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ABSTRACT

COMPARISON OF THROMBOLYTIC THERAPY TO ANGIOPLASTY FOR

TREATMENT OF ACUTE MYOCARDIAL INFARCTION

by Joy E. Morris

Two commonly used treatments for acute myocardial infarction were compared
by meta-analysis. Given two similar study populations, treatment was evaluated for
safety and efficacy by analyzing the equality between the two populations, using chi
square analysis. The criteria for treatment success were measured in: 1) time to
reperfusion, 2) survival past one year, and 3) adverse events or complications.
Reperfusion success was measured in minutes from onset of entrance to the emergency
room until time to relief of symptoms. Survival, adverse events, or complications were
analyzed individually.

The time to relief of symptoms for Global Utilization of Streptokinase and Tissue
Plasminogen Activator (GUSTO) was on average 360 minutes versus Primary
Angioplasty Registry (PAR) at 27.6 minutes. The GUSTO patients were found to be at
higher risk for ischemia and stroke due to the delay in time to achieving patency of the

vessels.
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L. Introduction:

Myocardial infarction is one of the leading causes of death in the United States;
60% of afflicted people die within the first hour (23). Those who survive need immediate
treatment or their condition usually deteriorates. The typical patient entering an
emergency room with acute myocardial infarction (AMI) often presents with intolerable
crushing chest pain or referred pain in the extremities. Without treatment the pain
continues and infarction and necrosis become substantial. Myocardial infarction occurs in
the heart uissue near blocked coronary arteries. An obstruction in a coronary artery can
impede oxygen transportation to the cardiac tissue leading to tissue necrosis (infarct).
Immediate treatment is crucial to assure recovery from AMI with the fewest
complications.

Arteriosclerosis is a common arterial disorder characterized by the thickening,
loss of elasticity, and calcification, of arterial walls. Atherosclerosis is characterized by
plaques of cholesterol, lipids, and cellular debris in the inner layers of the arterial walls
(20). Plaque within the arteries is complicated by platelet aggregation, thrombus
formation and spasm. Conditions and prognosticating habits which are correlated with
arterial wall damage include: high blood pressure, smoking, poor diet, and lack of
exercise. Currently, a coronary infarct patient receives a variety of treatments; two of the
most common treatments are 1) dilatation of the infarcted or occluded artery or arteries
(balloon angioplasty), and 2) drug therapy to lyse the thrombus obstructing the artery

(thrombolytic therapy).



In angioplasty the coronary artery is accessed via the femoral or brachial artery
through the aorta into the coronary ostium. The obstructed artery is visualized with a
fluoroscope system and radiopaque medium. A small balloon catheter is tracked to the
area targeted for dilation. The balloon is inflated for up to several minutes to compress
the obstructive material and create a larger lumen for better blood flow. This procedure
disrupts the cellular surface of the vessel walls. In some people this disruption can
stimulate production and proliferation of the smooth muscle tissue lining the vessel wall
which recreates a narrowing of the lumen called restenosis. Restenosis is one of the
potential adverse consequences of angioplasty (11, 23).

Thrombolytic therapy is treatment with drugs such as streptokinase or tissue
plasminogen activator (t-PA) which act specifically to lyse thrombin, thus preventing
fibrin (a key element of thrombus) from accumulating. The use of these drugs include
risk of reocclusion, reinfarction, recurrent ischemia, and hemorrhage (intracranial stroke
being the more disabling) (30). It should be noted that some of these same risks are also
found with angioplasty. Doctors treating patients with thrombolytic regimens attempt to
find the most effective combination of thrombolytic and anti-coagulation medications and
administer them as early as possible. At times, thrombolytic therapy fails to achieve
patency of the infarct-related artery: this decreases the survival outcome. In turn, early
patency is associated with improved prognosis (28).

There have been many medical studies on the different treatments available to

treat AMI patients today. Deciding which treatment is the safest and most effective is left
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to the physician discretion. Muller and Topol (21) conducted a study of 288 patients who
were treated conservatively with thrombolytic therapy. Subjects were observed closely
for four days post treatment. Nineteen percent required urgent cardiac catheterization
within twenty-four hours, and another 26% required cardiac catheterization within the
next four days. Through multiple regression analysis they found that age and location of
the AMI were the primary influences resulting in urgent catheterization. They also found
that different thrombolytic therapy treatments influenced the outcomes of these patients.

Thrombolytic therapy has been studied extensively, evaluating dosing and time, to
ascertain the most effective administration of anti-coagulants. Sleight (30), in an
independent study of thrombolytic therapy evaluating the impact of age and gender,
found the mortality rate for elderly female patients was higher than that of men. This was
verified by Weaver et al. in a study which compared women and men in treatment for
myocardial infarction with thrombolytic therapies (34).

