, complicated 0.038 0.038 0.038
Diabetes, uncomplicated 0.224 0.228 0.222
Coagulopathy 0.034 0.035 0.034
Deficiency anemia 0.055 0.053 0.056
Other comorbiditiesy 0.025 0.023 0.026
1 vessel revascularized 0.140 0.142 0.138
2 vessel revascularized 0.329 0.339 0.322
3 vessels revascularized 0.314 0.310 0.317
4+ vessels revascularized 0.163 0.152 0.171
Cardiopulmonary bypass 0.774 0.784 0.767
Emergency 0.221 0.234 0.212
Urgent 0.280 0.316 0.254

Admitting-hospital characteristics
Graded 0.925 0.896 0.947
Grades are average 0.776 0.726 0.813
Grades are superior 0.102 0.127 0.083
Lagged surgeon volume 138.806 (57.895) 137.983 (57.705) 139.409 (58.028)
Lagged hospital volume 528.382 (276.14) 538.904 (276.284) 520.669 (275.782)
Bed size between 200 and 400 0.303 0.275 0.323
Bed size above 400 0.638 0.659 0.623

*SDs for continuous variables are reported in parentheses.
wSample sizes for readmission are smaller. They are 10,000 whole sample, 42,606 no graded hospital nearby, and 58,305 graded hospital nearby.
zPatient characteristics also include 3 seasonal dummies and 8 regional dummies that are not shown in this table.
yThis dummy variable equals 1 if the patient has Z1 of the remaining Elixhauser comorbidities.
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the coefficients easier to read. As expected, the coefficients
for IV1 and IV2 are negative, for IV3 and IV4 are positive,
and all are significant. The F statistics on the joint sig-
nificance of all 4 IVs are >10, evidence against the possi-
bility that the IVs are only weakly correlated with travel
distance to the admitting hospital.29

Table 4 shows our main results. Estimates of the
marginal effect of travel distance on in-hospital mortality
and readmission using Probit are reported in columns 1 and
6; the other columns show the estimated relationships using
IV Probit. The estimates in columns 1–5 suggest that patients
traveling further for surgery were more likely to die in the
hospital. The effect of travel distance on mortality is con-
siderably larger when IV estimation is used (columns 2–5),
suggesting that Probit estimates are downward biased be-
cause of measurement error or because of the confounding
effects from patients with stronger wills to live traveling
further or traveling further to a center of excellence. The
estimates in columns 6–10 suggest that the correlation
between travel distance and the readmission rate is not
statistically significant.

Validity of Instrumental Variables
Our results for in-hospital mortality in particular hinge

on the quality of our instrumental variables. For example, for
the instrumental-variable “Lives near graded hospital” to be
valid, it must be correlated with travel distance (as is dem-
onstrated in Table 3) but not correlated with health out-
comes. Although we cannot directly test this latter
assumption, there is evidence to support its validity. First,
health indicators such as age and the prevalence of co-
morbidities are similar between those patients who live near
a graded CABG hospital and those who do not (Table 2),
suggesting that there is no obvious selection based on health
conditions that would explain the different mortality rates.

Second, if the assumption is true, we can calculate a
simple Wald estimate of the effect of travel distance on
health outcomes by dividing the decrease in the mortality
rate due to being near a graded hospital (the difference be-

tween columns 2 and 3 in Table 2, or 0.3 percentage points)
and by the decrease in travel distance due to being near a
graded hospital (the difference between columns 2 and 3,
translated to hundreds of miles, or 0.145).30 The Wald esti-
mate (�0.3/�0.145) indicates that every additional 100
miles of travel is associated with a 0.021 increase in the
mortality rate, which is very close to the estimates reported
for IV1 and IV2 on Table 4 and suggests that living near a
graded hospital is not correlated with observable differences
in mortality rates.

Third, if our IVs do capture crucial elements con-
cerning a patient’s hospital choice, so that living near a
graded hospital leads to shorter travel distances to the
admitting hospital, then we would expect to see a larger
effect if the hospital has an average or superior grade. Col-
umns 3 and 5 of Table 3 show results consistent with this
expectation.

Fourth, including the IVs in the main specification
does not change our results, and the IV coefficients are in-
significant. Finally, we reestimated the specification as a
linear probability model so we could test the relevance of the
IVs after the first-stage estimations using a Kleibergen-Paap
rank LM test, under the null hypothesis that the instruments
are jointly uncorrelated with travel distance,31,32 and the
validity of the IVs using the Hansen’s J test, under the null
hypothesis that the instruments are jointly exogenous.31,33

Test results indicated that the IVs are strong and that there is
no overidentification problem when using IV2 or IV4.

