
The cost:benefit ratio of acute intervention for 
myocardial infarction: Results of a prospective, 
matched pair analysis 

Parallel to the increased acceptance of intervention for acute myocardial infarction, there has 
been a decrease in financial resources and reimbursement. To ascertain the relative cost to 
benefit of intervention, we evaluated 76 matched pairs of acute myocardial infarction patients 
from a prospective data base of 507 consecutive patients presenting with infarction from May 
1966 to July 1967. The pairs were matched for age (mean 61 years), sex (66% male), and infarct 
location (43% anterior). Intervention (thrombolytics and/or percutaneous transluminal coronary 
angioplasty [PTCA)) was only applied to patients at less than 6 hours from symptom onset. 
Nonintervention patients were subsequently considered for angiography and revascularization 
(PTCA, coronary artery bypass grafting [CABG]) based on clinical criteria. Clinical outcome was 
evaluated by in-hospital mortality and uncomplicated status (free of angina, heart failure, or 
arrhythmias) at 72 hours. Intervention was associated with decreased mortality (5.3% versus 
13%, p = 0.16) and increased uncomplicated course (43% versus 19%, p < 0.001) as compared 
with patients not receiving intervention. Hospital procedures for the intervention and 
nonintervention group were as follows: diagnostic cardiac catheterization (99% versus 51%); 
PTCA (60% versus 0%); and CABG (14% versus 19%), respectively. The mean cumulative hospital 
and professional charges were $31,664 for the intervention group and $29,022 for the 
nonintervention group (p = 0.50). In conclusion, despite the potential marked incremental 
expense of technology associated with intervention for acute myocardial infarction, this analysis 
demonstrates that benefit in clinical outcome can be derived without substantially increased 
costs. (AM HEART J 1969; 116:676.) 
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Evidence continues to mount supporting the efficacy 
of early reperfusion therapy with either thromboly- 
sis or angioplasty in the treatment of evolving myo- 
cardial infarction. Several recent, large-scale, ran- 
domized clinical trials have demonstrated decreased 
mortality, improved left ventricular function, and 
limitation of infarct size in patients treated with 
thrombolytic agents. I-7 Angioplasty appears to have 
a limited role in the immediate management of 
myocardial infarction treated with thrombolytic 
therapy.8-10 However, emergency angioplasty may 
ultimately find its place in the treatment of persis- 
tently occluded arteries despite thrombolytic ther- 
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apy, or for such patients with contraindications to 
thrombolytic therapy.l’ 

Despite these improvements in the treatment of 
myocardial infarction, certain disadvantages of reper- 
fusion therapy are evident. These include the incre- 
mental risks of bleeding, recurrent ischemic events, 
and higher technologic costs. The economics of 
reperfusion are especially pertinent in this era of de- 
clining resources and reimbursement. In-hospital 
costs of treatment are related to a variety of factors, 
including professional services, laboratory fees, pa- 
tient mix, complications, and length of hospital 
stay.12 These variables have been evaluated using 
statistical models of treatment strategies with con- 
clusions showing the incremental cost per additional 
survivor.‘“-l6 Vermeer et al.‘” have published calcu- 
lated economic data applying estimated charges, 
comparing standard treatment of infarction to throm- 
bolysis using intracoronary streptokinase and acute 
angioplasty as necessary. However, no prospective 
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cost analysis of intravenous thrombolysis that used 
actual hospital charges in a patient population has 
been performed. Thus the purpose of this study was 
to define the clinical outcome, relative charges, and 
cost per additional survivor in a series of infarct pa- 
tients treated with intervention versus noninterven- 
tion strategies. 

METHODS 
Patient population. All patients presenting to the Uni- 

versity of Michigan Medical Center from May 21, 1986, 
through July 23, 1987, with acute myocardial infarction 
formed the data base in this study.17 Criteria necessary for 
inclusion included onset of symptoms within 24 hours, 
electrocardiographic and/or enzymatic evidence of infarc- 
tion. Enzyme-positive infarction was defined as creatine 
kinase MB fraction greater than 3% of total serum level. 
Patients in the data base included those with in-hospital 
infarction, provided this was not related to coronary 
angioplasty. 

From the total population, a study group was selected, 
based on a matched pair analysis of patients receiving acute 
intervention versus nonintervention therapies. The pairs 
were matched for infarct location, followed by gender, fol- 
lowed by age in order to maximize the number of pairs with 
matched variables. Intervention was only applied to pa- 
tients at less than 6 hours time from symptom onset, and 
was defined as attempted reperfusion using one of three 
methods that were employed on a nonrandom basis. These 
were intravenous thrombolytic therapy alone, direct coro- 
nary angioplasty, or a combination of both. All patients 
having acute intervention had an emergency cardiac cath- 
eterization. 

