
 

VOLUME OF PRIMARY ANGIOPLASTY PROCEDURES AND SURVIVAL AFTER ACUTE MYOCARDIAL INFARCTION

 

Volume 342 Number 21

 

·

 

1573

 

Special Article

 

THE VOLUME OF PRIMARY ANGIOPLASTY PROCEDURES AND SURVIVAL 
AFTER ACUTE MYOCARDIAL INFARCTION

 

J

 

OHN

 

 G. C

 

ANTO

 

, M.D., M.S.P.H., N

 

ATHAN

 

 R. E

 

VERY

 

, M.D., M.P.H., D

 

AVID

 

 J. M

 

AGID

 

, M.D., M.P.H., 
W

 

ILLIAM

 

 J. R

 

OGERS

 

, M.D., J

 

UDITH

 

 A. M

 

ALMGREN

 

, P

 

H

 

.D., P

 

AUL

 

 D. F

 

REDERICK

 

, M.P.H., M.B.A., W

 

ILLIAM

 

 J. F

 

RENCH

 

, M.D., 
A

 

LAN

 

 J. T

 

IEFENBRUNN

 

, M.D., V

 

IJAY

 

 K. M

 

ISRA

 

, M.D., C

 

ATARINA

 

 I. K

 

IEFE

 

, P

 

H

 

.D., M.D., 

 

AND

 

 H

 

AL

 

 V. B

 

ARRON

 

, M.D.,

 

FOR

 

 

 

THE

 

 N

 

ATIONAL

 

 R

 

EGISTRY

 

 

 

OF

 

 M

 

YOCARDIAL

 

 I

 

NFARCTION

 

 2 I

 

NVESTIGATORS

 

*

 

A

 

BSTRACT

 

Background

 

There is an inverse relation between
mortality from cardiovascular causes and the number
of elective cardiac procedures (coronary angioplasty,
stenting, or coronary bypass surgery) performed by
individual practitioners or hospitals. However, it is not
known whether patients with acute myocardial infarc-
tion fare better at centers where more patients under-
go primary angioplasty or thrombolytic therapy than
at centers with lower volumes.

 

Methods

 

We analyzed data from the National Reg-
istry of Myocardial Infarction to determine the rela-
tion between the number of patients receiving reper-
fusion therapy (primary angioplasty or thrombolytic
therapy) and subsequent in-hospital mortality. A total
of 450 hospitals were divided into quartiles accord-
ing to the volume of primary angioplasty. Multiple
logistic-regression models were used to determine
whether the volume of primary angioplasty proce-
dures was an independent predictor of in-hospital
mortality among patients undergoing this procedure.
Similar analyses were performed for patients receiv-
ing thrombolytic therapy at 516 hospitals.

 

Results

 

In-hospital mortality was 28 percent lower
among patients who underwent primary angioplas-
ty at hospitals with the highest volume than among
those who underwent angioplasty at hospitals with
the lowest volume (adjusted relative risk, 0.72; 95 per-
cent confidence interval, 0.60 to 0.87; P<0.001). This
lower rate, which represented 2.0 fewer deaths per 100
patients treated, was independent of the total volume
of patients with myocardial infarction at each hospi-
tal, year of admission, and use or nonuse of adjunc-
tive pharmacologic therapies. There was no significant
relation between the volume of thrombolytic inter-
ventions and in-hospital mortality among patients
who received thrombolytic therapy (7.0 percent for pa-
tients in the highest-volume hospitals vs. 6.9 percent
for those in the lowest-volume hospitals, P=0.36).

 

Conclusions

 

Among hospitals in the United States
that have full interventional capabilities, a higher vol-
ume of angioplasty procedures is associated with a
lower mortality rate among patients undergoing pri-
mary angioplasty, but there is no association be-
tween volume and mortality for thrombolytic therapy.
(N Engl J Med 2000;342:1573-80.)
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ANY studies have documented an in-
verse relation between the rate of mor-
tality from cardiovascular causes and the
number of elective reperfusion proce-

dures performed by individual practitioners or hos-
pitals. Lower mortality rates have been associated
with higher volumes of elective procedures in studies
of percutaneous transluminal coronary angioplasty
(PTCA),

 

1-4

 

 coronary stenting,

 

5

 

 and coronary-artery
bypass grafting.

 

6,7

 

 However, it is not known whether
there is an inverse relation between mortality and pri-
mary angioplasty or thrombolytic therapy for acute
myocardial infarction. Unlike the outcome of pharma-
cologic therapies, the outcome of invasive cardiac pro-
cedures depends on individual expertise, which in turn
may depend on the volume of procedures performed.
Also, the outcome for patients with myocardial in-
farction may be dependent on the early use of adjunc-
tive medications, such as aspirin, heparin, or beta-
blockers. It is possible that hospitals treating large
numbers of patients with myocardial infarction have
superior outcomes simply because accepted therapies
are administered more frequently or more quickly than
at hospitals with smaller numbers of such patients.

