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Summary 

Buckgvuund: Prior studies have suggested that in-hospital 
availability may be an important determinant for the use of in- 
vasive cardiac services; however, whether this association is 
influenced by payer status remains unclear. 

Hypothesis: The interaction of payer status and the on-site 
availability of coronary arteriography is associated with in- 
creased utilization of this procedure. 

Methods: In-hospital availability and utilization of coro- 
nary artenography was ascertained in 275,046 patients with 
acute myocardial infarction (AMI) enrolled in the National 
Registry of Myocardial Infarction 2 from June 1994 to April 
1996. Logistic regression analyses were performed to deter- 
mine the association between the on-site availability of cardiac 
catheterization at the initial hospital and subsequent utilization 
of coronary arteriography. Similar analyses were performed 
within Medicare, Medicaid, Commercial, Health Mainten- 
ance Organization (HMO), and Uninsured payer groups. 

Results: Patients initially admitted to hospitals having on- 
site cardiac catheterization facilities were almost twice as like- 
ly to receive coronary arteriography as patients admitted to 
hospitals without such facilities and later transferred out [un- 

The National Registry of Myocardial Infarction 2 is supported by 
Genentech, Inc., South San Francisco, California. 

Address for reprints: 

John G. Canto, M.D., MSPH 
328 THT Bldg. 
UAB Medical Center 
Birmingham, AL 35294, USA 

Received: July 31, 1998 
Accepted with revision: December 2, 1998 

adjusted odds ratio (OR) = 1.69,95% confidence interval (CI) 
1.66-1.73,p<0.0001; adjustedOR=2.08,95% CI 2.01-2.15, 
p < O.OOOl]. Furthermore, this relationship of increased uti- 
lization with greater availability was evident within each pay- 
er group, but was highest among those with Commercial in- 
surance and lowest among Medicaid recipients: [Commercial 
insurance (OR=2.19,95% CI2.07-2.31, p<O.OoOl); Ilnin- 

= 1.67,95% CI 1.54-1.82, p<O.OOOl); Medicare 1.60,95% 
CI 1.55-1.64,p<0.0001);Medicaid(l.46,95% CI 1.29-1.65, 

Conclusions: Our results show a strong association between 
in-hospital availability and subsequent utilization of invasive 
cardiac procedures following AM1 among all patients, but the 
strength of these associations varied among payer status. 

sured(OR= 1.74,95%CJ 1.57-1.92,~<0.0001)~ HMO(0R 

p < O.Oool)]. 

Key words: acute myocardial infarction, coronary arteriogra- 
phy, health insurance, payer status 

Introduction 

The increased utilization of expensive high-technology 
procedures is of concern to health policy makers and has 
contributed significantly to U.S. health care costs.' In an era 
that has seen a dramatic rise in the utilization of such re- 
sources, more than 952,000 coronary angiography proce- 
dures, 398,000 angioplasties, and 485,000 coronary 'artery 
bypass surgeries (CABG) are being performed in the U.S. 
each year.* Prior studies have shown that in-hospital avail- 
a b i l i t ~ ~ - ~  may be an important determinant of invasive car- 
diac services use in the management of acute myocardial in- 
farction (AMI), and only through better understanding of the 
factors that impact the utilization of such resources may it be 
possible to attenuate the escalation of their costs. 

Today, a minority of hospitals in the U.S. provide high- 
technology cardiac services. Recent figures repoit that 42% of 
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U.S. hospitals offer coronary angiography and 28% offer 
CABG.7 Although many patients with AM1 may present to 
hospitals that do not have a full complement of cardiac ser- 
vices, prior studies have suggested that patients may not nec- 
essarily be referred to another hospital to be considered for an 
invasive pr~cedure .~ ,~  The utilization of invasive cardiac pro- 
cedures is being ascertained in the ongoing National Registry 
of Myocardial Infarction 2 (NRMI 2), a voluntary database 
that has enrolled over one-quarter million patients with AMI. 
The purpose of this analysis is to ascertain from NRMI 2 whe- 
ther there is a relationship between the utilization of cardiac 
procedures and the on-site availability of those services for 
patients with AMI. An additional aim of this study is to deter- 
mine the interaction of payer status and the hospital availabil- 
ity of cardiac catheterization on the usage of this procedure. 

