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THERAPY AND PREVENTION

ACUTE MYOCARDIAL INFARCTION

Coronary perfusion during acute myocardial
infarction with a combined therapy of coronary
angioplasty and high-dose intravenous
streptokinase
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ABSTRACT Two hundred and sixteen patients with acute myocardial infarction were treated with
immediate infusion of high-dose (1.5 million units) intravenous streptokinase followed by emergency
coronary angioplasty. The infarct lesion was crossed and dilated in 99% and persistent coronary
perfusion after the procedure was achieved in 90% (including 3% with significant residual stenosis).
Total in-hospital mortality was 12%. Multivariable analysis showed a higher hospital mortality with
cardiogenic shock (41% vs 5% without shock), older age, lower left ventricular ejection fraction, and
female sex. Final patency of the infarct-related vessel was determined by follow-up in-hospital cardiac
catheterization. Coronary reocclusion occurred in 11% (symptomatic in 7%, treated with emergency
angioplasty or bypass surgery; silent in 4%, treated medically). Of the surviving patients with successful
initial establishment of infarct vessel patency, 94% were discharged from the hospital with an open
infarct artery or a bypass graft to the infarct vessel. There was significant improvement in both ejection
fraction (44% to 49%; p < .0001) and regional wall motion in the infarct zone (—3.0 SD to —2.4
SD; p < .0001) among patients with persistent coronary perfusion and insignificant residual stenosis
at the time of the follow-up cardiac catheterization. Thus, a treatment strategy for acute myocardial
infarction that includes immediate administration of streptokinase followed by emergency coronary
angioplasty, and coronary bypass surgery when necessary, results in a high rate of early and sustained

patency of the infarct-related vessel.
Circulation 77, No. 1, 151-161, 1988.

EXPERIMENTAL STUDIES in both animals and man
have demonstrated that jeopardized myocardium can
be salvaged if coronary blood flow is reestablished early
after coronary occlusion.'™ Recently, several large
randomized controlled trials have shown significant
improvement in survival among patients treated with
intravenous streptokinase.*"® Experience from the
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Western Washington trial has shown that survival may
be closely related to the patency status of the infarct-
related vessel.”” ® A striking improvement in 1 year
survival was observed in patients who were success-
fully perfused, even in the absence of improvement in
left ventricular performance.” Newer thrombolytic
agents, such as tissue-type plasminogen activator (t-
PA), hold promise for a further reduction in mortality
rates by achieving a higher incidence of early patency
of the infarct-related vessel.'® !!

Two important limitations exist to the use of even the
best available thrombolytic agents as sole therapy in
acute myocardial infarction. First, at least 25% of
treated patients are not reperfused within 4 to 6 hr of
chest pain by thrombolytic therapy alone; unfortu-
nately, there is no accurate noninvasive method avail-
able to identify these.'? Second, even after successful
thrombolytic therapy, most patients are left with a
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high-grade residual stenosis and an associated in-
creased risk of reinfarction and limiting angina.'> '*

Use of emergency percutaneous transluminal coro-
nary angioplasty (PTCA) as a method of overcoming
the major limitations of thrombolytic therapy is in-
creasing. To date, however, reported experience with
emergency PTCA in acute myocardial infarction has
been limited to small series. Furthermore, the proto-
cols used in these studies have varied considerably, so
that some patients have received PTCA alone while
others in the same series have also been given either
intracoronary or low-dose intravenous streptokinase.
Importantly, only one previous study has described the
use of high-dose intravenous streptokinase followed by
emergency PTCA.'* Yet this approach has the potential
advantage of maximizing early coronary perfusion with
initiation of thrombolytic therapy at the community
hospital followed by transport to a referral center for
more definitive revascularization by emergency PTCA.

The present report has three goals. First, we describe
our results in achieving patency of the infarct-related
vessel and minimizing the residual stenosis by a pro-
tocol of combined high-dose (1.5 million units) intra-
venous streptokinase and emergency PTCA in 216
patients with acute myocardial infarction. Second, we
describe the final predischarge outcome of these
patients as determined at follow-up cardiac catheteri-
zation. Third, we use multivariable statistical methods
to identify the major independent factors related to
hospital outcome in this population.

Methods

Patient population. The population for this study consisted
of 216 patients with acute myocardial infarction referred to Duke
University Medical Center between March 1984 and August
1986 who were enrolled consecutively in a protocol of prompt
treatment with high-dose intravenous streptokinase followed by
emergency coronary angioplasty. Protocol entry criteria were:
(1) continuous chest pain consistent with myocardial infarction
of 6 or fewer hours duration accompanied by ST segment ele-
vation of 1 mm or greater in two or more electrocardiographic
leads, or (2) intermittent (“‘stuttering”) chest pain of 6 to 24 hr
duration with both pain and ST segment elevation present on
arrival at Duke. Patients meeting the entry criteria were excluded
from the protocol if they had a contraindication to streptokinase:
(1) recent history of gastrointestinal bleeding, stroke, major
surgery, or trauma (including prolonged cardiopulmonary resus-
citation), (2) history of a bleeding diathesis, (3) proliferative
diabetic retinopathy, or (4) severe uncontrolled hypertension.

