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OBJECTIVES: To examine regional variation in health care
utilization and outcomes during acute and chronic care of
veterans following acute myocardial infarction (AMI),
identifying potentially modifiable variables and processes of
care that influence patient outcomes.

METHODS: Using national VA databases, we identified all
veterans hospitalized at any VA Medical Center (VAMC) for
AMI between October 1990 and September 1997. Demographic,
inpatient, outpatient, mortality, and readmission data were
extracted for 4 regions: Northeast, South, Midwest and West.
Multivariable Cox proportional hazards regression models,
controlled for comorbidity, were used to assess predictors of
time to death and readmission.

RESULTS: We identified 67,889 patients with AMI. Patient
demographic characteristics by region were similar. Patients
in the Northeast had more comorbid conditions and longer
lengths of stay during the index AMI hospitalization. Region of
the country independently predicted time to death, with lower
risk of death in the Northeast (hazard ratio [HR] = 0.875; 95%
confidence interval [95% CI], 0.834 to 0.918; P < .0001) and
West (HR = 0.856; 95%CI, 0.818 to 0.895; P=.0001) than in the
South. Patients in the Northeast and West also had more
cardiology or primary care follow-up within 60 days and at
1 year post-discharge than patients in the South and Midwest.
Outpatient follow-up accounted for a significant portion of the
variation in all-cause mortality.

CONCLUSION: Substantial geographic variation exists in
subsequent clinical care and outcomes among veterans
hospitalized in VAMCs for AMIs. Outpatient follow-up was
highly variable and associated with decreased mortality.
Further studies are needed to explore the causes of regional
variation in processes of care and to determine the most
effective strategies for improving outcomes after AMI.
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he American Heart Association estimates that 1.1 mil-

lion Americans suffer from acute myocardial infarction
(AMI) each year, accounting for more than 2 million
hospital admissions annually.! About one third of these
patients die within 1 year of their AMI, making it the
leading cause of mortality and morbidity in the United
States.?® The cost of cardiovascular disease annually
exceeds $250 billion, and most is associated with AMI.'*

Veterans are at increased risk for AMI, given their
higher prevalence of multiple coronary risk factors. Studies
conducted in the VA suggest that age, race, comorbid
illnesses, availability of cardiac surgical services, and type
of health insurance all play a role in determining interven-
tions and outcomes during hospitalization for AMI.5°
However, few data are available on the regional variation in
health care utilization and outcomes following discharge
after AMI in VA Medical Centers (VAMCs), which comprise
the largest health care system in the United States. We
capitalized on the VA’'s extensive data system'' to: (1)
examine regional variation in mortality and health care
utilization (both inpatient and outpatient) among veterans
admitted to a VAMC for their index AMI and (2) determine
predictors of subsequent mortality, readmission and
health care utilization. These analyses may identify pro-
cesses that could be improved to reduce morbid outcomes
following AMI.

METHODS
Patient Study Cohort

We identified all veterans discharged from any VAMC
with AMI (defined as having the International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM] code 410 listed as the first discharge diagnosis)
between October 1990 and September 1997. This strategy
has at least 90% positive predictive value for identifying
cases of AMI.'? We restricted our time frame to these years
because major changes in AMI management such as the
use of thrombolytics and acute coronary intervention
teams occurred after October 1, 1990. For veterans with
more than 1 admission with an eligible ICD-9-CM code
during the study period, the first admission was considered
the index admission. When patients were discharged and
readmitted the same day, we assumed that this repre-
sented a transfer (a relatively common practice in the VA)
and considered these events as part of a single hospitaliza-
tion. Our eligibility criteria were similar to those utilized in
a previously published study.'® We excluded patients
whose length of stay during the index admission exceeded
one year. These patients are typically in either VA long-term
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care or mental health units, and thus would have different
post-myocardial infarction utilization. All patients were
followed up for at least 1 year.