Methods 

ferred-out patients may have received these procedures on ar- 
rival at a second hospital. Though follow-up data were not 
available after the transferred-out period, comprehensive data 
were available among transferred-in patients during both the 
initial and latter hospitalization periods. Furthermore, transfer 
status for each subject was known. Therefore, by making cer- 
tain assumptions regarding the likelihood that a transferred-out 
subject was to receive an invasive procedure, we can evaluate 
the impact of these assumptions on our results. 

A conservative imputation method that assumed that all 
transferred-out patients received coronary arteriography was 
utilized for transferred-out patients to determine the likelihood 
of receiving coronary arteriography based upon the capability 
of the presenting hospital type (those with on-site coronary ar- 
teriography versus no on-site coronary arteriography facility). 
For this imputation, a logistic regression analysis was then per- 
formed to determine whether associations existed between the 
usage of coronary arteriography and its availability among all 
patients and each payer group. 

Patient Population and Hospital Information 
Five Payer Groups 

The National Registry of Myocardial Infarction is a multi- 
center, voluntary database designed to collect, analyze, and 
report cross-sectional data on patients admitted with myocar- 
dial infarction (MI) at participating hospitals.* Data from each 
enrolled patient are entered onto a two-page case report form 
by trained chart abstractors and forwarded to ClinTrials Re- 
search, Inc. (Lexington, Ky.). Double key data entry and 87 
electronic data checks are routinely performed by the data 
collection center to help ensure the accuracy, consistency, and 
completeness of the data. Inaccurate and internally inconsis- 
tent case report forms are excluded from analysis and are re- 
turned to the principal hospital site for additional review and 
correction. Hospitals are strongly encouraged to enroll all pa- 
tients diagnosed with AM1 consecutively. Confirnation of 
AM1 is based on at least one of the following criteria: (1) a to- 
tal creatine kinase (CK) or CK-MB greater than or equal to 
twice the upper limits of normal; (2) electrocardiographic 
(ECG) evidence indicative of AMI; (3) alternative enzymat- 
ic, scintigraphc, or autopsy evidence indicative of AMI; (4) 
implantable cardioverter-defibrillator (1CD)-9 CM diagnosis 
code of410.Xl. This study reports the findings from 1,388 
hospitals that enrolled 275,046 patients with AM1 into the 
NRMI 2 during the period of June 1994 to April 1996. 

Analysis 

The primary objective in this analysis was to study the asso- 
ciation between the utilization of an invasive cardiac procedure 
and its availability. The best statistical design to answer this 
question is to perform a stratified or logistic regression analy- 
sis by patients who presented to hospitals with and without on- 
site coronary arteriography laboratories. However, these types 
of statistical analyses were not directly possible due to the fact 
that the NRMI 2 did not track patients after hospital transfer. 
Thus, the true post-MI usage of coronary arteriography in 
these patients cannot be stated with certainty because trans- 

The primary payers were the following: Commercial/Pre- 
ferred Provider Organizations, Health Maintenance Organiza- 
tions (HMO), Medicare, Medicaid, and Uninsured. Excluded 
from this analysis were patients whose payer status was classi- 
fied as VNChampus (< 1% of total) and those whose payer 
status was unknown (8% oftotal). 

Statistical Methds 

Logistic regression analyses were performed on the impu- 
tation method (described above) to determine whether the 
availability of coronary arteriography was associated with an 
increased likelihood of receiving this procedure for ( I )  the 
overall study sample; (2) each payer group; and (3) among 
higher-risk patients with recurrent ischemia, recurrent infarc- 
tion, Killip class III and IV, ejection fraction < 40%, sustained 
ventricular tachycardia or ventricular fibrillation [which are 
American College of Cardiology/American Heart Association 
(ACUAHA) Class I and IIarecommendations for proceeding 
with an invasive cardiac evaluation]. Finally, a multivariate lo- 
gistic regression analysis was performed on the imputation 
method (described above) to ascertain whether the presence of 
an on-site catheterization laboratory at the initial hospital was 
an independent predictor of receiving coronary arteriography. 
Variables included in the adjusted model were as follows: de- 
mographic and baseline characteristics (age as a continuous 
variable, race, gender, payer status, U.S. region), past medical 
history (MI, angina, congestive heart failure, coronary angio- 
plasty, CABG, stroke), cardiac risk factors (diabetes, hyper- 
tension, hypercholesterolemia, smoking, and family history of 
coronary artery disease), presenting characteristics (initial 
ECG, chest pain on presentation, Killip class, blood pressure, 
pulse, infarct type and location), and the on-site availabibky of 
coronary catheterization laboratory. All statistical analyses 
were performed with SAS 6.10 statistical package programs 
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(SAS Institute, Inc., Cary, N.C., USA). This report is based on 
information processed by the central datacollection center as 
of April 30, 1996. 