Patient Severity
We investigate whether traveling further was more

harmful for sicker patients by reestimating our equations on
subsamples of low-severity (Elixhauser index <2) and high-
severity (Elixhauser index Z2) patients. (First-stage results
were similar to those on Table 3.) The results in columns 2–5
of Table 5 indicate that travel distance did not affect the
mortality of relatively healthy patients, once the effects of
endogeneity are controlled. However, for high-severity pa-
tients, mortality rates were 2 to 5 times higher among those

TABLE 3. First-stage Results on the Effects of Hospital Grades on Patient Travel Distancew

(1) (2) (3) (4) (5)

Mean (SD) IV1 IV2 IV3 IV4

Live near graded hospital 0.577 (0.494) �0.127*** (0.008) �0.043* (0.023)
Live near hospital with average or

superior grade
0.550 (0.498) �0.088*** (0.022)

Distance to the closest graded hospitalz 0.109 (0.093) 0.936*** (0.059) 0.329** (0.162)
Distance to the closest hospital with

average or superior gradez
0.115 (0.096) 0.613*** (0.137)

F statistics on joint significance of
instrumental variables

259.5 147.6 253.4 182.2

Sample size 102,858 102,858 102,858 102,858 102,858

wThe first-stage estimates an OLS model of patient’s actual travel distance. The equation includes patient and admitting-hospital characteristics and admitting hospital and year
fixed effects. Values of the dependent variable “Travel distance” are divided by 100. Robust SEs, clustered by admitting hospital, are reported in brackets.

zValues of distance to the closest graded hospital and to the closest hospital with average or superior grade are divided by 100.
*Significant at the 10% level.
**Significant at the 5% level.
***Significant at the 1% level.
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who traveled further. Moreover, the Durbin-Wu-Hausman
test rejects the hypothesis that travel distance is exogenous
for these patients, suggesting that Probit estimation under-
estimates the true effect of travel distance on severely ill
patients because of better outcomes among those who travel
further to centers of excellence or who have stronger wills
to live.

Columns 6–10 of Table 5 again show that travel dis-
tance has little effect on readmission. Although results from
IV1 indicate that low-severity patients might be experiencing
higher readmission rates, the estimated effect is marginally
significant, and travel distance is not significant in the other
specifications.

DISCUSSION
We use IVs based on the quality of nearby hospitals to

investigate whether traveling further to a hospital for a one-
time, scheduled, surgical procedure harms patients. The re-
sults of the first-stage estimations imply that the local
availability of better quality hospitals was associated with
less travel for patients. Estimation of our main specification
suggests that in-hospital mortality rates are higher for more
severely ill patients who travel further to their admitting
hospital. Readmission rates did not appear to be strongly
related to travel distance.

The number of CABG surgery centers increased during
our sample period because in December 1996, Pennsylvania
repealed its Certificate of Need law, which, until then, had
restricted the entry of new CABG programs. Consequently,
the average distance traveled by severely ill patients in our
sample fell by 2.66 miles during our sample period. Multi-
plying this reduction by the estimated coefficients in Table 5
(0.00022 and 0.0005 when rescaled to represent deaths per
additional mile traveled), we concluded that mortality rates
fell by 0.0005852 to 0.00133 because of shorter travel dis-
tances, a reduction of 4.5%–10.23% (based on a mean
mortality of 0.013 for severely ill patients over the sample
period).

Our results are in line with those of a very different
study that compared predicted to actual outcomes for pa-
tients undergoing a number of different types of elective
surgeries at the Mayo Clinic, which relied on risk-adjusting
to control for confounding effects and which came to the
unexpected conclusion that patients who lived closer to the
hospital did better than predicted.14 Such findings contribute
to the debate as to the desirability of steering patients to
high-volume providers for specialized surgery.1,3 The mor-
tality effects we found are small but provide evidence that
travel distance may negatively affect health outcomes even
for the type of complex surgery most likely to benefit from
greater regionalization. However, given the potential gains
from increased surgical volume and the cost of new pro-
grams,4,34–36 the appropriate policy goal may be to try to
improve the quality of care at existing locations rather than
increasing the number of providers.37

Our analysis has limitations. Although our results about
the effects of travel may generalize to other types of scheduled
surgery, the specific findings apply to CABG patients in

Pennsylvania. Further, our readmission data are confined to
readmission in the quarter following surgery and may be
missing important readmissions occurring sooner after a pa-
tient’s operation occurs. This may partly explain why we did
not find a precise effect on readmission. We also lack data on
whether a patient dies once they have left the hospital, so we
are unable to discern the effects of travel on other important
patient outcomes such as 7-day or 30-day mortality.

Finally, although our analysis suggests that longer
travel distance harms patients, we do not identify the specific
causes of harm. Various mechanisms such as psychological
stress, lack of family support, and difficulties in coordinating
care may explain why outcomes are worse for patients who
travel further, but each mechanism calls for a different re-
sponse, such as providing preoperative care and education at
more locations, or supplementing the informal care provided
by families by encouraging the use of hospitalists, in-
tensivists, and/or information technology. More research on
why travel distance affects health outcomes is necessary
before the appropriate policy responses can be determined.
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