To determine whether a higher volume of patients
receiving reperfusion therapy is associated with better
outcomes, we examined in-hospital mortality among
patients with myocardial infarction who were treated

M
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at hospitals with a range of experience in using emer-
gency reperfusion therapies. We hypothesized that the
mortality rate would be lower among patients un-
dergoing primary angioplasty at hospitals with a high
volume of angioplasty procedures than among pa-
tients undergoing primary angioplasty at low-volume
hospitals. We also hypothesized that there would be
no association between the mortality rate and volume
for patients receiving thrombolytic therapy.

 

METHODS

 

Data Collection

 

The National Registry of Myocardial Infarction (NRMI) is a
voluntary registry of cross-sectional data on patients hospitalized
with confirmed myocardial infarction. Trained abstractors collect-
ed detailed data from the records of 772,586 patients admitted
between June 1994 and March 1998 at 1470 participating hospi-
tals. The characteristics of the registry, data-gathering procedures,
and reliability have been reported elsewhere.

 

8-10

 

 For patients includ-
ed in the NRMI, the diagnosis of myocardial infarction was based
on at least one of the following findings: a value for serum total
creatine kinase or serum creatine kinase MB that was two or more
times the upper limit of the normal range; electrocardiographic ev-
idence of acute myocardial infarction; enzymatic, scintigraphic, or
autopsy evidence of myocardial infarction; or a diagnosis of my-
ocardial infarction according to the 

 

International Classification of
Diseases, Ninth Revision, Clinical Modification

 

 (code 410.X1).

 

Eligibility Criteria

 

Only hospitals capable of performing the entire spectrum of in-
vasive cardiac procedures were included in the study. To minimize
the bias associated with high rates of patient transfers, we excluded
hospitals that did not have interventional capabilities or that did
have interventional capabilities but without the on-site availability
of cardiac surgery as a backup. Also, patients who had been trans-
ferred from other hospitals were excluded (34 to 39 percent of
patients at the hospitals in the analysis of angioplasty and 29 to 42
percent of those at the hospitals in the analysis of thrombolytic
therapy). In calculating the volume of angioplasty procedures for
each hospital, we included all primary angioplasty procedures (even
those performed in patients who had been transferred from other
hospitals) to give maximal credit for the experience gained from
performing angioplasty. The volume was calculated as the total
number of patients who underwent primary angioplasty at each
hospital divided by the total number of days for which the hospital
reported data to the NRMI. Eligible hospitals were ranked ac-
cording to volume, and the 25th, 50th, and 75th percentiles were
used as cutoff points to define quartiles. Hospitals at which fewer
than five primary angioplasty procedures were performed per year
were excluded from the study. A similar analysis was performed to
determine the quartiles for the volume of thrombolytic interven-
tions among all eligible hospitals in the NRMI. A total of 422 hos-
pitals were included in both the angioplasty group and the throm-
bolytic-therapy group.

 

Study Variables

 

The study variables included characteristics of the hospitals (ur-
ban or rural location, the number of beds, and whether or not the
hospital was a teaching center) and demographic and clinical char-
acteristics of the patients. Hospitals in nine U.S. Census regions were
included in the study.

 

11

 

 The hospitals were classified as urban if they
were located in a county with at least one city that had a population
of more than 50,000 or in a county with two cities that had a
combined population of more than 50,000; all other hospitals
were classified as rural. The total volume of patients with myocar-
dial infarction was calculated as the total number of patients with
myocardial infarction (regardless of whether they were transferred)

divided by the number of days for which a hospital reported data
to the NRMI. For most of the study variables, missing data account-
ed for no more than 5 percent of the observations; the exceptions
were the interval from the onset of symptoms to the patient’s ar-
rival at the hospital (12 percent of patients had missing data) and
the interval from arrival at the hospital to the initial electrocardio-
graphic study (10 percent).

 

Statistical Analysis

 

The hospital was the unit of analysis for assignment to a hos-
pital-volume group. However, the patient was the unit of analysis
for the evaluation of clinical variables and mortality. We present
data for only those patients who received thrombolytic therapy or
underwent primary angioplasty at eligible hospitals. An analysis
that included all patients, whether or not they received reperfusion
therapy, yielded no additional findings (data not shown). A linear
association among the four quartiles was assessed with the use of
the Mantel–Haenszel chi-square test for categorical variables, analy-
sis of variance for continuous variables, and the nonparametric
median (Brown–Mood) test for comparisons of median values.

