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Abstract

We studied the factors which may induce acute high grade restenosis in emergency percuta-
neous transluminal coronary angioplasty (PTCA). PTCA was attempted in 50 patients with acute
myocardial infarction, and the balloon catheter passed successfully across the occlusion site in 47
(94%) of the patients. These 47 patients were analyzed. “Acute restenosis” was defined as a lesion
which was revascularized to less than 50% luminal reduction narrowed again to more than 75%
luminal reduction 5 min after the balloon inflation. Univariate and multivariate analyses were used
for determining factors which significantly influenced acute restenosis. The incidence of at least
one restenosis episode was 45%. Multiple regression analysis selected 5 factors associated signifi-
cantly with an increased rate of acute restenosis: 1) angiographic evidence of dissection, 2) lesion
in the right coronary artery (RCA), 3) lack of or insufficient administration of thrombolytic agent
preceding PTCA, 4) curved lesion and 5) relatively small balloon/artery diameter ratio. Acute
restenosis correlated significantly with late reocclusion. This study indicates that it is important
to administer a thrombolytic agent prior to emergency PTCA, and to use an adequately sized
balloon to the artery when the acute restenosis occurs by using relatively smaller sized balloon.
The present data also demonstrated that patients with RCA and a curved lesion have a relatively
high risk of acute restenosis. This study indicates how patients with relatively high risk of acute
restenosis may be identified.

KEYWORDS: emergency coronary angioplasty, restenosis, acute myocardial infarction, multi-
variate analysis
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Factors Influencing Acute High-Grade Restenosis in Emergency
Percutaneous Transluminal Coronary Angioplasty for Acute
Myocardial Infarction.

Shozo Kusachi*, Kohichirou Iwasaki, Osamu Nishiyama, Minoru Ueda, Toshimasa Kita,
Takato Hata, Gyou Taniguchi, Hirofumi Watanabe? Kazuyoshi Hina} Daiji Saito;
Takao Tsuji; and Shoichi Haraoka®

Cardiovascular Center, Sakakibara Hospital, Okayama 700, and °First Department of Internal
Medicine and °Department of Laboratory Medicine, Okayama University Medical School,
Okayama 700, Japan

We studied the factors which may induce acute high grade restenosis in emer-
gency percutaneous transluminal coronary angioplasty (PTCA). PTCA was at-
tempted in 50 patients with acute myocardial infarction, and the balloon catheter
passed successfully across the occlusion site in 47 (94%) of the patients. These
47 patients were analyzed. “Acute restenosis” was defined as a lesion which was
revascularized to less than 50% luminar reduction narrowed again to more than 75%
luminal reducion 5 min after the balloon inflation. Univariate and multivariate
analyses were used for determining factors which significantly influenced acute
restenosis. The incidence of at least one restenosis episode was 45%. Multiple
regression analysis selected 5 factors associated significantly with an increased
rate of acute restenosis : 1) angiographic evidence of dissection, 2) lesion in the right
coronary artery (RCA), 3) lack of or insufficient administration of thrombolytic agent
preceding PTCA, 4) curved lesion and 5) relatively small balloon/artery diameter
ratio. Acute restenosis correlated significantly with late reocclusion. This study
indicates that it is important to administer a thrombolytic agent prior to emergency
PTCA, and to use an adequately sized balloon to the artery when the acute resteno-
sis occurs by using relatively smaller sized balloon. The present data alse demon-
strated that patients with RCA and a curved lesion have a relatively high risk of
acute restenosis. This study indicates how patients with relatively high risk of
acute restenosis may be identified.