Results 

Imputations for Patients Tmnsferred Out 

A conservative estimate, which assumed that all transfer- 
red-out patients received coronary arteriography, showed that 
the likelihood of undergoing coronary arteriography was al- 
most two times higher when patients were initially admitted to 
hospitals having on-site facilities than to hospitals without 
such facilities and later transferred out (OR = 1.69, 95% CI 
1.66-1.73,p<0.0001). 

Furthermore, when this more conservative imputation was 
applied to each payer group (Table I), this relationship of in- 
creased utilization with greater availability was evident and 
was highest among those with Commercial insurance and 
lowest among Medicaid recipients: [Commercial insurance 
(OR = 2.19,95% CI 2.07-2.3 1, p < O.OOO1); Uninsured (OR = 
1.74,9S%CI 1.57-1.92,p<O.o001);HMO(OR= 1.67,95% 
CI 1.54-1.82, p<O.OOOl); Medicare 1.60,95% CI 1.55-1.64, 
p<O.OOOl); Medicaid(l.46,9S%CI I .29-1.65,p<0.0001)]. 

TABLE I Likelihood to receive coronary arteriography by initial 
presenting hospital capability: Imputation by payer status a 

Cath lab available 
Payer group + - pValue OR 95%CI 

All 
Cath, n 112,133 21,443 0.001 1.69 1.66,1.73 
N o  &th, n 64,7 1 I 20,955 

Cath, n 32,819 6,122 0.001 2.19 2.07,2.31 
NoCath, n 5,841 2,387 

Cath, n 44,983 8,633 O.OOO1 1.60 1.55,1.64 
No Cath, n 45,010 13,788 

Cath, n 6,714 1,392 0.001 1.74 1.57,1.92 
NoCath,n 2,136 769 

Cath. n 11,533 1,920 0.001 1.67 1.54,1.82 
N o  Cath, n 3,867 1,078 

Cath, n 3,216 658 O.OOO1 1.46 1.29,1.65 
NoCath,n 2,027 604 

Commercial 

Medicare 

Uninsured 

HMO 

Medicaid 

a This imputation assumed that all transferred-out patients received 
coronary arteriography. For example, among all payer groups (row 1) 
who presented to hospitals with no cath lab on site (column 3), 21,443 
were transferred-out patients, and all these patients were assumed to 
have received coronary arteriography; and another 20,955 were not 
transferred out and did not receive coronary artenography. 
Abbreviations: n =number of patients, OR =odds ratio, CI = confi- 
dence interval. 

When the imputation method was restricted to patients with 
recurrent ischemia, recurrent infarction, Killip class 111 and [V, 
ejection fraction < 40%, sustained ventricular tachycardia. or 
ventricular fibrillation (which are ACC/AHA Class 1 and Ila 
recommendations for proceeding with an invasive cardiac 
evaluation), patients initially admitted to hospitals having on- 
site facilities were still almost 1.6 times more likely to undeigo 
coronary arteriography than when initially admitted to hospi- 
tals without such facilities and later transferred out (OR = 1 .h5, 
95% CI 1.60-1.70, p < 0.0o01). Conversely, patients initially 
admitted to hospitals without on-site facilities were 39% less 
likely to be transferred to a secondary hospital to receive coro- 
nary arteriography (despite ACC/AHA guidelines that recom- 
mend proceeding with an invasive cardiac evaluation) than 
when initially admitted to hospitals with such facilities (OR = 
0.61,95% CI 0.59-0.63, p < O.ooO1). 

When this imputation was stratified by payer status and re- 
stricted to these same high-riskpatients, those initially admit- 
ted to hospitals having on-site facilities were more likely to re- 
ceive coronary arteriography for each payer group (Table II), 
and this was highest among those with Commercial insurance 
(OR=2.01,95%CI 1.85-2.18,p<0.0001),andlowest among 
Medicaid (OR = 1.31, 95% CI 1.10-1.57, p = 0.003) and 
HMO(OR= 1.49,95%CI 1.31-1.69,p<0.0001)patients. 