During the same time period, 1111 patients were treated in
the Duke University cardiac care unit for acute myocardial
infarction. Six hundred and fifteen of these patients received no
intravenous fibrinolytic therapy or PTCA because they either
were referred to Duke beyond the time limit of our protocol and
did not show evidence of ischemic but viable myocardium or
they had a contraindication to interventional therapy. One hun-
dred and ten patients received streptokinase alone and were
found to have a patent infarct-related vessel at cardiac cathe-
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terization but were not believed to be appropriate candidates for
PTCA. Fifty-one patients received only intracoronary or low-
dose intravenous streptokinase and PTCA. One hundred and two
patients were treated with t-PA and were randomly assigned to
early or late angioplasty under a separate research protocol.
Seventeen patients who presented within the protocol time limits
were treated with PTCA alone because of contraindications to
thrombolytic therapy.

Data collection. Baseline data regarding the pertinent his-
tory, physical examination, laboratory studies, chest x-ray, and
electrocardiogram were collected prospectively for each patient,
as were details of the interventional catheterization procedure
and results. In-hospital complications were determined by ret-
rospective review of each patient’s chart.

Definitions. Cardiogenic shock was defined as sustained
hypotension (systolic pressure of 90 mm Hg or less lasting for
=1 hr) and evidence of peripheral vasoconstriction (Killip class
1V).'? Persistent patency of the infarct-related vessel was con-
sidered to be present if the vessel was completely perfused at the
end of the procedure (Thrombolysis in Myocardial Infarction
trial [TIMI] grade 2 or 3).'® The coronary angioplasty were
defined as successful (=50% residual stenosis), persistently
perfused with residual subtotal stenosis (>50% residual ste-
nosis), or unsuccessful with no persistent perfusion. Myocardial
infarction location was described as anterior (ST elevation in .
aVL, V,-V() or inferior (ST elevation in II, III, aVF). Groin
hematoma was any hematoma occurring at the catheterization
site. Gastrointestinal bleeding was any gastrointestinal blood
loss noted by the cardiac care unit housestaff or nursing staff.

Interventional catheterization protocol. Each patient was
treated with intravenous streptokinase administered as a single
bolus of 1.5 million units in 250 ml of DSW given over 30 min
as soon as the presumptive diagnosis of myocardial infarction
was established. Four patients were unable to tolerate the full
dose of streptokinase because of hypotension (three patients) or
severe bradycardia (one patient). One hundred and ten (51%) of
the 216 study patients were transported to Duke via the Duke
emergency helicopter service.'”

Patients were treated routinely with intravenous diphenhy-
dramine as prophylaxis against allergic reactions to iodinated
contrast and with intravenous lidocaine for prophylaxis against
ventricular arrhythmias. Steroid pretreatment was not routinely
given. Aspirin was begun either in the emergency room or
immediately after PTCA in the cardiac care unit.

Each PTCA procedure was performed by a team of two senior
staff cardiologists and a cardiology fellow. Introducer sheaths
(No. 8F) were placed in the right femoral artery and vein. A No.
SF balloon-directed temporary pacemaker was inserted to the
level of the inferior vena cava; it was advanced to the right
ventricle if conduction disturbances or bradyarrhythmias oc-
curred during this procedure. Heparin was administered as a
10,000 unit bolus at the beginning of the procedure, followed
by a bolus of 2000 units each hour during prolonged procedures.

The noninfarct-related coronary artery was injected first to
assess the degree of collateral circulation to the infarct region.
The infarct-related artery was then injected in multiple views.
A biplane left ventriculogram was obtained. Coronary angio-
plasty was performed with a No. 8F thin-wall guiding catheter
and a low-profile balloon catheter (Hartzler LPS in 85% of cases,
Simpson Robert in 15%, ACS). Multiple dilatations were often
required to minimize the residual luminal diameter narrowing.
Results were assessed with high-resolution video fluoroscopy;
coronary stenosis gradients were not measured. If patients had
multiple lesions in the infarct-related vessel, all those believed
to be hemodynamically significant were dilated if possible. If
patients had multivessel disease, only the infarct-related artery
was dilated in the acute setting; lesions in other vessels believed
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to be prognostically important were subsequently approached by
either PTCA or surgery on an elective basis.

After the procedure, a Swan-Ganz catheter was inserted and
the patient was sent to the cardiac care unit for observation.
Heparin was infused continuously to maintain the partial thom-
boplastin time more than 2 X normal for at least 24 hr, but if a
major coronary dissection occurred or the residual stenosis was
75% to 95%, heparin was continued for 2 to seven days.