Data Sources, Patient Characteristics, and
Outcome Measures

We extracted data from the centralized VA admin-
istrative data center in Austin, Texas. Once the patient
cohort was assembled, we extracted data from the patient
treatment file (PTF) regarding VA inpatient utilization
throughout the index hospitalization. There is high
agreement between PTF data and data extracted from
patients’ paper medical charts.'* We extracted the follow-
ing variables as potentially predictive of regional variation
in care and outcomes of myocardial infarction: patient age
at the time of the index hospitalization, race (white,
African American, other), comorbid conditions, discharge
destination, year of index admission, and geographic
region of the primary admitting hospital. Each hospital-
ization record in the PTF contains up to 10 discharge
diagnosis codes. We used the discharge diagnoses codes
2 through 10 from the index admission to identify cardiac
risk factors and to construct the Charlson Index, a well-
validated comorbidity index that is predictive of sub-
sequent mortality.'®'® Neither severity of the patient’s
AMI nor medications were available in the PTF. Regions of
the country (Northeast, South, Midwest, West) were based
on the 22 geographical locations of the hospital.!” We
excluded VAMCs outside of the continental United States.
All readmissions and readmission due to cardiac causes
(AMI, angina, and congestive heart failure) to any VAMC
were assessed at 60 days and 1 year following discharge
from the index hospitalization.

For outpatient services, we extracted utilization data
from the VA’s outpatient clinic file, identifying visits to VA
primary care medicine clinics, cardiology clinics, emer-
gency units, and cardiac surgery clinics. No information
was available for outpatient or inpatient utilization outside
of the VA system (for which the VA is not financially
responsible). We also extracted data concerning diagnostic
tests and procedures, starting with the date of discharge
and ending September 30, 1997. We identified the
utilization of 4 major cardiac procedures if they occurred
during or after the index admission for AMI: cardiac
catheterization, coronary artery bypass grafting (CABG),
percutaneous transluminal coronary angioplasty (PTCA),
and other cardiac procedures and surgeries (pacemaker,
implantable defibrillators, etc). Cardiac stenting was not
identified as a separate procedure but was included under
PTCA.

We used the Beneficiary Information and Resource
Locator (BIRLS)'®!? to determine whether a date of death
existed. BIRLS contains the date of death but not the cause
of death. Hence, we assessed all-cause mortality and were
unable to perform subanalyses for deaths due to cardio-
vascular causes.

Statistical Analysis

We compared patients’ demographic and clinical
characteristics between the 4 geographic regions using
analysis of variance for continuous variables and x? tests
for categorical variables. For analyses of outpatient utiliza-
tion, we assessed whether primary care and/or cardiology
outpatient follow-up occurred between discharge from the
index AMI hospitalization and 60 days and 1 year later.
Similarly, for cardiac procedures, we examined whether
any cardiac procedures were performed during the index
AMI hospitalization, within 60 days of discharge, and
1 year after discharge.

We employed multivariable logistic regression models
to examine the effects of baseline and clinical character-
istics on mortality within 60 days of the index admission.
Predictors examined were: age, gender, race (white versus
all others), comorbid diagnoses, number of discharge
diagnoses, Charlson Index, cardiac procedures performed
at the index admission, and geographic region (with South
as the reference region).

We used Cox proportional hazards models to analyze
time to death and time to readmission (all-cause and for
cardiovascular problems). For these analyses, outpatient
utilization and cardiac procedures performed within 60
days of the index hospitalization could be considered part
of the index hospitalization. To avoid those biases, these
analyses excluded deaths and hospitalizations that
occurred within 60 days after the index hospitalization.
Time to death was therefore analyzed only for those
patients who survived more than 60 days. Similarly, we
assessed hospital readmissions by excluding all hospital-
izations that occurred within 60 days after discharge from
the index hospitalization.