Forward multiple logistic-regression models were developed to
identify predictors of mortality. Because the cumulative risk of death
was less than 10 percent, relative risks were estimated as odds ratios.
Generalized-estimating-equation analyses, performed to account
for clustering within hospitals, yielded no additional findings (da-
ta not shown). The first set of models was constructed to deter-
mine the relation between the volume of angioplasty procedures
and mortality among patients who actually underwent primary
angioplasty at hospitals that performed the procedure. The main
independent variable was the quartile of volume, and the refer-
ence group was the group of hospitals with the lowest volume
(first quartile). Variables sequentially added to the models included
the location of the hospital (urban or rural) and the demographic
characteristics, medical history, and clinical presentation of the
patients. 

Variables subsequently added to the models included cardiac
medications administered within the first 24 hours after the pa-
tient’s arrival at the hospital, the year the patient was admitted to
the hospital (to account for temporal trends), and the total number
of patients with myocardial infarction who were admitted to the
hospital (to account for any additional influence of the volume of
patients with myocardial infarction and of variability in the vol-
ume within quartiles).

A second set of models was constructed to determine the rela-
tion between the volume of thrombolytic interventions and mortal-
ity among patients who received thrombolytic therapy. We used
the C statistic to determine the predictive value of each fully ad-
justed model. The C statistic ranges from 0 to 1, with higher num-
bers indicating greater predictive value.

 

RESULTS

 

Study Population

 

Table 1 shows the ranking of hospitals in the NRMI
according to the number of patients who underwent
primary angioplasty or received thrombolytic thera-
py. A total of 257,602 patients with myocardial in-
farction (33.3 percent of the entire NRMI cohort)
were treated at a total of 450 hospitals (30.6 percent
of all NRMI hospitals) in the angioplasty group, and
a total of 277,156 patients with myocardial infarction
(35.9 percent of the entire NRMI cohort) were
treated at 516 hospitals (35.1 percent of all NRMI
hospitals) for the thrombolytic-therapy group.

In general, there were few clinically relevant dif-
ferences among patients according to the quartile of
volume (Table 2). Notable differences included rel-
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atively higher proportions of white patients and pa-
tients with Q-wave infarctions at high-volume centers.
Also, the median interval between the onset of symp-
toms and the patient’s arrival at the hospital was long-
er for patients treated at low-volume centers perform-
ing thrombolytic therapy than among those treated
at high-volume thrombolytic-therapy centers.

Most of the hospitals in both the angioplasty group
and the thrombolytic-therapy group were located in
urban areas (Table 2). Also, in both groups, high-vol-
ume hospitals were more likely than low-volume hos-
pitals to be large facilities (with more than 350 beds),
and low-volume hospitals in the thrombolytic-ther-
apy group were more likely than high-volume hospi-
tals to be teaching centers. However, there were no
important differences in volume among teaching cen-
ters that performed primary angioplasty.

 

Pharmacologic Treatments and Cardiac Procedures

 

Patients who were eligible for acute reperfusion
therapy and who were admitted to the centers with
the highest volume of thrombolytic interventions
(fourth quartile) were significantly more likely to re-
ceive reperfusion therapy of any type than were pa-
tients admitted to centers with the lowest volume
(73.8 percent vs. 65.3 percent, P<0.001) (Table 3).
However, for eligible patients at hospitals perform-
ing angioplasty, there were no important trends in the

use of reperfusion therapy of any type according to
the quartile of volume.

There were no important clinical differences among
quartiles in the use of antiplatelet therapies, beta-
blockers, or heparin within the first 24 hours after
the patient’s arrival at the hospital, for either patients
who received thrombolytic therapy or those who un-
derwent primary angioplasty. However, in the group
of patients who received thrombolytic therapy, the
proportion who underwent cardiac catheterization,
angioplasty, or bypass grafting was greater in the high-
est quartile than in the lowest quartile. The use of by-
pass grafting varied little according to volume among
the hospitals performing angioplasty.

 

Interval between Arrival at the Hospital and Treatment

 

The interval between the patient’s arrival at the hos-
pital and the initial electrocardiographic study varied
little among the quartiles of hospitals for either form
of reperfusion therapy (Table 4). However, the high-
er-volume hospitals in both the angioplasty group
and the thrombolytic-therapy group were likely to
administer such therapies sooner. The difference be-
tween the lowest and highest quartiles in the mean
interval from the patient’s arrival at the hospital to
the administration of reperfusion therapy was signif-
icantly greater for patients treated with primary an-
gioplasty (28.2 minutes) than for those treated with
thrombolysis (10.8 minutes).

 

In-Hospital Mortality

 

The crude mortality rate during hospitalization was
7.7 percent among patients admitted to hospitals in
the lowest quartile of the angioplasty group and 5.7
percent among those admitted to hospitals in the
highest quartile (P<0.001) (Table 2). There was no
significant association between the volume of throm-
bolytic interventions and in-hospital mortality among
patients who received thrombolytic therapy (7.0 per-
cent for the highest quartile and 6.9 percent for the
lowest quartile, P=0.36).