Routine cardiac care unit management included bedside
hemodynamic monitoring for 24 hr or until the patient was
considered stable. Diltiazem, 30 to 90 mg qid, was started
immediately after the procedure; if a contraindication to dil-
tiazem existed, nifedipine was used. A B-blocker was given to
achieve a heart rate less than 70 beats/min, unless a hemody-
namic contraindication was present. The 8-blocker, calcium-
channel blocker, and antiplatelet therapy with aspirin and per-
santine were continued throughout the period of hospitalization.
The hematocrit was carefully monitored and packed red blood
cells were generally transfused if the value fell below 30.

Electrocardiographic monitoring was continued for 72 to 96
hr and patients were constantly observed for signs or symptoms
of recurrent ischemia. When there was clinical evidence sug-
gesting restenosis or reocclusion (generally recurrent ST seg-
ment elevation and/or chest pain), patients underwent emer-
gency repeat angiography.

Surgical backup was available for each patient undergoing
angioplasty. Patients who were initially perfused by PTCA but
who subsequently developed abrupt reclosure accompanied by
recurrent pain and ST elevation and were refractory to repeat
PTCA were referred for emergency coronary artery bypass sur-
gery (CABG). Since January 1985, these patients have been
managed with use of the “transluminal reperfusion catheter”
(ACS), a4.5F passive perfusion stenting device used to maintain
coronary blood flow.'® The reperfusion catheter is preflushed
with heparin (1000 units/ml) and streptokinase solution (6000
units/ml) and inserted over a guidewire across the total coronary
obstruction. Blood from the aorta and proximal coronary artery
passes through sideholes into the catheter, through the obstruc-
tion, and out through distal sideholes, resulting in continuous
coronary perfusion and relief of myocardial ischemia. Patients
are then transported directly to the operating room for definitive
revascularization.

Follow-up catheterization and angiographic interpreta-
tion. To critically evaluate the final patency status of the infarct-
related coronary artery, repeat cardiac catheterization was
sought before hospital discharge as part of the study protocol in
surviving patients not referred for CABG (n = 170). Patients
with medical contraindications (n = 1) and surviving non-
CABG patients in whom initial angioplasty failed (n = 11) were
excluded. Of the remaining 158 patients, 144 (91%) underwent
repeat cardiac catheterization.

The results of each PTCA and follow-up procedure were
evaluated by consensus of a panel of at least three angiographers.
Coronary luminal diameter narrowing was graded on an ordinal
scale (i.e., 0%, <25%, 25%, 50%, 75%, 95%, 100%), as
previously described.!® The coronary angiographic methods
used in this study have been validated in a previous angiogra-
phic-pathologic study.?®

Ventriculographic analysis. Biplane left ventriculography
was performed in the 30 degree right anterior oblique and 60
degree left anterior oblique projections during the acute and
predischarge cardiac catheterization studies. Of the 144 patients
who underwent repeat cardiac catheterization, 106 (74%) were
judged to have technically adequate ventriculograms allowing
regional wall motion analysis on both the acute and follow-up
catheterization studies. All ventriculograms were recorded with
a 35 mm camera at 60 frames/sec.
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Regional wall motion was analyzed in the right anterior
oblique projection by the centerline method of Sheehan et al.*!
The left ventricular silhouette was projected onto a rear pro-
jection screen and was traced onto clear plastic sheets by an
observer who was blinded to the results of the intervention.
Tracings were then digitized by a second blinded observer using
a sonic digitizing device interfaced to a VAX computer for
analysis of regional and global left ventricular performance. The
jeopardized region was determined by averaging the motion of
chords lying in the most abnormally contracting 50% of the
territory supplied by the infarct-related artery. The abnormal
chord motion in this zone was then compared with the chord
motion in the same region at the time of the predischarge study.

Data analysis. Group data were summarized with medians and
interquartile ranges (25th and 75th percentiles). Changes over
time in global and regional left ventricular function were tested
with the Wilcoxon sign-rank test. Univariable and multivariable
analyses of factors predicting in-hospital death in the study group
were performed with the logistic regression model.?2

Results

Baseline characteristics. The baseline characteristics
of the 216 study patients are listed in tables 1 and 2.
The median age was 57 years and 79% of the patients
were men. There was a slight preponderance of inferior
wall infarctions (56%). Thirty-seven percent of pa-
tients had one or more complications of their infarction
before arrival in the Interventional Catheterization
Laboratory. Cardiogenic shock was present in 15%.
Preprocedural complications in patients transported by
helicopter were successfully managed on board and
there were no deaths during transport.