Decision to perform acute intervention was individual- 
ized; however, entry criteria closely paralleled that of pre- 
viously reported studies83 17: (1) Age less than or equal to 75 
years; (2) Chest discomfort for greater than 20 minutes and 
less than 4 hours, unrelieved by nitroglycerin, or severe, 
ongoing chest pain less than or equal to 6 hours in duration; 
(3) Greater than 1 mm of ST elevation in two contiguous 
electrocardiographic (ECG) leads; (4) No bleeding predis- 
position, recent .trauma, stroke or surgery; (5) No prior 
coronary artery bypass graft (CABG) surgery or previous 
myocardial infarction in the same territory; and (6) Ab- 
sence of cardiogenic shock, as defined by systolic blood 
pressure below 85 mm Hg unresponsive to volume expan- 
sion. 

Clinical outcome between groups was evaluated using 
lo-day mortality and a measure of clinical status at 72 
hours. Patients were considered uncomplicated if none of 
the following were present: (1) angina, defined as rest pain 
lasting more than 20 minutes, associated with ECG changes; 
(2) congestive heart failure, diagnosed by a new require- 
ment for digoxin and furosemide therapy or bibasilar rales 
half way up the posterior fields, or a ventricular gallop; (3) 
systolic blood pressure less than 90 mm Hg; (4) left 
ventricular ejection fraction less than 35 S, as determined 
by left ventriculography or radionuclide angiography; (5) 

higher than Lown class 3 ventricular arrhythmias; and (6) 
high-grade (Mobitz II or third-degree) atrioventricular 
block. 

Hospital and professional charges. All hospital and 
professional charges were prospectively collected from the 
hospital billing records for each patient. These included 
intensive care unit, room, laboratory, nuclear medicine, 
catheterization laboratory, and respiratory therapy 
charges. Medication and subsequent outpatient charges 
were not included. Included in the hospital charges was an 
additional $2,000 for those patients receiving tissue plas- 
minogen activator (t-PA) on experimental protocol. In ad- 
dition, if a patient underwent a procedure purely for 
research purposes only, (e.g., additional functional tests, 7- 
to lo-day follow-up catheterization in an asymptomatic 
patient) these charges were omitted from the analysis. 

Data analysis. Entry of data from the case report form 
was performed by a research assistant with quality control 
provided by the biostatistical staff. Analysis of the data was 
based on a matched pair analysis of intervention and non- 
intervention groups with regard to clinical and economic 
outcome. Comparison was made by chi square or by Fish- 
er’s exact test for discrete variables and by t test or anal- 
ysis of variance for continuous characteristics. Data in text 
or tabulated form are expressed as means + one standard 
deviation. All reported p values are two-tailed. 

RESULTS 

Patient population and types of intervention. A total 
of 507 patients was included in the data base, with 78 
matched pairs drawn from this group for analysis. 
The baseline characteristics of the matched pairs 
were as follows: mean age of 61 years, 68 % male, and 
43% having anterior infarct location. The type of 
reperfusion therapy applied in the intervention group 
consisted of intravenous thrombolysis only in 27 pa- 
tients (t-PA in 23, streptokinase in 4), 14 patients 
underwent coronary angioplasty as the sole method 
of reperfusion, while 34 patients had combined 
thrombolysis followed by angioplasty. No attempt at 
myocardial reperfusion was made in the noninter- 
vention group. The specific reasons included: greater 
than 6 hours of chest pain in 39 patients, age greater 
than 75 years in eight patients, 25 patients had mis- 
cellaneous medical or surgical contraindications to 
intervention, two patients had psychiatric contrain- 
dications, three patients refused, and one patient had 
known coronary anatomy that did not require inter- 
vention. 