Among patients who actually underwent primary
angioplasty, the mortality rate was significantly lower
with each increasing quartile of volume, and was low-
est among hospitals with the highest volume, even
after adjustment for the early use of adjunctive med-
ications known to influence mortality, the year of ad-
mission, and the total volume of patients with myocar-
dial infarction (P<0.001) (Table 5). Among patients
who received thrombolytic therapy, there was no sta-
tistically significant association between the volume
of such procedures and mortality (P=0.67).

 

DISCUSSION

 

The primary finding in this large observational
analysis was that in-hospital mortality was 28 percent
lower among patients who underwent primary an-
gioplasty at hospitals with the highest volume of such

 

*Hospitals were ranked according to the number of patients who under-
went primary angioplasty or thrombolytic therapy at each hospital. The
volume was calculated as the total number of patients who underwent pri-
mary angioplasty or thrombolysis at each hospital divided by the total
number of days the hospital reported data to the registry. A minimal vol-
ume of five patients per year was required for a hospital to be included in
the analysis. Quartiles were defined with the use of the 25th, 50th, and
75th percentiles as cutoff points. A total of 422 hospitals were included in
both the angioplasty group and the thrombolytic-therapy group. MI de-
notes myocardial infarction.
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A
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T
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V

 

OLUME

 

number no./yr

 

Primary angioplasty

 

1 113 42,362 2,825 5–11
2 112 56,145 5,245 12–20
3 113 67,460 9,303 21–33
4 112 91,635 19,162 >33

Total 450 257,602 36,535 —

 

Thrombolytic therapy

 

1 129 38,964 3,929 5–15
2 129 48,003 8,385 16–28
3 129 74,380 14,694 29–45
4 129 115,809 28,658 >45

Total 516 277,156 55,666 —
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procedures than among those who underwent angio-
plasty at hospitals with the lowest volume. This low-
er rate, which represented 2.0 fewer deaths per 100
patients, was independent of the total volume of cas-
es of myocardial infarction, temporal trends, or early
use of proven adjunctive therapies known to influence
survival (such as aspirin, beta-blockers, and heparin).
However, there was no significant relation between the

volume of thrombolytic interventions and in-hospital
mortality among patients who received thrombolyt-
ic therapy. Finally, we found that high-volume centers
tended to administer lifesaving reperfusion therapies
faster than low-volume centers and that the differ-
ence was greater for patients who underwent pri-
mary angioplasty than for those who received throm-
bolytic therapy.

 

*Percentages may not sum to 100 because of rounding. PTCA denotes percutaneous transluminal coronary angioplasty, and CABG coro-
nary-artery bypass grafting.

†P values are for the comparisons among the quartiles.
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V

 

ARIABLE
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HERAPY
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RIMARY

 

 A

 

NGIOPLASTY

 

P 
V

 

ALUE

 

†

 

QUARTILE

 

 
1

 

QUARTILE

 

 
2

 

QUARTILE

 

 
3

 

QUARTILE

 

 
4

 

QUARTILE

 

 
1

 

QUARTILE

 

 
2

 

QUARTILE

 

 
3

 

QUARTILE

 

4

No. of patients 3929 8385 14,694 28,658 2825 5245 9303 19,162

Age (yr) «0.01
Mean 62.8 61.9 62.0 62.0 61.7 61.6 61.7 62.0
Median 62.9 61.8 62.2 62.1 61.8 62.0 61.9 62.2

Female sex (%) 31.6 31.2 30.6 30.7 30.5 31.0 30.4 30.4

White race (%) 81.1 80.4 85.3 90.1 «0.01 82.5 84.1 87.3 90.5 «0.01

Cardiac risk factors (% of pa-
tients)

Diabetes mellitus 19.5 20.4 19.6 19.2 20.7 20.2 20.3 18.5 «0.01
Hypertension 47.4 45.8 45.4 44.8 45.4 48.4 46.6 45.4 «0.01
Current smoking 35.7 37.9 38.2 38.9 «0.01 34.0 34.9 33.9 35.4
Family history of coronary 

artery disease
30.9 33.0 34.6 36.0 «0.01 31.5 33.4 33.3 32.6

High serum cholesterol 28.7 30.5 30.5 28.9 «0.01 27.2 29.3 30.9 31.6 «0.01

Medical history (% of patients)
Angina 11.6 13.2 13.4 12.8 16.9 14.3 14.6 13.8 «0.01
Myocardial infarction 19.8 19.4 18.4 18.9 19.7 19.9 19.3 18.4
Heart failure 5.0 3.9 3.9 3.9 «0.01 4.0 4.4 4.3 3.7
PTCA 8.3 8.9 8.9 8.7 13.3 13.4 13.7 13.5 «0.01
CABG 9.1 8.4 8.0 8.1 7.4 7.3 8.6 8.3
Stroke 3.4 3.4 3.2 3.3 5.4 5.7 5.8 4.8 «0.01