The median time from onset of pain to administra-
tion of streptokinase was 3.0 hr, while the median

TABLE 1
Baseline clinical characteristics

Clinical variables

Age (median, 25th to 75th percentile) 57 years (49-65)

Males 79
Anterior MI 44
Inferior M1 56
Complications before PTCA
Ventricular tachycardia 13
Ventricular fibrillation 7
Cardiac arrest requiring CPR 4
Respiratory arrest 3
Cardiogenic shock 15
Severe bradycardia or asystole 17
Pulmonary edema 7
None of the above 63

Time intervals
Time interval from pain onset to administration

of SK (median, 25th to 75th percentile) 3 hr (1.8-4.7)
Time interval from pain onset to arrival in ICC
lab (median, 25th to 75th percentile) 4.5 hr (3.0-6.3)

Values are percentages unless indicated otherwise.
MI = myocardial infarction; CPR = cardiopulmonary resuscitation,
SK = streptokinase; ICC = interventional cardiac catheterization.
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TABLE 2
Baseline angiographic characteristics

TABLE 3
Complications during PTCA

Infarct-related artery

LAD 43

LCX 8

RCA 46

Bypass graft 2
Total occlusion of infarct vessel on first

angiogram 56
Ejection fraction (median, 25th to 75th

percentile) 44 (37-54)
LV end-diastolic pressure (median, 25th to 75th

percentile) 22 mm Hg (17-28)
Number of diseased vessels (=75% stenosis)

One vessel 47

Two vessels 38

Three vessels 14

Left main disease 1

Values are percentages unless indicated otherwise.
LAD = left anterior descending; LCX = left circumflex; RCA =
right coronary artery; LV = left ventricular.

interval from onset of pain to arrival in the interven-
tional laboratory was 4.5 hr. Forty-seven percent of
patients had one-vessel disease, while 15% had three-
vessel or left main disease. The median ejection frac-
tion for the group was 44%, and one-third had an
ejection fraction less than 40%.

Coronary angioplasty. The infarct-related artery was
patent on the initial coronary angiogram in 44%
(95/216) of patients. After further injections of contrast
into the vessel and intracoronary nitroglycerin, an addi-
tional 9% (19/216) of infarct-related vessels became
patent. The lesion was successfully crossed with a
balloon catheter in 99% (214/216) and persistent per-
fusion (TIMI Grade 2 or 3) was established by both
streptokinase and PTCA without CABG in 90%
(194/216). Successful PTCA (residual stenosis =50%)
was achieved in 87% (188/216). The median residual
stenosis before PTCA was 100%; after the procedure,
it was 25%. Multiple lesions in the same vessel were
dilated in 20%. Procedural success rates did not vary
significantly on univariable analysis with location of
infarction, presence or absence of cardiogenic shock,
sex, age, or time from pain onset to administration of
streptokinase.

Thirteen percent of all patients underwent an unsuc-
cessful PTCA procedure, including 3% who had
greater than 50% but less than 100% residual stenosis
after PTCA with resolution of ischemic symptoms.
These patients were treated medically. Four percent had
abrupt reclosure with recurrent ischemic symptoms
after initially successful PTCA; these patients were sent
for emergency bypass surgery with the reperfusion
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None 70
Ventricular tachycardia

Ventricular fibrillation

Severe bradycardia or asystole

Cardiac arrest requiring CPR

Respiratory arrest

Persistent cardiogenic shock (onset pre-PTCA)
New onset cardiogenic shock

Emergency CABG

Stroke

Death

N
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Values are percentages.
CPR = cardiopulmonary resuscitation.

catheter persistently maintaining coronary blood flow.
The remaining 6% of patients with failed PTCA had
coronary occlusion after PTCA but were asymptomatic
and were believed to have a completed infarction.
These patients were transferred to the coronary care
unit for routine postinfarction care.

Thirty percent of patients had complications during
the PTCA procedure (table 3). Of the patients who had
experienced no complications before the procedure
(n= 138), 18% had at least one complication during
the procedure. In contrast, of the 78 patients who had
a preprocedure complication, 52% also had a compli-
cation during the PTCA. Cardiogenic shock was the
most common complication (persistent from pre-
PTCA in 9%, new onset in 4%), followed by severe
bradycardia or asystole (10%), ventricular tachycardia
(6%), and ventricular fibrillation (5%). There was one
death in the laboratory from persistent cardiogenic
shock and refractory ventricular fibrillation in a patient
with successful complete dilatation.

Hospital course. The most common in-hospital com-
plication (55% of patients) was development of a groin
hematoma at the site of catheterization (table 4). A drop

TABLE 4
In-hospital complications*
Groin hematoma 55
Drop in hematocrit to <30%?8? 41
Transfusion of red blood cells® 40
Gastrointestinal bleeding 14
Femoral vascular surgery 3
Cardiac arrest with successful resuscitation and survival

to hospital discharge 3
Nonfatal stroke 1
Death 12

Values are percentages.
ADoes not include complications occurring during PTCA.
BPatients who had CABG are excluded from these totals.
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TABLE 5
Global and regional left ventricular performance

Patency status of

infarct-related vessel LV function Acute? Follow-up? p value
Insignificant Regional® —3.0 (—3.6t0 —2.0) —2.4 (=3.1t0 —1.6) .0001
stenosis (n="78) Global€ 44% (36% to 53%) 49% (41% to 56%) .0001
Significant Regional® —3.3 (-39t —2.9) —-3.1 (=3.6t0 —2.5) .84
stenosis (n=18) Global€ 43% (35% to 46%) 45% (39% to 48%) .60
Total Regional® -34 (=3.7t0 -3.1) —-3.2 (=3.6t0 —2.7) .68
occlusion (n=10) Global€ 46% (43% to 52%) 49% (43% to 56%) .91

LV = left ventricular.
AMedian (25th to 75th percentiles in parentheses).