Procedures performed and clinical outcome. The di- 
agnostic and revascularization procedures performed 
in the intervention versus the nonintervention group 
were as follows: catheterizations 99 % versus 51% , 
coronary angioplasty 60% versus 0%) and bypass 
surgery 14% versus 19 % . The near 100% diagnostic 
catheterization rate in the intervention group reflects 
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Table I. Results: Cumulative hospital and professional 
charges 

Intervention Nonintemention 
(n = 78) (n = 78) P 

Professional $6,005 t $3,332 $4,899 t $4,220 0.07 
Hospital $25,679 f  $22,995 $24,123 i $20,805 0.66 
Total $31,684 k $25,583 $29,022 ? $23,582 0.50 

Range $10,005-$177,710 $6,078.$140,210 
Median $21,925 $19,249 

Cost/additional survivor = $34,600. 

the treatment protocol of the time, that dictated ur- 
gent catheterization in all patients. Of particular note 
is the 50% of patients in the nonintervention group 
for whom diagnostic catheterization was performed 
during the initial hospitalization. In addition, the 
coronary bypass surgery rates of 14% in the inter- 
vention group and 19% in the nonintervention group 
are comparable to the l-year bypass surgery rates in 
the randomized study of Vermeer et a1.l” Clinical 
outcome was measured by uncomplicated clinical 
status at 72 hours and by lo-day mortality. As would 
be expected from the previously cited trials, patients 
undergoing acute intervention were significantly 
more likely to have uncomplicated clinical status 
(43% versus 19% [p < 0.0011) and improved lo-day 
mortality (5.3% versus 13% [p = 0.161). Coronary 
care unit days and total hospital stay were not signif- 
icantly different between the two groups. 

Hospital charges. The in-hospital charges for each 
matched pair group as obtained from the hospital 
billing records are shown in Table I. The data are 
broken down into total hospital charges and total 
professional charges, in addition to the sum of these 
charges. Although a trend favoring no intervention is 
apparent, no statistically significant difference be- 
tween the two groups is demonstrated. The fact that 
there is no clear cost increase in the intervention 
group despite the incremental expense of throm- 
bolytics and increased usage of procedures (cathe- 
terization and angioplasty) is particularly striking. 
This can be explained at least in part by the less 
complicated course and improved survival in the in- 
tervention group. Using the six additional survivors 
in the intervention group and differential charges of 
$2600, the cost per additional survivor can be esti- 
mated at $34,600. 

DISCUSSION 

Complications of acute myocardial infarction con- 
tribute a substantial proportion to overall cardiovas- 
cular mortality. Recent advances in the early diag- 

nosis and treatment of myocardial infarction have 
clearly demonstrated improved survival and clinical 
outcome. However, a definitive assessment of the 
relative costs and benefits of intervention therapy 
has yet to be put forth. 

Our study, performed with a matched pair analy- 
sis from a large prospectively collected data base of 
patients with acute myocardial infarction, provides 
information on actual costs and clinical outcome. 
These patients were treated primarily with intrave- 
nous thrombolytics, acute catheterization, and elec- 
tive angioplasty. As would be expected from the re- 
sults of previous trials of intervention in acute 
infarction, the intervention group was significantly 
more likely to have an uncomplicated clinical course 
and lower mortality. Analysis of cumulative charges 
for the initial hospital stay demonstrated that inter- 
vention (including more use of catheterization and 
percutaneous transluminal coronary angioplasty 
[PTCA]), did not result in substantially higher total 
costs. Professional charges, however, did approach 
statistical significance but were a relatively minor 
part of the total hospital charges. When we use the six 
additional survivors and excess mean charges of 
$2600 in the intervention group, the cost per addi- 
tional survivor can be estimated at $34,600 which is 
in keeping with the findings of previously published 
studies. 

When interpreting these results, comparison to 
these studies is warranted. Four groups have looked 
at the issue using the cost per additional survivor as 
a measure of the cost-to-benefit ratio. Table II lists 
these studies by author and method by which the cost 
per additional survivor was obtained. The first three 
studies-those of Laffel et al.,‘:< Steinberg et al.,“* 
and Liu et a1.l” are model-based, using assumptions 
for outcome based on published knowledge for type 
of lytic therapy and reocclusion/revascularization 
management strategy. The assumptions include time 
to treatment, thrombolytic efhcacy, myocardium 
salvaged, utilization of angioplasty or bypass surgery, 
and mortality. The estimations were based on pa- 
tients receiving t-PA at 4 hours and full use of angio- 
plasty or bypass surgery for aggressive management. 
Cost estimates in the Laffel et al. and Liu et al. stud- 
ies were based on current hospital charges at their 
institutions. Steinberg et al. used Medicare diagno- 
sis-related group reimbursement (Table III) in their 
model. Estimated cost per additional survivor ranged 
from $56,000 to $73,000. The Vermeer study,‘” that 
used clinical data and procedural usage from their 
randomized trial of intracoronary streptokinase ver- 
sus placebo, with cost estimates calculated retrospec- 
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Table II. Published studies of cost effectiveness of myocardial reperfusion 