Median interval between onset 
of symptoms and arrival at 
hospital (min)

105.0 100.2 94.8 93.0 «0.01 109.8 111.0 108.0 105.0

Mean systolic blood pressure 
(mm Hg)

141.6 140.0 140.3 139.4 «0.01 136.8 137.6 138.8 139.0 «0.01

Mean pulse (beats/min) 78.6 78.4 77.8 77.8 78.2 78.1 78.3 77.9

Killip class (% of patients)
I 85.8 86.6 87.5 87.5 «0.01 84.9 83.8 84.9 85.7 «0.01
II 9.9 9.6 9.3 8.7 9.0 9.0 8.6 8.8
III 2.9 2.4 2.2 2.4 2.1 3.2 2.9 2.4 «0.01
IV 1.4 1.4 0.9 1.4 «0.01 4.0 4.0 3.5 3.0 «0.01

Type of myocardial infarction 
(% of patients)

Q wave 79.8 79.7 80.1 84.6 «0.01 72.1 75.8 75.3 76.2 «0.01
Anterior 34.1 35.6 34.6 33.8 «0.01 36.5 39.1 36.5 36.1 «0.01

Length of stay (days) «0.01
Median 5.8 5.9 6.0 6.1 6.1 6.0 5.9 5.8
Mean 7.4 7.4 7.5 7.6 7.5 7.6 7.5 7.3

Crude death rate (%) 6.9 7.0 6.6 7.0 7.7 7.5 7.0 5.7 «0.01

Hospital characteristics (% of
patients)

Urban 95.0 93.8 95.5 97.8 «0.01 93.4 93.5 95.2 94.7 «0.01
>350 Beds 47.6 40.9 43.1 60.4 «0.01 39.6 42.9 55.1 61.8 «0.01
Teaching 32.8 21.2 18.3 11.8 «0.01 20.6 26.8 18.5 19.9 «0.01
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There are many possible explanations for the in-
verse relation between the volume of angioplasty pro-
cedures and in-hospital mortality. Hospitals that have
a high total volume of patients with myocardial in-
farction may have better outcomes because of insti-
tutional factors involved in the care of large numbers
of such patients, and those centers are also likely to

have a high volume of primary angioplasty proce-
dures. However, even after we adjusted for the total
volume of patients with myocardial infarction at each
hospital, the volume of procedures was still a signif-
icant, independent predictor of a better outcome.

Referral bias may be another explanation for the
better outcomes at high-volume angioplasty centers.

 

*PTCA denotes percutaneous transluminal coronary angioplasty, and CABG coronary-artery bypass grafting.

†P values are for the comparisons among the quartiles.

‡Patients were considered eligible for thrombolysis if the initial hospital electrocardiogram revealed an ST-segment elevation of more than
1 mm in two contiguous leads or left bundle-branch block, if the symptoms had developed no more than 12 hours earlier, and if there were
no contraindications to thrombolytic therapy. Patients were considered eligible for primary angioplasty if the initial hospital electrocardiogram
revealed an ST-segment elevation of more than 1 mm in two contiguous leads or left bundle-branch block and if the symptoms had developed
no more than 12 hours earlier.

§Data are numbers of patients who received reperfusion therapy.

 

T
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 3.

 

 P

 

HARMACOLOGIC

 

 T

 

REATMENTS

 

 AND INVASIVE CARDIAC PROCEDURES ACCORDING TO THE QUARTILE OF VOLUME.*

VARIABLE THROMBOLYTIC THERAPY

P 
VALUE† PRIMARY ANGIOPLASTY

P
VALUE†

QUARTILE

1
QUARTILE

2
QUARTILE

3
QUARTILE

4
QUARTILE 

1
QUARTILE

2
QUARTILE 

3
QUARTILE 

4

Reperfusion therapy
No. of eligible patients‡ 11,724 14,492 23,028 36,292 15,061 18,607 23,590 31,039
Thrombolytic therapy (%) 26.5 45.3 50.8 62.0 <0.01 59.2 51.8 47.0 27.1 <0.01
PTCA (%) 38.8 25.8 19.6 11.8 <0.01 10.3 16.0 22.0 37.9 <0.01
Any reperfusion (%) 65.3 71.1 70.4 73.8 <0.01 69.5 67.8 69.0 65.0 <0.01

Other medications within 24 hr
No. of patients§ 3,929 8,385 14,694 28,658 2,825 5,245 9,303 19,162
Aspirin or an antiplatelet 

agent (%)
92.2 92.7 93.8 93.6 <0.01 88.1 88.6 89.4 90.9 <0.01

Beta-blocker (%) 52.5 55.5 54.7 55.0 <0.01 43.8 46.9 44.5 46.4 <0.01
Heparin (%) 97.0 96.8 97.7 97.6 <0.01 91.8 93.1 92.7 94.7 <0.01

Invasive procedures
No. of patients§ 3,929 8,385 14,694 28,658 2,825 5,245 9,303 19,162
Catheterization (%) 75.5 77.5 78.7 80.2 <0.01 100 100 100 100
PTCA (%) 39.7 41.6 41.1 42.1 <0.01 100 100 100 100
CABG (%) 14.8 15.5 16.5 17.8 <0.01 8.5 9.1 8.0 8.8

*P<0.001 for all comparisons of median and mean values among the quartiles.