BRegional wall motion as measured by standard deviation per chord.

€LV ejection fraction.

in hematocrit to less than 30% was also common
(41%) after interventional catheterization and packed
red cells were frequently transfused (40%). Gastro-
intestinal bleeding was seen in 14% of patients. A total
of 72% of all patients had some evidence of bleeding
during the period of hospitalization. All of the bleed-
ing episodes were managed successfully without
resulting mortality.

Twenty-five patients (12%) died in-hospital after the
initial procedure; two underwent intervening CABG.
An additional 3% of patients had a cardiac arrest and
were successfully resuscitated and 1% had a nonfatal
stroke.

One hundred and forty-four of 158 eligible patients
(91%) underwent follow-up cardiac catheterization. In
most cases (85%), the second study was performed 7
days after the initial PTCA. Five percent of patients
underwent recatheterization at 24 hr and an additional
10% underwent emergency recatheterization for recur-
rent symptoms before the scheduled 1 week study. Of
the 14 patients who were eligible but did not undergo
a restudy, none had evidence of angina pectoris or new
electrocardiographic changes before discharge.

Changes in left ventricular performance between the
acute and predischarge study are shown in table 5. A
significant improvement in both regional and global
contractile performance was observed in the group of
patients who were successfully treated with immediate
PTCA and who were found to have insignificant sten-
0sis (=50% luminal diameter narrowing) on predis-
charge arteriography. No improvement was observed
in either the global ejection fraction or in the infarct
zone among patients with significant stenosis (>50%
but <100%) or occlusion (100%) at the time of fol-
low-up study.

Figure 1 shows the final hospital outcome in the
study population. Silent reocclusion was diagnosed at
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the time of predischarge cardiac catheterization in 4%
(8/194) of patients who had initial patency of the
infarct-related vessel after PTCA. These patients were
treated medically. Symptomatic reocclusion before
discharge occurred in 7% of patients (14/194) and was
managed with repeat PTCA (11 patients; successful in
82%) or CABG (three patients). In patients with a
successful initial PTCA, restenosis without reocclu-
sion occurred in 12%. Conversely, in patients with an
unsuccessful initial PTCA but sustained patency of the
infarct-related vessel, the residual lesion was 50% or
less at the time of discharge in 28%.

A policy of aggressive management to produce sus-
tained myocardial perfusion was maintained through-
out the period of hospitalization. Patients with symp-
tomatic reocclusion of the infarct-related vessel were
managed with repeat PTCA or CABG. Patients were
managed with medical therapy alone only in the event
that reocclusion of the infarct vessel was no longer
associated with evidence of ischemia. Thus, by this
combined treatment strategy, 94% of all surviving
patients in the study population who had sustained
perfusion after the initial catheterization (with PTCA,
or with a reperfusion catheter and CABG) were also
discharged from the hospital with an open infarct-
related vessel or a bypass graft to the infarct artery.
Rates of restenosis or reocclusion did not vary signif-
icantly on univariable analysis with infarct location,
age, sex, presence or absence of cardiogenic shock, or
time from onset of pain to administration of strepto-
kinase.

Identification of clinical factors related to outcome. The
strongest prognostic factor in the study population was
cardiogenic shock (table 6). Forty-one percent of
patients with shock died in-hospital compared with 5%
of patients without it. Age was also an important factor:
31% of patients older than 65 years died compared with
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Study Population ( n=216 )

-

Reperfusion
No Residual Stenosis

Reperfusion
Residual Stenosis

Reperfusion
RPC + CABG

No Reperfusion
Medical Rx

187 (87%) 7 (3%) 8 (4%) 14 (6%)
Hospital Hospital Hospital \‘ Hospital
Death=22" Death=1 Death=1 Death=2"*"

\A Reocclusion=20

Symptomatic  Sllent

\‘ Reocclusion=2

Symptomatic Silent

PTCA:9

v,

S~ CABG for Other

/ Disease=8

v
Discharged with Sustained
Reperfusion=156

L 4

Reperfusion=5°*

(Medical (Emergency (Medical
Rx)=7 CABG)=1 Rx)=1
Success Failed PTCA /
Repeat CABG=2 Megdical Rx=2

Discharged with Sustained

\A Late CABG

Other Disease
! ¢

=1
Discharged with Sustained Discharged with Sustained
Reperfusion=7 Reperfusion=0

FIGURE 1. Outcome after emergency PTCA. *Includes one procedural death and one death after reocclusion and successful
repeat PTCA. **Includes two patients found to have 50% or less stenosis on repeat catheterization. ***Includes one patient
who died after CABG for other disease. Medical Rx = medical therapy; RPC = reperfusion catheter.