The interventional cardiologist must analyze each patient’s condition to decide on
the safest course of treatment. Previous studies of these interventional treatments were
designed to aid in understanding the mechanisms leading to reperfusion. The goal of
each treatment is to effectively and quickly relieve the patient of symptoms. The
treatment should establish adequate blood flow in the shortest period of time with
freedom from side effects. Inadequate initial myocardial reperfusion in patients with
cardiac failure may necessitate further reperfusion treatment, thus increasing the potential

for cardiac rupture or increased risk of intracranial hemorrhage.
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When considering interventional treatments several questions surface. For
patients treated within the first 24 hours, long term outcomes are an indication of efficacy
(2,21,22). Which treatment is the safest and most effective for acute myocardial
infarction, angioplasty or thrombolytic therapy? The implications of early rather than late
treatment must be considered. Assessment of the efficacy of thrombolytic therapy versus
angioplasty can be made through evaluation of relative frequencies of occurrences of
adverse events such as repeat MI, emergency surgery, or death.

There are many variables that can affect the outcome of the AMI patient. Yusuf
et al. (36) reviewed 33 randomized controlled trials for thrombolytic therapy. It was
shown that failure to achieve reperfusion resulted in 10 - 30% reocclusion. Yusuf et al.
made the point that other contributing factors must be considered, such as anatomic
characteristics and the lesion residual; they also demonstrated that time to treatment is an
important concern (18,36). Yuhji et al. in Japan confirmed the inﬂuénce of anatomic
characterization, showing that rupture of atherosclerotic plaque was present in over 50%
of the infarct-related arteries. which can influence reocclusion and prognosis (28,33).

O’Neill, a principal investigator for the PAR angioplasty registry, proposed doing
a large scale clinical trial to compare angioplasty with thrombolytic therapy (9,23). This
direct comparison of angioplasty and thrombolytic therapy has never been performed,
thus necessitating the type of analysis performed in this paper.

“Clinical Trials™ are conducted to establish safety and effectiveness for drugs and

medical therapies before Food and Drug Administration (FDA) approval. These trials



occur in the United States and in other countries in order to obtain population diversity.
The FDA regulations and guidelines were developed to assure study validity and to
protect the patient. Medical research companies sponsor these trials to gain FDA
approval and subsequently to market their products.

The clinical trials used in evaluating drugs and therapies are done in three phases.
In phase I, the primary focus is to obtain safety information related to complications and
side effects in humans. Information obtained prior to phase [ is usually obtained from
animal studies. In phase I, a few human patients are selected for study. It is here that the
first side effects may be noticed. Phase II is still safety oriented, yet constructed to look
more at doses and time, and how well the treatment works (7). Phase III trials involve a
large number of patients and many different study sites. This final phase is conducted to
obtain statistical significance for marketing approval. Controls must be included to take
intc censideration any placebo effect. At times it is necessary to blind the investigators to
the treatment being administered so as not to bias the information being gathered.

After phase testing and approval, post market studies are conducted to understand
more about study treatment benefits and side effects or adverse events. These studies
have fewer controls, and data can be less reliable.

This paper compares two phase II clinical trials of primary immediate treatments
tor acute myocardial infarction (AMI). The factors to be considered when comparing two

primary treatments for evaluation are safety and efficacy. Therapeutic safety and efficacy



will be examined for acute (AMI occurring less than 30 days) and non-acute (AMI

occurring greater than 30 days) patients over a time period no longer than 365 days.

II. Methods

Two phase III clinical trials provided data for this project: the Primary
Angioplasty Registry (PAR) (23), and a thrombolytic trial, Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Occluded Arteries (GUSTO) (14).
The hospitals across the United States that participated used an Investigational Review
Board (IRB) to evaluate and qualify patients to participate in the studies by meeting
criteria set by the “research institute” and study sponsor. Once a hospital became a
participant, patients were selected according to the study criteria through the use of a
questionnaire. When the patients met the entrance criteria, they were enrolled in the study
and all data relating to the patients, their treatment, and clinical outcomes, including a
follow-up survey, were sent to the sponsor. In the angioplasty and thrombolytic trials, the
data were sent to Duke University for analysis and archiving (14). The patients’ identities
were kept confidential. The data used for the current project was limited to hospitals in
the United States (n = 271 patients in the angioplasty study, and n=310 patients in the
thrombolytic study).