TABLE 4. INTERVAL BETWEEN ARRIVAL AT THE HOSPITAL AND EVALUATION AND TREATMENT, 
ACCORDING TO THE QUARTILE OF VOLUME.

VARIABLE THROMBOLYTIC THERAPY* PRIMARY ANGIOPLASTY

QUARTILE 
1

QUARTILE 
2

QUARTILE 
3

QUARTILE 
4

QUARTILE 
1

QUARTILE

2
QUARTILE 

3
QUARTILE

4

No. of patients 3929 8385 14,694 28,658 2825 5245 9303 19,162
Arrival to electrocardiogram 

(min)
Mean 12.6 12.0 11.4 14.4 14.4 13.8 12.6 10.8
Median 7.8 7.8 7.8 9.0 9.0 9.0 7.8 7.8

Arrival to thrombolytic 
therapy (min)

Mean 74.4 67.8 67.2 63.6 — — — —
Median 48.6 43.8 42.0 40.2 — — — —

Arrival to angioplasty (min)
Mean — — — — 198.6 196.8 189.6 170.4
Median — — — — 129.0 135.0 129.0 118.8
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Such a bias results when the reputation of a physician
or hospital for superior outcomes leads to increased
referrals, including referrals of patients with less se-
rious disorders, who might have superior outcomes
regardless of treatment. However, most of the base-
line characteristics were similar among the quartiles,
and the results did not change significantly after ad-
justment for known differences. In addition, referral
bias was limited by the restriction of the analysis to
hospitals with full interventional capabilities, where
the proportion of patients transferred to other hospi-
tals was negligible (<3 percent), and by the exclusion
of patients transferred from other institutions. There-
fore, differences in transfer rates are not likely to ex-
plain the observed differences in mortality between
patients who underwent angioplasty at high-volume
hospitals and those who underwent angioplasty at
low-volume hospitals.

On the other hand, the lower mortality rate at high-
volume angioplasty centers than at low-volume cen-
ters may be due in part to the finding that the inter-

val between the patient’s arrival at the hospital and
the administration of reperfusion therapy was signifi-
cantly shorter at high-volume angioplasty centers than
at low-volume centers. It is known that faster resto-
ration of antegrade flow is associated with improved
survival. The lower mortality rate at high-volume an-
gioplasty centers may also be due to the fact that phy-
sicians who perform reperfusion procedures at high-
volume centers, as well as other members of the
cardiac-catheterization team at such centers, may have
more opportunities to improve and perfect their tech-
nical skills through practice. Our findings suggest that
the volume of angioplasty procedures may be a proxy
for the process of care.

Though the volume of angioplasty procedures was
associated with in-hospital mortality, there was no re-
lation between the volume of thrombolytic interven-
tions and in-hospital mortality. In this analysis, a
higher volume of thrombolytic interventions was as-
sociated with a slightly shorter interval between the
patient’s arrival at the hospital and the administra-

*Demographic characteristics included age, sex, and urban or rural location of the hospital. Medical history included
cardiac risk factors (hypertension, diabetes mellitus, current smoking, family history of coronary artery disease, and hy-
percholesterolemia) and previous cardiac disorders or treatment (myocardial infarction, angina, heart failure, coronary
angioplasty, coronary bypass surgery, or stroke). Clinical presentation included Q-wave or non–Q-wave myocardial in-
farction, Killip class, presence or absence of anterior myocardial infarction, presence or absence of ST-segment elevation
or left bundle-branch block on the initial electrocardiogram, and a delay of more than six hours between the onset of
symptoms and arrival at the hospital. Medications within 24 hours included heparin, aspirin, nitroglycerin, beta-blockers,
lidocaine, intravenous magnesium, angiotensin-converting–enzyme inhibitors, and calcium-channel blockers. The C sta-
tistic was 0.872 for the fully adjusted angioplasty model and 0.841 for the fully adjusted thrombolytic-therapy model.

†The relative risk is for the comparison with the first quartile. CI denotes confidence interval, and MI myocardial in-
farction.

TABLE 5. UNADJUSTED AND ADJUSTED RELATIVE RISK OF DEATH AMONG PATIENTS

WHO UNDERWENT PRIMARY ANGIOPLASTY OR RECEIVED THROMBOLYTIC THERAPY, 
ACCORDING TO THE QUARTILE OF VOLUME.