8% of patients from 45 to 65 years old and no patients
under 45 years old. The death rate also increased with
a lower ejection fraction (22% for patients with an
ejection fraction of <40% vs 7% for patients with an
ejection fraction =40%), female sex (27% death rate
vs 8% for men), and an occluded infarct-related vessel
on the initial coronary angiogram (17% death rate vs
7% in patients with an open vessel on the first angio-
gram). Factors not significantly related to in-hospital
survival were number of diseased vessels, location of
infarction, and time interval from onset of pain to
administration of streptokinase. Logistic regression
analysis showed that the independent predictors of in-
hospital mortality were cardiogenic shock (p < .0001),
older age (p < .0001), lower ejection fraction (p =
.005), and female sex (p = .009).

Discussion

The results of this study demonstrate that early rees-
tablishment of coronary perfusion can be achieved and
sustained in a high proportion of patients with acute
myocardial infarction with the use of a combination of
high-dose intravenous streptokinase and emergency
PTCA and, when necessary, emergency bypass sur-
gery. The prognostic benefits of thrombolytic therapy
have now been convincingly demonstrated by the
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GISSI trial and others.*~® ® The addition of prompt
mechanical dilatation to the interventional regimen
overcomes the major limitations of isolated throm-
bolytic therapy by reducing the residual stenosis,
thereby lowering the risk of in-hospital reocclusion. In
addition, emergency repeat dilatation can be per-
formed successfully in the great majority of those
patients who develop symptomatic reocclusion, result-
ing in a high overall rate of sustained patency of the
infarct-related artery at the time of hospital discharge.

TABLE 6
In-hospital prognosis

Variable Univariable y2# Multivariable 2B
Cardiogenic shock 32 15
Age 23 14
Ejection fraction 12 8
Sex 6 7
Infarct vessel open on initial

angiogram 5 —
Number of diseased vessels 2 —
Anterior wall infarct 1 —
Time interval from pain onset to

streptokinase administration 0 —

Ay? of 3.84 with 1 degree of freedom is equal to p = .05.
BLogistic regression analysis.
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Although the evidence pointing to the major prog-
nostic importance of an open infarct-related artery is
growing, the pathophysiologic relationship of patency
of the infarct-related vessel, left ventricular function,
and long-term survival needs to be further elucidated.
The rationale for an aggressive approach to early and
complete revascularization of the infarct region has
developed from both basic and clinical studies. A
recurring finding in basic studies has been that myo-
cardial salvage occurs when vessel patency can be
established early after infarction.’" > Human studies
with thrombolytic therapy® > ** or surgery** have con-
sistently shown better left ventricular function in
patients with patent infarct-related vessels. Several
studies of thrombolytic therapy have found a close
relationship between vessel patency and both early and
late survival.>" ® These observations, coupled with the
failure of intravenous thrombolytic therapy to reperfuse
25% to 50% or more of infarct-related vessels, led to
the development of the current protocol.

Study population. The population in this study rep-
resents the broad spectrum of acute myocardial infarc-
tion seen in a referral center with a relatively large
proportion of high-risk patients. Compared with pop-
ulations in other recently reported trials of thrombolytic
therapy, our patients had a much higher incidence of
cardiogenic shock, cardiac arrest, and other compli-
cations before intervention. For example, cardiogenic
shock was present in less than 4% of the GISSI
population® and the Western Washington trial,>* com-
pared with 15% in our study. The larger number of
critically ill patients in our study may have resulted
from the tendency of community hospitals to refer their
most complicated patients for more aggressive therapy.

The ability to provide access to mechanical recana-
lization to patients in community hospitals without
cardiac catheterization facilities depends on safe and
effective medical transportation. Half of our patients
were transferred via the Duke emergency helicopter
service, which provides a mobile intensive care unit
environment and is staffed by two intensive care flight
nurses. A physician is not routinely aboard, but con-
stant radio contact with the interventional cardiologist
and telemetric monitoring are maintained. No patients
died en route despite the large number of patients with
cardiogenic shock and ventricular arrhythmias.'” A
similarly effective result has been reported by Topol et
al.”¢

Emergency cardiac catheterization and PTCA. Our ini-
tial angiographic findings underscore the importance of
emergency diagnostic cardiac catheterization with
immediate PTCA to reestablish blood flow in patients

Vol. 77, No. 1, January 1988

in whom thrombolytic therapy fails. Unfortunately,
current noninvasive diagnostic techniques are not suf-
ficiently accurate to assess coronary reperfusion
reliably.'? Although our study population is a subset of
the overall patient group treated with thrombolytic
therapy at our institution, the failure rate for strepto-
kinase we observed (56%) is quite consistent with
previous studies of thrombolytic therapy.'®' %’ With
currently available thrombolytic agents, about half of
patients will fail to reperfuse early. Initial studies with
intravenous t-PA have reported reperfusion rates of
60% to 80%.%® Thus, even with the most effective
thrombolytic agent, therapy will fail in a significant
number of patients.