RESULTS
Baseline Characteristics

We identified 67,889 patients who were hospitalized
in VAMCs for AMI between 1990 and 1997. Baseline
demographic and clinical characteristics are represented
in Table 1. As shown in Table 1, patients in this cohort
were predominantly white (83.8%) and male (98.6%) with
a mean age of 65 years. At discharge from the index
hospitalization, the cohort had a mean of 5.6 discharge
diagnoses. Ten percent of patients did not survive the
index hospitalization while nearly 70% were discharged
home. Diabetes and atrial fibrillation were more prevalent
among patients in the Northeast while hyperlipidemia was
more prevalent in the Midwest and West. Length of stay
for AMI was longest in the Northeast and shortest in the
West. Charlson Index scores were highest in the Northeast
and lowest in the South. All-cause mortality during the
index hospitalization was higher in the Northeast
and South and lowest in the West. The percentage of
patients receiving procedural interventions (CABG and
PTCA) at the index admission was significantly different
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Table 1. Baseline Demographic and Clinical Characteristics*
Region
NE S Mw w Total
Number of patients 9,305 30,303 15,631 12,650 67,889
Region of country, % 13.7 44.6 23.0 18.6
Mean age, +SD 66.8+10.6 64.5+109 65.0+108 64.8+x11 65.0=+10.9
Gender, % male 98.5 98.7 98.8 98.2 98.6
Ethnicity, % white 85.0 81.5 86.4 85.5 83.8
Comorbid conditions, %
Hypertension 46.1 45.5 45.1 40.5 44.6
Diabetes 30.3 24.2 27.9 25.6 26.2
Congestive heart failure 24.9 20.2 22.2 22.5 21.7
Hyperlipidemia 13.1 13.3 16.0 16.6 14.5
Atrial fibrillation 10.5 8.3 8.8 9.8 9.0
COPD 19.4 18.8 21.4 18.3 19.4
Stroke! 1.1 1.1 1.1 1.0 1.1
Mean number of discharge diagnoses at 59+2.6 55%2.5 5.7+2.6 5.6 2.5 5.6 +2.6
index hospitalization, +SD
Median length of index admission, days, mean +SD 13.8+186 11.5+13.0 11.0+x13.2 99107 11.4+13.6
Charlson Index, % 2.6+1.8 2.3=+1.7 2.4 +1.7 2417 2.4+1.7
0 0.0 0.0 0.0 0.0 0.0
1 30.0 37.1 33.6 36.6 35.2
2 30.3 30.0 30.3 29.7 30.1
>2 39.7 32.9 36.2 33.7 34.7
Disposition at discharge from the index hospitalization, %
Discharged home 65.7 72.0 66.0 71.2 69.6
Transfer to another hospital 16.5 12.1 18.3 13.8 14.5
Died 10.7 10.9 9.7 9.0 10.3
Nursing home 3.4 2.3 3.5 3.2 2.9
Other 3.6 2.7 2.4 2.7 2.7
Patients with procedures at index admission (%)
Catheterization' 25.9 27.0 26.7 26.4 26.7
CABG 11.4 10.8 10.5 12.8 11.2
PTCA 8.3 9.1 9.3 8.4 8.9
CABG or PTCA 18.3 18.7 18.3 19.8 18.7

*P =.001 for comparisons between regions except where indicated.
'P > .05 for comparisons between regions.

NE, Northeast; S, South; MW, Midwest; W, West; COPD, chronic obstructive pulmonary disease; CABG, coronary artery bypass grafting; PTCA,

percutaneous transluminal coronary angioplasty.

among the 4 regions, with more CABG performed in the
West. More patients in the Northeast and Midwest were
discharged to nursing homes. Importantly, fewer than 5%
of the patients changed regions following their index
hospitalization.

Health Care Utilization

Inpatient and outpatient utilization for patients sur-
viving the index admission is presented in Table 2. About
77% of the AMI patients in this cohort either died or had at
least 1 readmission to a VAMC in the year following
discharge from the index hospitalization. The proportion
of patients undergoing cardiac procedures (mainly CABG)
within 60 days and by 1 year following discharge from their
index AMI hospitalization differed across regions. Patients
in the Northeast and West received more post-discharge
outpatient follow-up at a VAMC within 60 days and within
1 year following their index hospitalization compared to
other regions. Outpatient follow-up was lowest at both 60

days and 1 year among patients in the South and Midwest:
two thirds of patients in the South and the Midwest did not
have any follow-up at a VAMC within 60 days following a
discharge from the index hospitalization for AMI.