MODEL* RELATIVE RISK (95% CI)†

QUARTILE 2 QUARTILE 3 QUARTILE 4

Primary angioplasty

Unadjusted 0.96 (0.81–1.14) 0.89 (0.76–1.04) 0.72 (0.62–0.84)
Adjusted for demographic characteristics 0.92 (0.76–1.10) 0.84 (0.71–1.00) 0.71 (0.61–0.83)
Adjusted for demographic characteristics and 

medical history
0.92 (0.77–1.10) 0.84 (0.71–1.00) 0.72 (0.61–0.84)

Adjusted for demographic characteristics, medical 
history, clinical presentation, and medications 
within 24 hr

0.87 (0.71–1.07) 0.84 (0.70–1.02) 0.74 (0.62–0.89)

Adjusted for demographic characteristics, medical 
history, clinical presentation, medications with-
in 24 hr, year, and volume of patients with MI

0.87 (0.71–1.07) 0.83 (0.69–1.01) 0.72 (0.60–0.87)

Thrombolytic therapy

Unadjusted 1.00 (0.86–1.16) 0.96 (0.83–1.10) 1.00 (0.88–1.14)
Adjusted for demographic characteristics 1.10 (0.94–1.29) 1.02 (0.88–1.19) 1.09 (0.94–1.25)
Adjusted for demographic characteristics and 

medical history
1.12 (0.95–1.32) 1.05 (0.90–1.22) 1.11 (0.96–1.28)

Adjusted for demographic characteristics, medical 
history, clinical presentation, and medications 
within 24 hr

1.24 (1.04–1.47) 1.18 (1.00–1.38) 1.22 (1.05–1.42)

Adjusted for demographic characteristics, medical 
history, clinical presentation, medications with-
in 24 hr, year, and volume of patients with MI

1.23 (1.04–1.46) 1.16 (0.99–1.36) 1.18 (1.00–1.39)
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tion of thrombolytic therapy, but this difference did
not translate into an improved in-hospital mortality
rate. This finding is not surprising, considering that
the resources and expertise required for the proper
administration of a thrombolytic drug are less exten-
sive than those required for the proper performance
of angioplasty.

Numerous investigators have reported on the re-
lation between the volume of procedures and the
outcome of elective coronary angioplasty and elective
coronary bypass surgery. Two recent retrospective co-
hort studies have examined the association between
the total volume of patients with myocardial infarc-
tion and outcome, using data from the Cooperative
Cardiovascular Project. Thiemann et al.12 studied the
relation between the volume of Medicare patients
with myocardial infarction treated at each hospital and
survival. These investigators found that patients ad-
mitted to low-volume centers had a 17 percent high-
er risk of death than patients admitted to high-vol-
ume centers. The crude difference in mortality at 30
days between the lowest-volume and highest-volume
hospitals was 2.3 deaths per 100 patients. Chen et
al.13 reported that among Medicare patients with my-
ocardial infarction, admission to hospitals ranked high
on the list of “America’s Best Hospitals” in cardiol-
ogy, published annually by U.S. News & World Re-
port, was associated with a lower 30-day mortality
rate than admission to other hospitals, mainly because
of the higher rates of use of aspirin and beta-block-
ers at the top-ranked hospitals.

Both groups of investigators underscored the po-
tential contribution of the total volume of patients
with myocardial infarction and the use or nonuse of
adjunctive therapies to mortality after myocardial in-
farction. In an analysis adjusted for these factors, we
found an independent association between a higher
volume of angioplasty procedures and lower mortality
among patients who underwent primary angioplasty.
In the future, the wider availability of intracoronary
stents and platelet glycoprotein IIb/IIIa receptor in-
hibitors may make coronary angioplasty easier to per-
form. However, in a study of patients undergoing in-
tracoronary stent placement, the investigators reported
that experience remained one of the most important
predictors of a favorable outcome.5 An accompany-
ing editorial concluded that the volume of procedures
required for competency to perform angioplasty is
also a valid criterion for competency in placing coro-
nary stents.14

Our finding that volume was related to outcome
for primary angioplasty but not for thrombolysis may
have important implications for policy. Our data sug-
gest that primary angioplasty should be considered as
an alternative form of acute reperfusion therapy only
at hospitals where the volume of procedures is suffi-
ciently large for physicians to develop and maintain
their skills. Furthermore, centers with low volumes of

angioplasty procedures should take this factor into ac-
count in developing angioplasty programs and estab-
lish institutional mechanisms to ensure prompt reper-
fusion therapy in patients with myocardial infarction.
Hospitals with low volumes of angioplasty procedures
may be able to improve the outcomes of their pa-
tients and approach the results of higher-volume cen-
ters if they improve the process of care — for example,
by reducing the interval between the patient’s arrival
at the hospital and the performance of angioplasty.
However, all centers must be careful to develop clear-
cut reperfusion protocols in order to minimize inde-
cision in choosing between alternative treatments.