Besides producing a higher rate of patency of the
infarct-related vessel, PTCA also reduces the high-
grade residual stenosis present in most patients. Reduc-
tion of the residual coronary stenosis may result in two
important clinical outcomes: fewer recurrent ischemic
events and enhanced recovery of myocardial function.
In controlled randomized trials, the incidence of clin-
ical reinfarction has been more than twice as high
among patients successfully treated with streptokinase
compared with control patients.>* ® 2* In the only con-
trolled study of emergency PTCA vs thrombolytic ther-
apy alone, O’Neill et al.>® reported a reocclusion rate
of 15% with intracoronary streptokinase, compared
with 7% with PTCA. In the same study, patients treated
with streptokinase had a mean residual stenosis on
predischarge cardiac catheterization of 80% and
showed only a modest improvement of regional wall
motion and no significant change in ejection fraction.
Patients treated with PTCA had a mean residual ste-
nosis of 32% and showed significantly greater improve-
ment in regional wall motion (change after PTCA =
1.32 SD vs streptokinase = 0.59 SD, p < .05) as well
as a significantly greater improvement in ejection frac-
tion (7% vs 2%, p < .01).

In our present study, regional and global left ven-
tricular performance was analyzed as a function of the
patency status of the infarct-related artery at the time
of follow-up cardiac catheterization. Patients with
insignificant residual stenosis showed improvement in
both regioflal wall motion and ejection fraction.
Patients with significant residual stenosis or total occlu-
sion showed no change in either the infarct zone or the
ejection fraction.

Although emergency PTCA for acute myocardial
infarction was first reported in 1982, only a limited
number of studies have examined the results of this
approach (table 7).'* 2°-%° Because of the small num-
ber of patients in each series, the diversity of methods
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TABLE 7
Emergency PTCA in patients with acute myocardial infarction
No. of % %
Study SK patients®  reper =50%
Meyer et al.® IC 18 78 78
Hartzler et al.?! IC 26 88 88
None 15 100 100
Serruys et al.? IC 16 100 100
Hartzler et al.® IC 41 95 95
None 37 78 78
Gold et al.* IC 28 79 61
Pepine et al.* None 8 100 100
Holmes et al.¢ IC 44 80 75
None 11 91 91
Papapietro et al.’’  IC 18 72 72
Prida et al.®® IC 16 81 81
None 7 100 100
v 5 80 80
Kitazume et al.* IC UK 22 90 90
O’Neill et al.? None 29 83 79
Erbel et al.® IV (low dose)
+IC 69 B 65
Fung et al.'¢ v 29 97 90

Alncludes only those patients in each study who underwent emergen-
cy PTCA.

BPTCA was attempted only in patients successfully reperfused by
SK.

SK = streptokinase; IC = intracoronary; IV = intravenous; UK =
urokinase; % reper = percent of patients in whom reperfusion was
successful; % =50% = percent of patients without significant residual
stenosis.

used, and the wide variability in success rates, assess-
ment of the relative efficacy of PTCA has been difficult.
The most popular regimens have involved the use of
intracoronary streptokinase followed by PTCA, with
infarct-related artery patency rates ranging from 72%
to 100%, or the use of primary PTCA without throm-
bolytic therapy, with infarct-related artery patency rates
of 78% to 100%. The rates of successful dilatation
(=50% residual stenosis) have ranged from 61% to
100%. Predischarge angiography has been performed
only sporadically, so that the prevalence of coronary
patency 1 week or more after emergency PTCA remains
uncertain. Although emergency PTCA is now com-
monly used after high-dose intravenous streptokinase,
only one previous study has reported on the use of this
combination. '*

In the present study, the infarct lesion was success-
fully crossed with the PTCA balloon in 99% of
patients, despite the high prevalence of total coronary
occlusions. PTCA was successful in 87% of patients,
and an additional 3% had persistent infarct-related
vessel patency with a residual subtotal stenosis. Clin-
ically evident reocclusion occurred in 7% and was
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treated with repeat PTCA or emergency CABG. Silent
reocclusion was diagnosed on follow-up catheteriza-
tion in 4% and was treated medically. Although the
initial success rate was higher and the reocclusion rate
was lower than the rates reported in patients treated
with thrombolytic therapy alone, these results differ
somewhat from the results obtained with PTCA under
elective circumstances. In a recent study from our
laboratory, the results of 269 PTCA procedures during
acute myocardial infarction were compared with the
results of 288 elective procedures performed during the
same time period.*' There was a significant difference
in both initial success rates (87% vs 94%, p < .01) and
clinical in-hospital reocclusion rates (9% vs 3%, p <
.01) in patients with acute myocardial infarction vs
those undergoing an elective procedure. This differ-
ence in clinical course after PTCA may result from
instability of the endothelial surface of the infarct-
related plaque or from the effects of thrombus in the
vessel.** A difference in the response of the plaque to
PTCA in these two clinical groups is further suggested
by the occurrence in the present study of early reste-
nosis (>75% but <100%) among 12% of patients who
initially had 50% or less residual stenosis after the
PTCA procedure. Importantly, 28% of patients with a
subtotal stenosis after the initial PTCA (>50% ste-
nosis) had spontaneous reduction of this critical ste-
nosis by the time of the predischarge cardiac cathe-
terization.