Predictors of Mortality

Independent multivariable predictors of 60-day mor-
tality are shown in Table 3. Higher age, white race,
congestive heart failure, stroke, number of discharge
diagnoses, Charlson Index >2, absence of hypertension
and hyperlipidemia diagnoses, absence of cardiac catheter-
ization, and CABG or PTCA at index admission were all
associated with increased risk of death. Geographic region
was not a significant predictor of 60-day mortality adjusted
for the other factors.

Predictors of time to death within the first year for
patients alive 60 days after the index admission are shown
in Table 4. Higher age, male gender, diabetes, congestive
heart failure (CHF), atrial fibrillation, chronic obstructive
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Table 2. Inpatient and Outpatient Utilization After Index Admission*

Region
NE S MwW w Total
Patients surviving index admission 7,968 26,184 13,742 11,167 59,061
Outpatient utilization
Patients with clinic visit within 60 days, %
Cardiology and/or General Medicine 38.4 33.1 32.6 45.7 36.1
Both 6.8 4.4 4.5 8.0 5.4
Cardiology 13.5 12.0 11.0 13.5 12.2
General Medicine 18.2 16.7 17.2 24.2 18.4
Neither 61.6 66.9 67.4 54.3 63.9
Patients with clinic visit within 365 days, %
Cardiology and/or General Medicine 67.4 62.5 62.4 72.8 65.1
Both 27.3 21.7 20.4 28.9 23.5
Cardiology 14.9 16.1 14.2 12.9 14.9
General Medicine 25.2 24.7 27.8 31.0 26.7
Neither 32.6 37.5 37.6 27.2 34.9
Inpatient utilization
Patients with procedure within 60 days, %
Cardiac catheterization' 7.5 7.5 6.9 7.6 7.4
CABG 3.3 4.2 4.1 4.4 4.1
PTCA 2.7 2.8 2.7 2.9 2.8
CABG or PTCA 5.9 6.9 6.7 7.2 6.8
Other cardiac procedures' 7.3 7.3 7.6 7.8 7.5
Patients with procedure within 365 days, %
Cardiac catheterization 13.7 16.2 14.4 15.4 15.3
CABG 5.9 7.1 6.3 7.7 6.8
PTCA 4.4 5.5 5.0 5.1 5.2
CABG or PTCA 9.8 12.1 10.8 12.4 11.5
Other cardiac procedures' 13.9 14.6 14.1 15.0 14.4
Mean number of readmissions within 365 days, *SD 1.2+1.6 1.2+1.5 1.2x1.6 1.2x1.5 1.2+1.6
Mean number of cardiovascular readmissions within 0.7x1.1 0.7x1.1 0.7x1.1 0.7x1.1 0.7x1.1
365 days, +SD'
Patients who died
Within 60 days, % 4.5 4.1 4.7 4.1 4.3
Within 1 year, % 13.6 12.8 13.8 12.2 13.0
During study period, % 33.1 30.8 31.4 28.2 30.8
Patients who died or had any readmission
Within 60 days, % 34.7 33.8 37.3 34.9 34.9
Within 1 year, % 60.9 59.7 61.7 59.4 60.3
During study period, % 77.7 76.4 77.2 75.0 76.5
Patients who died or had cardiovascular readmission
Within 60 days, % 26.3 26.3 28.9 27.3 27.1
Within 1 year, % 48.1 48.5 49.6 48.1 48.6
During study period, % 67.4 67.4 67.7 65.4 67.1
Patients who died or had any readmission more than
60 days after index admission
Within 1 year, % 46.1 44.9 44.7 43.6 44.8
During study period, % 69.9 68.4 67.7 66.0 68.0
Patients who died or had cardiovascular readmission
more than 60 days after index admission
Within 1 year, % 33.2 33.4 32.4 32.0 32.9
During study period, % 58.4 58.2 56.7 55.2 57.3

*P =.001 for comparisons between regions except where indicated.

TP > .05 for comparisons between regions.