[n the angioplasty and thrombolytic clinical trials the patients presented with
symptoms of myocardial infarction. Diagnosis included electrocardiography. If the

patient showed elevated ST segments, the hospital staff considered the person a potential



candidate for the clinical trial (4). Patients entered in a trial reflect a combination of
clinical features, such as family history for coronary artery disease or high blood pressure,
which influence prognosis. To assess risk, these factors must be appropriately weighted.
Although a few variables contain most of the prognostic information, other variables
contribute independent prognostic information such as age and gender (14).

The variables that were collected on the patients in the thrombolytic and
angioplasty studies were not identical because of the intended differences in treatment
and different corporate sponsors. This restricted the number of variables when comparing
angioplasty versus thrombolytic clinical trials. Not all variables were used in the current
analysis; for example, the blood pressure taken upon admission to the hospital is not a
reliable means of determining clinically defined hypertension. Bias may be introduced
by obtaining cardiovascular medical history from family rather than from medical
records. However, with proper training of the staff who interact with the patients being
screened, the information may be obtained in a reliable manner. The time criterion before
entering the hospital differs among the two treatments: 6 hours post infarct (thrombolytic)
versus 12 hours post infarct (angioplasty).

Global Utilization of Streptokinase for Occluded Arteries (GUSTO-1) clinical
trial included 41,021 patients with AMI from 1,081 hospitals in 15 countries (8). [t was
a trial for comparison of four aggressive thrombolytic strategies for AMI. The
thrombolytic patients were randomized into the following treatment groups: a.)

Streptokinase with [.V. Heparin, b.) Streptokinase with Subcutaneous Heparin,



c.) Streptokinase with tissue-plasminogen activator, and d.) Tissue-plasminogen activator
alone (8). Baseline clinical descriptions were collected on patients as they were enrolled
in the study. Variables examined included demographics, history, risk factors, presenting
characteristics, and outcomes (1,9,29). The thrombolytic data base with the four
combined treatments used in this paper consisted of 310 patients within the United
States.

Thrombolytic patient eligibility criteria were minimum 18 years of age and
presenting with symptoms of AMI. The electrocardiogram must have shown elevated ST
segments. Onset of the patient symptoms must have been less than 6 hours from time of
presentation. The hospital staff was responsible for screening, enrollment and subsequent
randomization into one of the four angioplasty treatment groups. Patients were
eliminated from the study if they had a history of stroke, active or recent bleeding, history
or major coagulation abnormality, recent trauma or major surgery, noncompressible
vascular punctures, and previous treatment with streptokinase or anistreplase (because of
possible allergic reactions). There were no restrictions placed on the upper age limit.
Patients were excluded for presentation with cardiogenic shock, prior bypass surgery,
major surgery or organ biopsy within 2 months, or severe hypertension. (8,9).

The Primary Angioplasty Registry (PAR) study was a multi-center clinical trial
for AMI patients within 12 hours of symptom onset who were eligible for percutaneous
transluminal coronary angioplasty (PTCA), which is balloon inflation of the blocked

coronary artery. Admitting information included baseline clinical descriptions of patients



as they were enrolled in the study, including demographics, history, risk factors,
presenting characteristics, and outcomes. Details of the angioplasty treatments, and
heparin use were also recorded. The PAR clinical trial was actually designed to be
comparable to the GUSTO thrombolytic clinical trial that was ongoing at the time (23).

However. no direct comparison of the two trials was ever performed.

Angioplasty patient eligibility criteria were minimum 18 years of age presenting
with symptoms of AMI. A 12 lead electrocardiogram must have shown elevated ST
segment. Onset of symptoms was less than 12 hours before entry to the hospital and
there was no history of proclivity for bleeding. Patients with prior bypass grafting were
included in the study. Patients were excluded from angioplasty under the following
conditions: left main coronary arterial stenosis or infarct artery stenosis was <50%,
inability to identify the infarct related artery, extremely long or angulated infarct lesion,
or small or extremely tortuous infarct artery (23).

Pretreatment protocol included nasal oxygen, with 10,000 units of heparin
intravenously; analgesics and beta blockers were left to the individual investigator’s
discretion. A second bolus of 10,000 units of heparin was administered after coronary
arterial access was obtained. ACTs (activated clotting times) were maintained through

heparin dosing at >300 seconds. Ejection fractions were measured via echocardiogram



Statistical Methods:

Standard meta-analysis techniques were used to determine if the demographics of
the thrombolytic study group (GUSTO) and the angioplasty group (PAR) were equivalent
(5,10). Comparative meta-analysis was used when treatment groups were from different
studies in which the populations of patients were similar but not identical (5,36). Chi-
square tests were used to test for equality of proportions for each of the categorical
variables among the two study groups (19).