First Author Ref no. Derivation Treatment* Cost/additional survivor 

Laffel 
Steinberg 
Liu 
Vermeer 

13 Model 
14 Model 
16 Model 
15 Patient 

t-PA 
t-PA 
t-PA 
IC SK 

$73,000 
$56,900 
$61,000 
$49,000 

t-PA, Tissue-type plasminogen activator; IC, intracoronary; SK, streptokinase; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary 

artery bypass grafting. 
*Treatment strategies include PTCA and CABG. 

tively, demonstrates a similar cost per additional Table III. Diagnosis-related groups (DRGs) and 1988 pay- 
survivor. All are within the range of other generally ment rates related to hospitalizations for acute myocardial 

accepted medical therapies.l*p I9 infarction 

In addition to these estimates of the direct mone- 
tary costs, other factors must be considered that per- 
haps will reflect a “true” cost of intervention. These 
include the benefit to individual patients in terms of 
quality of life and their ability to return to fully pro- 
ductive work. From a societal point of view, improved 
outcomes following acute myocardial infarction are 
likely to result in less work time lost, improved pro- 
ductivity, and diminished supplemental benefits to 
families secondary to partial or total disability or 
death. Finally, the ability of hospitals to support and 
sustain these technological advancements without 
further capital investment comes into question. 

These results raise some very important and con- 
troversial questions. First, why were the total charges 
at our hospital so high, especially in comparison to 
standard diagnosis-related group (DRG) reimburse- 
ment? We believe this reflects the extreme tertiary 
character of our institution with charges for routine 
hospitalization requiring proration for case-mix, 
training program funding, and prevailing local reim- 
bursement patterns. Second, with an ever greater 
proportion of elderly patients, how do we continue to 
provide state of the art care for acute infarction with 
such significant mismatch between actual costs and 
Medicare reimbursement? This question will need to 
be approached from a societal point of view, with ex- 
perts and legislators making value judgments con- 
cerning the cost-to-benefit ratio. Finally, will the 
possibility of expanding eligibility criteria for inter- 
vention, including benefit seen from reperfusion be- 
yond the previously accepted time window of 4 to 6 
hours as reported in the Second International Study 
of Infact Survivors (ISIS-2) trial,2 result in a marked 
change in the cost-to-benefit ratio? Clearly, ongoing 
assessment of cost and benefits, as standard therapy 
for myocardial infarction evolves, will thus be re- 
quired. 

DRG Description FY88 payment rate* 

106 Coronary bypass with $17,771 
cardiac catheterization 

112 Vascular procedures except $6,064 
major reconstruction 

121 Circulatory disorders with $5,504 
AM1 and CV 
complications discharged 
alive 

122 Circulatory disorders with $3,849 
AM1 without CV 
complications discharged 
alive 

123 Circulatory disorders with $4,483 
AMI, died 

FY88,1988 fiscal year; AMI, acute myocardial infarction; CV, cardiovascu- 
lar. 
*Payment rates are Medicare’s fiscal year 1988 hospital payment rates for 

Baltimore metropolitan area hospitals. 

use of a matched pair analysis from a prospective 
data base does not provide the same information as 
a randomized trial with a “control” nonintervention 
group. However, with the documented benefits of 
early reperfusion therapy, such a trial would not now 
be ethically possible. Costs related to the noninter- 
vention group potentially are skewed, as exclusion 
from intervention was based on factors (age, duration 
of infarct, and complicating medical problems) that 
could increase in-hospital costs. In addition, long- 
term clinical outcome and mortality information are 
more relevant to a measure of the cost-to-benefit ra- 
tio than in-hospital data. 

Certain limitations of this study are evident. The 

Despite these limitations of our investigation, sev- 
eral important conclusions can be reached. Interven- 
tion will clearly have a continuing role in the treat- 
ment of myocardial infarction as the significant ben- 
efits on clinical outcome and mortality are well 
defined. The cost-to-benefit ratio, as analyzed by 
modeled studies and clinical trials, appears to be 
within the realm of other generally accepted medical 
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treatments such as dialysis for the treatment of ends, 
stage renal disease and drug therapy for the treat- 
ment of essential hypertension.18, lg Finally, until 
optimal treatment strategies for acute myocardial 
infarction are refined, including decisions concerning 
the type of thrombolytic employed, the time window 
for treatment, the need or lack thereof for early 
catheterization and/or angioplasty,8, lo, 20 and the 
timing of hospital discharge following myocardial in- 
farction in selected patient groups,17 the true cost- 
to-benefit ratio of intervention will remain elusive. 
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