NE, Northeast; S, South; MW, Midwest; W, West; CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty.

pulmonary disease (COPD), absence of the diagnoses of
hypertension and hyperlipidemia, number of discharge
diagnoses, Charlson Index >2, absence of cardiac catheter-
ization at the index hospitalization, absence of CABG
and PTCA at the index hospitalization, and absence of

clinic visits within 60 days were all associated with
decreased time to death. Patients with both cardiology
and general medicine clinic visits within 60 days of
discharge from the index hospitalization had longer time
to death than did patients with general medicine clinic
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Table 3. Predictors of 60-day Mortality (Multivariable)

OR 95% ClI P Value
Age 1.034 1.030 to 1.039 .0001
Gender 1.172 0.812 to 1.693 .3966
(male versus female)
Race 1.417 1.251 to 1.605 .0001
(white versus others)
Hypertension 0.790 0.726 to 0.861 .0001
Diabetes 0.979 0.889 to 1.079 .6736
Congestive heart failure 1.688 1.536 to 1.854 .0001
Hyperlipidemia 0.683 0.590 to 0.790 .0001
Atrial fibrillation 1.112 0.984 to 1.257 .0880
COPD 0.947 0.857 to 1.046 .2837
Stroke 1.682 1.238 to 2.286 .0009
Discharge diagnoses, n 1.029 1.009 to 1.049 .0043
Charlson Index 1.707 1.533 to 1.901 .0001
Cardiac catheterization 0.546 0.477 to 0.624 .0001
at index
CABG or PTCA at index 0.517 0.4351t00.614 .0001
Region
MW versus S 1.069 0.965to 1.185 .2014
NE versus S 0.912 0.804 to 1.034 .1515
W versus S 0.950 0.847 to 1.065 .3747

COPD, chronic obstructive pulmonary disease; CABG, coronary
artery bypass grafting; PTCA, percutaneous transluminal coronary
angioplasty; MW, Midwest; NE, Northeast; S, South; W, West.

visits alone, who had longer time to death than patients
without clinic visits to either cardiology or general medi-
cine. Region of the country was still significant even after
adjusting for other factors, with patients in the South
having the shortest survival time. Survival curves for the
4 regions are shown in Figure 1.

Predictors of Time to Readmission

Table 5 shows the predictors of time to first hospital
readmission and first cardiovascular readmission, exclud-
ing readmissions within 60 days of discharge from the index
hospitalization. Higher age, male gender, nonwhite race,
diabetes, CHF, COPD, number of discharge diagnoses,
Charlson Index >2, cardiac catheterization at the index
hospitalization, and CABG or PTCA at the index hospitaliza-
tion were all associated with decreased time to the first
readmission, while hypertension and hyperlipidemia, car-
diology visit within 60 days, CABG or PTCA within 60 days
after discharge from the index hospitalization, and Northeast
or South region were associated with increased time to the
first readmission. Higher age, male gender, nonwhite race,
hypertension, diabetes, CHF, atrial fibrillation, COPD,
number of discharge diagnoses, cardiac catheterization at
the index hospitalization, CABG or PTCA at the index
hospitalization, presence of cardiology clinic visits within
60 days, and South region were all associated with decreased
time to the first cardiovascular readmission, whereas
hyperlipidemia and CABG or PTCA within 60 days after
index hospitalization were associated with increased time to
the first cardiovascular readmission.

DISCUSSION

We found substantial variation in both health care
utilization and clinical outcomes in this national sample of
veterans with AMI. This finding is consistent with the study
of chronic medical conditions by Ashton et al., 17 who found
significant regional variation in the use of inpatient and
outpatient services. That study did not include AMI and
had no outcome measures post-discharge.