Finally, a multivariate logistic regression analy5ic was per- 
formed using a conservative estimate (which again assumed 

TABLE II Likelihood to receive coronary arteriography by initial 
presenting hospital capability: Imputation by payer statushigh risk ( I  

Cath lab available 
Payergroup + - pValue OR 95%CI 

All 
Cath, n 55,510 
No Cath, n 37,485 

Cath, n 14,398 
No Cath, n 2,82 1 

Cath, n 25,012 
No Cath, n 27,418 

uninsured 
Cath, n 3,156 
No Cath, n 1,029 
HMO 
Cath, n 5,250 
No Cath, n 1,866 

Cath, n 1,654 
NoCath,n 1,126 

Commercial 

Medicare 

Medicaid 

9,719 0.cOOl 1.65 1.60, 1.70 
10,808 

2,546 O.OOO1 2.01 1.85,2.18 
1,001 

4,318 0.oOol 1.64 1.58, 1.71 
7,688 

570 0.oOol 1.67 1.43. 1.95 
310 

832 0.001 1.49 1.31, 1.69 
441 

304 0.003 1.31 1.10, 1.57 
272 

“This imputation assumed that all transferred-out patients received 
coronary arteriography. For example, among all payer groups (row I ) 
who presented to hospitals with no cath lab on site (column 3), 9,7 I9 
were transferred-out patients, and all these patients were assumed to 
have received coronary arteriography; and another 10,808 were not 
transferred out and did not receive coronary arteriography. 
Abbreviations as in Table I. 
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that all transfen-ed-out patients received coronary arterio- 
graphy) to ascertain whether the presence of an on-site cath- 
eterization laboratory at the initial hospital was an independent 
predictor of receiving coronary arteriography. Results are de- 
picted in Table III, and after adjusting for age, comorbidities, 
and other potential confounders, patients who were initially 
admitted to hospitals having on-site facilities were over two 
times as likely to undergo coronary arteriography than when 
initially admitted to hospitals without such facilities and later 
transferred out (OR = 2.08,95% CI 2.01-2.15, p<O.OOOl). 
The presence of an on-site catheterization facility was among 
the strongest prdctors of receiving coronary arteriography. 

Discussion 

study, our results are more likely to reflect true practice pat- 
terns seen in the community. Coronary arteriography is a 
valuable technology for identifying high-risk patients with 
AM1 who may benefit from further revascularization proce- 
dures (coronary angioplasty and CABG). However, nondis- 
criminate use may contribute to significant economic costs. 
Our results show a very strong association between in-hospi- 
tal availability and subsequent utilization of coronary arteri- 
ography, but the strength of these associations varied among 
payer status. 

Cause and Effect: W h y  May There be a Correlation 
between Procedure Utilization and On-Site Availability 
of High-Technology Facilities? 

General Comments 
Such associations seem plausible for several reasons. First, 

resource utilization of a technology may be influenced by fi- 
nancial incentives. Physicians may increase case volume to 

This analysis is enhanced by the large number of patients 
treated with AMI. Also, given the observational nature of our 

TABLE III Multiple logistic regression model for likelihood to receive cardiac CATH 

Variable 

95% CI 

OR Lower limit Upper limit I, Value 
History of heart failure 0.5 1 0.49 0.53 < 0.00 I 
Medicaid vs. Commercial 0.53 0.49 0.57 < 0.00 I 
History of stroke 0.59 0.56 0.62 < 0.00 I 
Killip class IV vs. I 0.61 0.55 0.67 < 0.00 1 
Black 0.68 0.65 0.72 < 0.00 I 
Killipclass IIvs. I 0.69 0.67 0.72 < 0.00 I 
Killipclass m vs. I 0.71 0.67 0.74 < 0.00 1 
Previous myocardial infarction 0.76 0.74 0.78 <0.001 
HMO vs. Commercial 0.82 0.77 0.86 < 0.00 I 
Hispanic 0.83 0.77 0.90 <0.001 
Q wave 0.83 0.81 0.86 < 0.00 1 
Medicare vs. Commercial 0.89 0.86 0.93 < 0.00 I 
Smoker 0.90 0.88 0.93 <0.001 
Native American 0.91 0.75 1.12 < 0.00 I 
History of CAl3G 0.92 0.89 0.96 < 0.00 1 
Diabetes 0.92 0.90 0.94 <0.001 
Age (continuous variable) 0.94 0.93 0.94 < O.(N I 
Asian-Pacific Islander 0.96 0.84 1.10 0.59 
tininsured vs. Commcercial 0.98 0.84 1.13 0.77 
Pulse 0.99 0.99 0.99 < 0.00 1 
Blood pressure 1.00 I .00 1 .00 < 0.00 I 
History of angina 1 .OO 0.97 1.03 0.95 
Hypertension 1.06 1.03 1.09 < 0.00 I 
ST elevation 1.16 1.12 1.19 <0.001 
Male 1.27 1.23 1.30 < 0.001 
Hypercholesterolemia 1.37 1.33 I .41 <0.001 
Chest pain 1.90 1.84 1.96 <0.001 
History of coronary angioplasty 1.64 0.56 1.73 < 0.00 1 
On-site availability CATH lab 2.08 2.02 2.15 < 0.00 1 