Complications. The use of emergency cardiac cathe-
terization after high-dose intravenous thrombolytic
therapy results in a high incidence of clinically evident
bleeding. The 55% prevalence of hematoma in this
study is comparable to the rates of 47% with strepto-
kinase and 43% with t-PA in the TIMI trial. '® The high
rate of transfusion in the current study in part reflects
our aggressive approach to augmentation of hemato-
crit; the risks and benefits of such an aggressive
approach remain to be determined. No deaths were
attributed to bleeding complications.

Rapid access to emergency surgical backup was
necessary to provide revascularization for patients in
whom PTCA failed and had evidence of continued
jeopardized myocardium or hemodynamic compro-
mise. The use of the transluminal reperfusion catheter
allowed patients to go to the operating room with
persistent coronary perfusion and a stable hemodynam-
ic status. A significant amount of bleeding was expe-
rienced in the perioperative period, requiring large
quantities of packed red blood cells (median transfu-
sion requirement = 9 units) and fresh frozen plasma.
Despite the increased need for intensive care in the
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perioperative period, only two patients died, both as a
result of persistent power failure.

Multivariable analysis of factors related to prognosis.
Because of the extremely high mortality associated
with cardiogenic shock, any series including a signif-
icant number of these patients will have a high overall
mortality. Although our 41% in-hospital mortality rate
for patients with cardiogenic shock remains much
higher than the 5% in-hospital mortality rate of patients
without cardiogenic shock, it is lower than mortality
rates with traditional medical therapy. Killip et al.'®
reported an 81% mortality rate in patients with car-
diogenic shock using the same clinical criteria as in the
present study. A later clinical trial of intra-aortic bal-
loon counterpulsation in cardiogenic shock reported an
83% mortality rate.*> In contrast, DeWood et al.**
found that use of an intra-aortic balloon pump followed
by CABG within 24 hr of acute myocardial infarction
was associated with a 28% hospital mortality in
patients presenting with cardiogenic shock. A recent
report of PTCA in cardiogenic shock has described a
27% mortality.** In the GISSI study, the mortality for
patients with cardiogenic shock was 70% in both the
patients treated with intravenous streptokinase and the
control group; PTCA was not used in either group.®

Elderly patients remained at significantly increased
risk of death in our study despite rates of early and
persistent coronary patency equivalent to those in
younger patients. Multiple studies of populations with
acute myocardial infarction before thrombolytic ther-
apy have identified age as a major independent prog-
nostic factor. In the GISSI trial, the overall mortality
rate was 6.7% in patients less than age 65, 17.4% in
patients between 65 and 75 years of age, and 31% in
patients over age 75.° Although a statistically signif-
icant benefit of streptokinase alone was not demon-
strated in that study in patients over age 65, a trend
toward benefit in this group was observed. Despite the
continued identification of older age as a major adverse
factor, the lack of a control group does not allow us to
draw conclusions about whether elderly patients expe-
rience either disproportionate benefit or harm from this
aggressive management strategy.

The higher mortality in women seen in our study was
also reported in the GISSI study and other studies in
the untreated postmyocardial infarction population. In
the Framingham study, 30 day mortality after acute
myocardial infarction was 16% for men and 28% for
women.*>

Significance of an open vessel and ‘“sustained” reperfu-
sion. In a previous study, we reported that improvement
in regional left ventricular function and reduction of
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infarct size were limited to those patients with early
sustained reperfusion during acute myocardial infarc-
tion and were absent in patients with a closed vessel.
There was no improvement in patients who had late
opening (at 24 hr catheterization) after initial failure of
reperfusion during the first 6 hr after the onset of
symptoms.>

A recent report on risk stratification from the West-
ern Washington trial used multivariable analysis to
examine the relationship between a completely reper-
fused infarct-related artery and 1 year survival.® A
dramatic improvement in survival was found among
patients with an open vessel and that survival benefit
was further magnified as baseline left ventricular func-
tion decreased. Patients with unsuccessful or “partial”
reperfusion showed no improvement when compared
with untreated control patients.

In the present study, reduction of the infarct lesion
to an insignificant residual stenosis was achieved in
87% of our patients by use of streptokinase followed
by PTCA. Importantly, by use of repeat PTCA or
CABG in patients with symptomatic reocclusion, 94%
of all surviving patients who had sustained reperfusion
after the initial procedure were discharged from the
hospital with an open infarct-related artery or a bypass
graft to the infarct-related artery. Approaches using
thrombolytic therapy alone will almost certainly result
in a lower rate of early and sustained myocardial per-
fusion. Adoption of this more aggressive approach to
treatment of acute myocardial infarction, however, will
substantially increase the cost of initial therapy. If the
superior rate and degree of vessel patency translates
into a major beneficial impact on patient survival, these
costs will be well justified.
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