Adjusting for age, demographic characteristics, and
comorbid conditions, we found that the region of the
country was an independent predictor of time to death
among patients discharged alive with AMI. As has been
reported for other conditions, patients in the Northeast were
somewhat older and had more comorbid illnesses, whereas
patients in the West tended to be younger and less
chronically ill.*”

east had a longer length of stay and inpatient mortality
{20

Hence, as expected, patients in the North-

during the index hospitalization compared to the Wes
Hypertension and hyperlipidemia, which are known cor-
onary risk factors, had an inverse relationship with the risk

Table 4. Predictors of Time to Death for Patients Alive
60 Days After Index Admission (Multivariable)

Hazard
Ratio 95% ClI P Value
Age 1.039 1.037 to 1.041 .0001
Gender 1.831 1.542t02.176 .0001
(male versus female)
Race 1.027 0.983 to 1.073 2271
(white versus others)
Hypertension 0.936 0.906 to 0.967 .0001
Diabetes 1.134 1.092to 1.177 .0001
Congestive heart failure 1.398 1.346to 1.452 .0001
Hyperlipidemia 0.697 0.658 to 0.738 .0001
Atrial fibrillation 1.062 1.010to 1.117 .0184
COPD 1.224 1.177 to 1.272 .0001
Stroke 0.980 0.847to 1.135 .7892
Discharge diagnoses, n 1.088 1.080to 1.096 .0001
Charlson Index 1.415 1.357to 1.475 .0001
Cardiac catheterization 0.856 0.821t0 0.893 .0001
at index
CABG or PTCA at index 0.641 0.602to 0.681 .0001
CABG or PTCA 1.029 0.937to 1.130 .5495
within 60 days
Clinic visits within
60 days*
Both versus none 0.737 0.668 to 0.813 .0001
Cardiology versus none 0.747 0.704 to 0.792  .0001
General Medicine 0.941 0.901 to 0.984 .0073
versus none
Region
MW versus S 0.939 0.902 to 0.978 .0023
NE versus S 0.875 0.834to0 0.918 .0001
W versus S 0.856 0.818t0 0.895 .0001

* Interaction between Cardiology and General Medicine not sig-
nificant; P =.4389.

COPD, chronic obstructive pulmonary disease; CABG, coronary
artery bypass grafting; PTCA, percutaneous transluminal coronary
angioplasty; MW, Midwest; NE, Northeast; S, South; W, West.
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Survival Function

postulated that hypertension and hyperlipidemia are coded
only when more serious conditions are not present, which
could indicate a healthier subgroup of patients. Presence of
CABG or PTCA at index admission was also associated with
increased time to death. It is likely that this represented a
healthier group of patients who could withstand surgery.
One other explanation is that patients with AMI treated
more aggressively with CABG following their AMI have
better outcomes.??

Our main finding was a significantly greater risk of
mortality and subsequent readmission in the South region
compared to the Northeast and the West. It is intriguing
that despite having a higher proportion of patients with

02— diabetes and Charlson Index >2, patients in the Northeast

0 1 2 3 4 5 6 7 8 had a lower adjusted mortality risk than those in the South.
Survival Time (yrs) Unlike prior studies in the VA that found no clear pattern of

Region ———— MW =-=----- NE = s - w regional variation in rates of outpatient follow-up for

FIGURE 1. Survival curves of the 4 regions (all-cause mortality).
MW, Midwest; NE, Northeast; S, South; W, West.

of mortality in our data, which is similar to findings from
other data-based studies?! and suggests that veterans with
AMI who carry such diagnoses have had these conditions
recognized and presumably treated. Another explanation is
that when the number of coding slots is limited, it has been

patients discharged with angina, we found that patients
in the Northeast and West were more likely than patients in
the South to have a primary care or cardiology visit
following discharge. The significance of region after adjust-
ing for outpatient follow-up indicates, however, that this is
not the sole difference between regions in the risk of AMI
patients dying or being readmitted. Also, the difference in
survival among the regions starts to become apparent at
1 year post-discharge (Fig. 1), further emphasizing that
longer term chronic care and follow-up of patients may be

Table 5. Predictors of Time to First Readmission More Than 60 Days After Index Admission for Patients Alive 60 Days
After Index Admission (Multivariable)