Region, MI location were also included into multivariable model. 
Abbreviations: CI = confidence interval, OR = odds ratio, CABG = coronary artery bypass graft, CATH = catheterization, MI = myocardial 
infarction. 
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justify and support overhead expenses. Some have suggested9 
that hospitals may have an economic incentive to build more 
cardiac catheterization fac es because they may be prof- 
itable. Second, a technology that is easily accessible is more 
likely to be utilized. Although there are widely accepted indi- 
cations for coronary arteriography in the post-MI period, there 
are still many conditions for which there is conflicting evi- 
dence and/or divergence of opinions about the usefulness of 
coronary arteriography after MI, such as performing coronary 
arteriography in all patients after MI, in all non-Q wave MIS, 
or in those with prior revascularization. lo  It is conceivable, 
where no consensus agreement exists, that the favored method 
of initial reperfusion therapy or risk stratification may be influ- 
enced by the capabilities of the presenting hospitals. A more 
conservative approach with noninvasive work-up may be pur- 
sued, especially if no on-site cardiac catheterization facility is 
available. Likewise, a more invasive style of management 
may be performed if the invasive technology is easily accessi- 
ble. Third, some have argued that a more aggressive style of 
risk stratification may shorten hospital stay by promoting dis- 
charge of low-risk patients earlier or by identifying high-risk 
patients sooner." If this proves to be the case, greater usage of 
coronary arteriography in the postinfarct period may be advo- 
cated by some care providers, especially if that service is read- 
ily available. 

A direct comparison among hospitals with and without car- 
diac procedure availability was limited by the fact that NRMI 
2 did not collect continuous, follow-up data on those patients 
who were transferred to other hospitals. However, if we as- 
sumed that all transferred-out patients received coronary arte- 
riography, those initially admitted to hospitals with on-site 
cardiac catheterization facility were still almost two times 
more likely ultimately to receive coronary arteriography as 
those without on-site capability. Similarly, this association 
was even stronger after controlling for potentially important 
confounding factors such as region, age and other demograph- 
ics factors, co-morbidities, cardiac risk factors, and clinical 
presenting characteristics. This imputation represented a very 
conservative estimate, and the true point estimate (odds ratio) 
will be likely higher as it would be unlikely that every trans- 
ferred-out patient will have received coronary arteriography. 

Although higher utilization of coronary arteriography 
among hospitals with on-site cardiac catheterization facilities 
appears evident, lower utilization of this technology among 
hospitals without on-site cardiac catheterization facilities was 
also seen. For example, among patients who met Class I or IIa 
ACC/AHA recommendations for proceeding with an invasive 
strategy of post-MI risk stratification, those who were initially 
admitted to hospitals without cardiac catheterization facilities 
were almost 50% less likely to be transferred to a secondary 
hospital to receive an invasive cardiac procedure (compared 
with those who initially presented to hospitals with state-of- 
the art technologies). The Myocardial Infarction Triage Inter- 
vention (MITI) registry, which can track patients transferred 
from one institution to another, has also reported that, among 
those who presented to hospitals without an on-site catheteri- 
zation laboratory, generally lower-risk patients rather than 

higher-risk patients were being transferred out." However. 
their (MITI) data suggested that a conservative, less itivasivc 
treatment approach was not necessarily associated with any 
increase in long-term mortality, although this was not ii ran- 
domized study. 

Although payer status has been previously shown to be a11 
important determinant of the use of coronary angiography 
post-MI (limited to patients < 65 years old and to those who 
presented to large, tertiary care hospitals), l 3  the NRMI 2 data 
suggest that on-site availability of a high technology proce- 
dure is associated with increased use, regardless of payer xta- 
tus. A consistent relationship between service nvailubility 
and subsequent in-hospital utilization was cvident atnorip 
each of the five payer groups studied, although the strength of 
these associations varied among the payer groups. For cxm-  
ple, this association was highest in the Commercial group, 
whose physicians may have a strong economic incentive to 
perform a more expensive strategy of risk stratification, and 
this group was also the more likely than other groups to uti- 
lize this more costly procedure when it was available. Con- 
versely, this association was generally lower in Medicaid. 
and Medicaid reimbursement for many medical procedures 
is frequently lower compared with other payer groups. 
Although speculative, these analyses by payer group suggest 
that economic considerations among Medicaid and Com- 
mercial groups may contribute to the degree of differences 
observed among payer groups. 