Both discrete and continuous variables were used to compare efficacy and safety
parameters between the patients in the thrombolytic group and the angioplasty group.
Meta-analysis was used for discrete variables such as gender, presenting risk factors and
complications. One decision marker used for evaluating efficacy was time: (how quickly
the patient was relieved of symptoms). Efficacy was also evaluated by frequency of
death within a population. Safety was the other marker used in evaluating the probability
of adverse events. The hypothesis tested for efficacy was the analysis of time from
entrance into the emergency room to relief of symptoms as assessed by the treating
physician. Symptoms included chest pain as the principal indicator; for confirmation the
patient was examined for elevated ST segments in the ECG. To minimize the chance of

incorrectly rejecting Ho (Type [ error), an alpha level of 0.025 was selected for all

comparisons.



The nonparametric Mann-Whitney U-test (37) was used to indicate the
significance of lower time-to-relief of symptoms in comparing the two studies. Time isa
continuous variable and therefore not appropriate for a chi-square test.

III Results
Comparative Meta-Analysis:

The results of the meta-analysis indicated that patient parameters of the two study
groups were compatible. There were no significant differences in demographic
parameters between the thrombolytic group and the angioplasty group; patient age range
for both studies was 25 years to 76 years and 53% of those patients were 46-65 years of
age. Greater than 72% of the populations were men and greater than 25% were women.
Risk factors were also comparable (p= 0.824), as were complications (p=0.555).

Efficacy, as measured by number of deaths attributed to the disease, did not differ
among the two types of treatments. The chi-square test indicated no significant
difference (p=0.143) in death rates. The nonparametric Mann-Whitney U-test showed a
statistical significance (p<0.001) in the time to relief variable. The thrombolytic group
had an average time of 360 minutes (6 hours); the overall range of time was 180-360
minutes (3 to 6 hours). The angioplasty group had an average time of 27.6 minutes to
relief; the overall range of time was 30 to 90 minutes.

Safety was evaluated through adverse events such as ischemia, bleeds, stroke, and

reinfarction (Table 2). Complications such as ischemia were found to be more significant

in the thrombolytic patients (at 20%) compared to the angioplasty patients (at 12.5%).



Severe bleeds had a higher percentage rate for the angioplasty group (4.8%), whereas the
thrombolytic population was (1%). Stroke for the thrombolytic group was (3.5%), and
for the angioplasty group, (1.5%). Reinfarction for the thrombolytic group was (4.5%),
and for the angioplasty group, (7%). The remaining adverse events such as arrhythmias,

hypotension and tamponades were not found to differ significantly.

12



Table 1

Baseline Demographics and presenting Risk Factors:
Comparison of Treatment Groups:

Cross Tabulations:

GUSTO % GUSTO PAR % PAR Chi-Square
Total Number of Patients 310 271
AGE p=0.3773
< 25 years old 0 0
25 - 45 years old 30 10% 35 13%
46 - 65 years old 162 2% 145 353%
66 - 75 years old 77 25% 65 24%
> 76 years old 41 13% 26 10%
Gender p=0.8019
Male 226 73% 201 74%
Female 84 27% 70 26%
Risk Factors p=0.824
Diabetes 50 16% 38 14%
Current Smoker 85 27% 80 30%
Current/Historic Smoker 145 47% 116 43%
Family History of CVD* 162 54% 134 55%
p =0.555

Complications

* Cardiovascular Discase

Adverse Events and complications are compared between GUSTO and PAR in
Table 2 below. Under total and percentage are the “n” and relative percentage rates
respectively. The dates of the events were recorded for each patient, this information was
broken down into acute and non-acute. [f data are missing on patients; this is listed under
the missing data column with an asterisk for all data present, and a number representing
missing or unknown information. [n certain cases dates are known for the event; if the

dates are missing for that event it is tallied and represented under dates unknown. All

abbreviations are noted in the Appendix on page 27.



Table 2

Efficacy Treatment Qutcomes:

Complications Total Percentage  Acute Non- Missing Dates p value
Acute Data Unknown
# of <30 >30
patients days days

Stroke GUSTO 1 3.5% * * * 11 p=0.1905
PAR 4 1.5% 4 * * o

Ischemia GUSTO 62 20% * 62 2 p=0.0214
PAR 34 12.5% * 24 * 10

Reinfarction GUSTO 14 4.5% 14 * 1 * p =0.3065
PAR 7 7% 7 * * .

PTCA GUSTO 65 21% * * 98 p = <0.0001
PAR 245 90% * * *

ERPTCA GUSTO 26 8% 26 * 100 p =0.0499
PAR 1 4% 11 * .