Our study may be limited by its observational de-
sign and the possibility of residual confounding, al-
though its strengths include a large sample and the
use of a wide array of clinical variables in adjusting for
differences in clinical characteristics and important
potential confounders. For self-reported data, there are
always issues involving incomplete responses and the
reliability of data abstracted from medical records.
These issues would be expected to weaken any associ-
ation between volume and outcome. In addition, no
data were available on the number of elective and
emergency procedures performed by individual oper-
ators, the number of interventional cardiologists who
performed primary angioplasty at each center, and
mortality at 30 days. Our findings may be general-
izable to all U.S. hospitals that provide angioplasty and
thrombolytic therapy, and the patients in our study
were of all ages and had all types of insurance. Never-
theless, our results must be interpreted with caution.

We conclude that patients with acute myocardial
infarction who are treated at high-volume angioplasty
centers have a lower mortality rate than patients treat-
ed at low-volume centers and that high-volume cen-
ters perform primary angioplasty faster. There is no
association between volume and mortality among pa-
tients treated with thrombolysis. Our findings support
the statement of the American College of Cardiolo-
gy and the American Heart Association that “primary
PTCA should be used as an alternative to thrombo-
lytic therapy only if performed in a timely fashion by
individuals skilled in the procedure and supported
by experienced personnel in high-volume centers.”15
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REFERENCES

1. Ritchie JL, Maynard C, Chapko MK, Every NR, Martin DC. Associa-
tion between percutaneous transluminal coronary angioplasty volumes and 
outcomes in the Healthcare Costs and Utilization Project 1993-1994. Am 
J Cardiol 1999;83:493-7.
2. Hannan EL, Racz M, Ryan TJ, et al. Coronary angioplasty volume-out-
come relationships for hospitals and cardiologists. JAMA 1997;279:892-8.
3. Jollis JG, Peterson ED, DeLong ER, et al. The relation between the 
volume of coronary angioplasty procedures at hospitals treating Medicare 
beneficiaries and short-term mortality. N Engl J Med 1994;331:1625-9.
4. Kimmel SE, Berlin JA, Laskey WK. The relationship between coronary 

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



1580 · May 25, 2000

The New England Journal  of  Medicine

angioplasty procedure volume and major complications. JAMA 1995;274:
1137-42.
5. Kastrati A, Neumann FJ, Schomig A. Operator volume and outcome of 
patients undergoing coronary stent placement. J Am Coll Cardiol 1998;32:
970-6.
6. Hannan EL, O’Donnell JF, Kilburn H Jr, Bernard HR, Yazici A. Inves-
tigation of the relationship between volume and mortality for surgical pro-
cedures performed in New York State hospitals. JAMA 1989;262:503-10.
7. Peterson ED, DeLong ER, Jollis JG, Mulbaier LH, Mark DB. The ef-
fects of New York’s bypass surgery provider profiling on access to care and 
patient outcomes in the elderly. J Am Coll Cardiol 1998;32:993-9.
8. Rogers WJ, Bowlby LJ, Chandra NC, et al. Treatment of myocardial in-
farction in the United States (1990 to 1993): observations from the Na-
tional Registry of Myocardial Infarction. Circulation 1994;90:2103-14.
9. Canto JG, Rogers WJ, Bowlby LJ, French WJ, Pearce DJ, Weaver WD. 
The pre-hospital electrocardiogram in acute myocardial infarction: is its full 
potential being reached? J Am Coll Cardiol 1997;29:498-505.
10. Every NR, Frederick PD, Robinson M, Sugarman J, Bowlby L, Barron 

HV. A comparison of the National Registry of Myocardial Infarction 2 
with the Cooperative Cardiovascular Project. J Am Coll Cardiol 1999;33:
1886-94.
11. Statistical abstract of the United States. Washington, D.C.: Bureau of 
the Census, 1996.
12. Thiemann DR, Coresh J, Oetgen WJ, Powe NR. The association be-
tween hospital volume and survival after acute myocardial infarction in eld-
erly patients. N Engl J Med 1999;340:1640-8.
13. Chen J, Radford MJ, Wang Y, Marciniak TA, Krumholz HM. Do 
“America’s Best Hospitals” perform better for acute myocardial infarction? 
N Engl J Med 1999;340:286-92.
14. Ryan TJ. Stents: expanding the case for volume minimums in interven-
tional cardiology. J Am Coll Cardiol 1998;32:977-9.
15. Ryan TJ, Anderson JL, Antman EM, et al. ACC/AHA guidelines for 
the management of patients with acute myocardial infarction: a report of 
the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines (Committee on Management of Acute Myo-
cardial Infarction). J Am Coll Cardiol 1996;28:1328-428.

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 