Any Readmission Cardiovascular Readmission

Hazard Ratio 95% ClI P Value Hazard Ratio 95% ClI P Value

Age 1.009 1.008 to 1.010 .0001 1.007 1.006 to 1.008 .0001
Gender (male versus female) 1.299 1.172 to 1.439 .0001 1.296 1.146 to 1.467 .0001
Race (white versus others) 0.921 0.894 to 0.948 .0001 0.885 0.856 to 0.916 .0001
Hypertension 0.973 0.952 to 0.995 .0153 1.036 1.009 to 1.063 .0078
Diabetes 1.076 1.048 to 1.104 .0001 1.102 1.068 to 1.136 .0001
Congestive heart failure 1.144 1.111 to 1.179 .0001 1.343 1.298 to 1.389 .0001
Hyperlipidemia 0.814 0.789 to 0.840 .0001 0.887 0.855 to 0.919 .0001
Atrial fibrillation 1.016 0.977 to 1.056 4322 1.077 1.029 to 1.126 .0013
COPD 1.136 1.104 to 1.169 .0001 1.042 1.007 to 1.078 .0184
Stroke 0.895 0.789 to 1.014 .0824 0.930 0.800 to 1.080 .3422
Discharge diagnoses, n 1.065 1.060 to 1.071 .0001 1.061 1.055 to 1.067 .0001
Charlson Index 1.112 1.080 to 1.144 .0001 1.018 0.984 to 1.053 .3003
Cardiac catheterization at index 2.032 1.979 to 2.085 .0001 2.856 2.772 to 2.942 .0001
CABG or PTCA at index 1.283 1.243 to 1.325 .0001 1.475 1.426 to 1.527 .0001
CABG or PTCA within 60 days 0.695 0.663 to 0.728 .0001 0.544 0.516 to 0.574 .0001
Clinic visits within 60 days*

Cardiology and General Medicine 0.977 0.928 to 1.028 3727 1.081 1.019 to 1.147 .0100

versus none

Cardiology versus none 0.937 0.906 to 0.969 .0001 1.047 1.008 to 1.088 .0189

General Medicine versus none 0.987 0.959 to 1.016 .3691 1.033 0.998 to 1.068 .0619
Region

MW versus S 0.975 0.949 to 1.002 .0704 0.931 0.902 to 0.962 .0001

NE versus S 0.951 0.921 to 0.983 .0029 0.882 0.849 to 0.917 .0001

W versus S 0.952 0.924 to 0.980 .0010 0.924 0.893 to 0.957 .0001

* Interaction between Cardiology and General Medicine not significant; P =.0937 and .9968.
COPD, chronic obstructive pulmonary disease; CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty;
MW, Midwest; NE, Northeast; S, South; W, West.
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important in improving survival in patients with myocardial
infarction. In their review of AMI patients, Martin et al.?>
showed that mortality in patients without subsequent
outpatient follow-up is extremely high. This could be due
to missed opportunities for aggressive risk modification, for
early identification of the need for surgical intervention, and
for cardiac rehabilitation.

One might hypothesize that the sicker patients received
more follow-up. However, if that were true, then patients in
the West (who had lower mortality and readmission rates)
should have received less outpatient follow-up, which was
not the case. Although post-myocardial infarction follow-up
was associated with better outcomes, more than half of the
patients in our study had no primary care or cardiology
follow-up at a VAMC within 60 days of discharge, and a
third had no follow-up 1 year after discharge from their
index AMI hospitalization, suggesting that there is sub-
stantial room for improvement in the care of veterans with
AMLI. It is possible that some of the patients not receiving
follow-up outpatient care in the VA system received such
care outside the VA system.!* Even if this were so, the
findings in our study would suggest that greater follow up
within the VA system (presumably where there is better
communication between providers of care) was associated
with better outcomes. We found variation in revasculariza-
tion rates with CABG during and within 1 year post-
discharge from the index AMI hospitalization among the 4
regions, similar to findings in non-VA hospitals.“‘25 Hence,
it is likely that the regional variation in mortality risk noted
in our study was due to a combination of differential
revascularization rates and outpatient follow-up among
the different regions.