URPTCA GUSTO 0 * 0 * 100 p =0.1003
PAR 4 1.5% 4 * .

Atrial/Vent. GUSTO 27 8.7% * * l p =0.9325

Block PAR 24 8.8% * * 0

SV Tach GUSTO 17 5.5% * * | p =0.5557

Tachycardia PAR 19 7% * * 0

V FIB GUSTO 17 5.5% * * 1 p =0.4452

Fibrillation PAR 20 7.4% . * 0

Tamponade GUSTO 3 1% * * 2 p=0.7130
PAR 1 0.4% * * 0

Atrial Fib GUSTO 32 10% * * l p=0.2672

Fibrillation PAR 37 13.6% * * 0

Hypotension GUSTO 37 12% * * 2 p= 0.7363
PAR 29 11% ¢ * 0

Moderate Bleed GUSTO 30 10% * * 0 p = 0.0608
PAR 41 5% * * 2

Severe Bleed GUSTO 3 1% * * 0 p=00105
PAR 13 4.8% .. * 2

14



IV. Discussion:

Comparative meta-analysis techniques were used in evaluating the two study
groups: AMI patients treated with thrombolytics, and AMI patients treated with
angioplasty. The populations were compared and found to be equivalent. The
demographics (variables) were also analyzed and found to have no statistical difference.
Relationships among the variables were found to be independent, thus making the
comparison uncomplicated.

[n the evaluation of safety, the majority of deaths that occurred were within the
first 30 days after treatment (14,22). However, overall mortality was low: angioplasty
was 3.7% and thrombolytic therapy was 6.8%. The difference was not statistically
significant.

It remains in the doctor’s judgment to decide which treatment most appropriately
meets the needs of a given patient. There is no statistical model to predict probability of
treatment success. The prevailing symptoms for any one person are always different,
making choice of treatment less absolute. The only factor to help in such a decision is
when one treatment is more quick acting than another. Time to relief of symptoms will
have some influence on choice. An example of this is treatment with t-PA: an initial
bolus is given over a one hour period of time to avoid hypotension. Promoting a lytic
state with a drug takes longer to achieve, explaining why the time to relief is longer tor
the drug treated patient. The current study showed that the patients treated with

angioplasty had relief sooner than those treated with thrombolytic therapy. The sooner



the patient’s treatment was effective, the less risk to the myocardial tissue, and the better
the patient’s outcome. This has also been shown in other studies that looked at trends in
terms of time to treatment (14,29).

Improving survival is the goal of each treatment, so survival by itself becomes a
factor in deciding treatment, with the goal to reperfuse early and promote health. The
death rate was very low, therefore complications became the focus of outcome.
Unsuccessful reperfusion of the myocardium or failure to maintain arterial patency was
associated more closely with complications. [schemia occurred in 20% of thrombolytic
patients, and 12.5% of angioplasty patients (Table 2). Ischemic patients needed follow-
up secondary treatment.

In summary, angioplasty patients had quicker relief from their AMI symptoms
than did thrombolytic patients. Prolonging relief (as in the thrombolytic treatment which
required waiting for the systemic mechanism to create patency) results in a higher risk of

ischemia. Ischemia or stroke in turn leads to other undesirable complications.
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APPENDIX

Definitions:

Acute Myocardial Infarction: Loss of blood flow to the cardiovascular tissue causing
necrosis (heart attack).

Angiography: Fluoroscopic study of the heart.

Atrial Fib: Atrial Fibrillation. Extremely rapid, incomplete contractions of the atria
resulting in rapid uncoordinated movement of the heart.

Atroven: Atrial ventricular electrical block. Blockage of electrical conduction
through the AV node.

ERPTCA: Emergent PTCA.

Hypotension: Low blood pressure.

Ischemia: Insufficient blood supply to the heart muscle due to obstruction.
Necrosis: Tissue death.

Patency: An open vessel or arterial way.

PTCA: Percutaneous transluminal coronary angioplasty.

Reinfarction: Recurrent myocardial infarction.

Reoccluded : The artery has lost patency.

Stroke: Occlusion of an artery due to hemorrhage, embolus or thrombus.

Surgery: (CABG): Coronary artery bypass graft.

SV Tach: Supraventricular Tachycardia. Abnormal rapid heart rate, defined as over

100 beats per minute.
Tamponade: Fluid in the pericardium. (Blood leaking from the heart chamber into

the pericardium.)
Timi: Thrombolysis in myocardial infarction. This was actually a trial in patency

classification.
URPTCA: Urgent PTCA.
V Fib: Ventricular Fibrillation. Extremely rapid, incomplete contractions of the

ventricle resulting in rapid uncoordinated movement of the heart.
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