Prior Studies 

Three prior analyses have shown a strong relationship be- 
tween availability and usage of invasive cardiac procedures 
for patients with AMI. Blustein4 reviewed the I986 adminis- 
trative data from New York State and concluded that the avail- 
ability of cardiac services in the hospital to which a patient in- 
itially presented significantly influenced the likelihood of 
receiving coronary arteriography, coronary angioplasty. and 
CABG. Likewise, Every e t d 3  found that MITI registry pu- 
tients admitted to hospitals with on-site cardiac cathetcriz;i- 

es were far more likely to undergo angiography 
than patients admitted to hospitals where transfer to another 
institution would be required to perform cardiac catheteriza- 
tion. Furthermore, they found that admission to a hospital with 
on-site facilities was more strongly associated with the use of 
coronary arteriography than any other characteristic of the pa- 
tient. Finally, Pilote et ~ 2 2 . ~ 3 ~  in the GUSTO I trial found that 
the regional use of cardiac procedures was closely correlated 
with their availability among the U.S. census regions, except 
in New England. Though each of the above three studies are 
in accord with our results, the NRMI 2 database is unique be- 
cause it is much larger (seven times the number of enrollees of 
all three prior studies combined), more inclusive (thronibolyt- 
ic- and nonthrombolytic-treated patients, non-Q-wave and Q- 
wave infarctions), and broader-based to reflect contemporary, 
real-world practice patterns among all 50 states. 

Other analogous situations have shown correlations be- 
tween medical availability and service use. Higher patient- 
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referrals for x-rayst4 are seen if radiographic capabilities are 
present in the doctor's office. Physician visit rates reflect the 
local concentration of  physician^,^^. l6  surgery rates reflect the 
density of surgeons,17 and CABG rates parallel the regional 
availability of cardiologists.18. l9 Increased numbers of physi- 
cians and hospital beds have led to greater use of medical ser- 
vices.20 Thus, our results are consistent with prior studies of 
AMI management and other similar cases, which have shown 
a correlation between availability and use of different medical 
technologies. 

Limitations 

As already mentioned, the major limitation of this analysis 
was that the NRMI 2 did not provide longitudinal follow-up 
once patients were transferred out to another institution. 
However, given the conservative nature of our imputations, 
which support a relationship between service availability and 
service usage of invasive cardiac procedures, the validity of 
our analysis is not likely compromised. Though some pa- 
tients who presented to noninvasive hospitals received an out- 
patient cardiac catheterization and may have been initially 
discharged home, this practice probably occurs to a smaller 
extent in some areas of the U.S. and is unlikely to diminish the 
strength of our associations si&icantly (statistically). Other 
limitations may include a selection bias whereby patients 
who preferred the latest in state-of-the-art care may have pre- 
sented to hospitals with a wider complement of cardiac ser- 
vices and greater concentration of cardiologists. Also, criti- 
cally ill patients may have been directly referred to cardiac 
centers with on-site cardiac facilities. 

Furthermom, NRMI 2 tends to represent the larger hospitals 
compared with nonregistry hospitals.* Although collectively 
the NRMI 2 represents almost one quarter of all acute care 
hospitals in the U.S., the smaller hospitals without catheteriza- 
tion facilities in the NFWl2 may not be necessarily represen- 
tative of all such hospitals, and therefore our findings may not 
be generally applicable to all hospital types. 

Conclusion 

A potential causal relationship between service availability 
and service usage of invasive cardiac procedures may be im- 
plied from this analysis of over one-quarter of a million pa- 
tients in the National Registry of Myocardial Infmtion 2. The 
data (1) demonstrate a significant association between avail- 
ability and usage among all patients regardless of payer group, 
although the strength of these associations varied among pay- 
er status; and (2) are consistent with prior studies from smaller 
reports. However, the proper rate for service utilization re- 
mains largely unknown. Further studies may need to deter- 
mine whether the cost/benefit ratio of greater utilization of 
high technological procedures improves long-term survival 
and quality of life. 
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