In the current study, we found an inverse relationship
between outpatient follow-up and subsequent all-cause
readmission, with greater rates of outpatient follow-up
being associated with overall lower readmission rates. This
is in contrast to the study by Weinberger et al.>® where
more post-discharge outpatient follow-up with the primary
care physicians was associated with increased rates of
subsequent hospitalization. However their study did not
specifically target follow-up after AMI. Moreover, their
study was a randomized, controlled trial of providing
primary care to patients discharged from VA medicine
service who previously had not received VA-based primary
care. The study by Piette and Moos® also found that greater
ambulatory follow-up post-AMI was associated with
decreased mortality (as in our study) but was associated
with increased odds of readmission. However, their study
was limited to 1992 only. It appears that patients having
follow-up outpatient cardiology care, especially if combined
without primary care, had a higher risk of subsequent
readmission for myocardial infarction. This may be
because patients with worse cardiovascular disease (and
prognosis) may have been referred to a VA cardiology clinic.
As is known, typically, at a VAMC most of the patients with
AMI are managed by a primary care physician, and only
patients who have received procedural interventions at

their admission for AMI are followed up in specialty clinics.
There have been no studies that have demonstrated a
regional variation in this practice.

Regional variation in the treatment of AMI has also
been demonstrated in the non-VA population.?® However,
geographic variation in the care and outcomes of patients
in the VA system is an intriguing finding, given the VA’s
centralized administrative structure and policies. Differ-
ences in the prevalence or severity of disease cannot
explain all of the differences we found, in that patients in
the Northeast had a higher Charlson Index and a greater
number of comorbid conditions but had better outcomes
than patients in the South. The variation also cannot be
explained on the basis of financial incentives, because all
VA physicians are salaried and all VA facilities use the
same system of reimbursement.

There are several limitations in our study. First, critical
variables were unavailable in the administrative data we
used (e.g., medications, smoking status, severity of AMI,
socioeconomic status). Second, because we do not know
the cause of death, we modeled all-cause mortality rather
than death specifically related to AMI or other cardiovas-
cular conditions. In addition, the use of ICD-9-CM codes is
associated with some unavoidable errors. Yet, studies
validating the accuracy of coding within the VA system
have shown substantial reliability.?” Chart review of the
same Austin PTF database by Wright et al. found 96%
accuracy in coding for AMI. There is also no evidence that
coding errors differ by region. We were also not able to
assess the use of non-VA inpatient or outpatient health
services, which may vary by geographic region. In addition,
because most veterans are eligible for Medicare insurance
and thus can be hospitalized for AMI at many non-VA
facilities, our findings can only be generalized to veterans
hospitalized with AMI at VAMCs. However, a recent study
by Petersen et al. found no difference in 5-year mortality
between Medicare and VA patients post-myocardial
infarction.?®?° Wright et al. showed that about 70% of
the VA users were admitted to non-VA Medicare hospitals
for their AMI (S. Wright, PhD, written communication, July,
2001).'* However, there have been no studies thus far
demonstrating regional variability in the use of non-VA
services. Moreover, given our large sample size, small
differences may be statistically significant but not clinically
relevant. Finally, this is a retrospective study of admin-
istrative data, and we cannot establish causation.

Despite the limitations, our findings are still an
important initial step in identifying associations between
clinical variables and treatment outcomes among veterans
hospitalized in a VAMC for AMI. Our study is unique in that
it captures patient and process of care data in a large stable
cohort that rarely changes health care systems. Our finding
of a substantial degree of regional variability suggests that
both processes and outcomes of care post-AMI can be
improved in the VA system. Further studies are needed to
explore the possibility that increased outpatient care
following AMI can improve outcomes. Also, it may be
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important to identify which differences in care among the
different VA regions influence AMI outcomes and if there
are any differences among the regions at the level of the
hospital and its patient load.***! The link between process
of care and outcomes is a critical step in understanding the

significance of practice variation.?2-32-33 This will provide a
basis for designing effective strategies and interventions in
the acute and chronic care of patients post-AMI that would
improve patient outcomes.
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