Key words : emergency coronary angioplasty, restenosis, acute myocardial infarction,
multivariate analysis

Experimental studies suggest that early vanced interventional cardiologic management
recanalization of an occluded artery prevents  of patients with acute myocardial infarction
the progression of myocardial ischemia to has in recent years been directed toward
necrosis and limits infarct size (1, 2). Ad- rapid restoration of coronary blood flow in

rder to limit myocardial necrosis. For
%k Correspondence shold be addressed to: Shozo Kusachi, 0 de . .y X
Cardiovascular Center, Sakakibara Hospital, 2-1-10 I‘apld recanahzatlon, thromb()]ytlc th.erapy
Marunouchi, Okayama 700, Japan has been advocated and studied extensively.
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However, 10-30% of occluded arteries can
not be recanalized by thrombolytic agents
(3-5). Moreover, high-grade stenotic legions
remain in the occluded artery in most pa-
tients treated with thrombolytic agents. Re-
cently, emergency percutaneous translumi-
nal coronary angioplasty (PTCA) has become
an attractive therapeutic procedure to re-
canalize acutely occluded coronary arteries
(6-16). PTCA would produce more complete
revascularization and reduce late reocclu-
sions. Acute high-grade restenosis in cath-
eterization laboratory, however, seems to
be a serious problem in emergency PTCA.
Acute repeated restenosis might result in
the failure to achieve long-term recanaliza-
tion. When acute high-grade resténosis or
reocclusion occurs, an additional PTCA pro-
cedure is necessary and more time is re-
quired to achieve stable recanalization. It
seems reasonable that acute reocclusion in
catheterization laboratory occurs more fre-
quently in emergency PTCA than in elective
PTCA (13, 14, 16). We studied factors
responsible for acute restenosis in emer-
gency PTCA using univariate and multivariate
analysis.

Methods

Patients. From April 21, 1984 through No-
vember 1, 1987, 50 patients with acute myocardial
infarction (AMI) underwent emergency PTCA in
our hospital. The diagnosis of AMI was estab-
lished by the symptom of typical severe chest pain
associated with more than 2.0 mm ST segment
elevation in 2 or more conventional electrocardio-
graphic leads. Patients with symptoms which began
more than 4 h before admission to our hospital
were excluded from this study. Other exclusion
criteria were : age more than 80 years, cardio-
genic shock, recent cerebrovascular accidents and
disorders associated with high risk of bleeding.

Cardiac catheterization. Before cardiac cath-
eterization, all patients were given 100 U/kg body
weight of heparin intravenously. Coronary angio-
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graphy was performed in multiple views by the
standard percutaneous transluminal method with a
femoral approach. Initially, selective arteriography
of a coronary artery assessed electrocardiograph-
ically not to be responsible for the AMI was per-
formed to determine the angiographic extent of
collateral vessels. Then, arteriography of the
infarct-related artery was conducted. Prior to
emergency PTCA, 0.2 mg of nitroglycerin was
administered into the infarct-related coronary ar-
tery to rule out and prevent coronary artery spasm.

Emergency PTCA. We started to prepare
the equipment for PTCA regardless of whether
the coronary artery responsible for the AMI was
totally or subtotally occluded. During the prepa-
ration for emergency PTCA, patients were ran-
domly administered 0-120,000 units of urokinase
into the occluded artery with or without an addi-
tional 240,000-600,000 units of urokinase at the
rate of 16,000 units per min to examine the
effect of pre-operation administration of a thrombo-
lytic agent on acute restenosis. Emergency PTCA
was attempted according to standard methods with
a flexible, movable guide wire (0.014-0.016 inch
flexible steerable wire, USCI, Galway, Ireland,
or 0.018 inch high torque floppy wire, Advanced
Cardiovascular Systems Inc., Temecula, CA, USA)
and with a balloon catheter (2.0-4.0 mm balloon
diameter, Simpson-Robert or Simpson Ultra-Low
Profile balloon catheter, Advanced Cardiovascular
System Inc.). After arteriography of the infarct-
related artery, the guide wire was gently pushed
into the occlusion site, and if no resistance was
met, it was gently advanced through the occlusion
site. Then the balloon catheter was introduced
and positioned at the occluded lesion. The balloon
was inflated incrementally starting with low pres-
sures and increasing to higher pressures to achieve
gradual revascularization of the occluded site. The
pressure level which just diminished the defect on
the balloon by the stenosis was maintained for 60
sec. After the termination of balloon inflation,
the balloon catheter was withdrawn into the guiding
catheter while the guide wire was left in the
artery across the stenosis. Immediately there-
after, arteriography was performed to evaluate
revascularization. If 50% or more luminal reduc-
tion of the diameter of the lesion was still visual-
ized, we immediately performed additional PTCA
using the same size or 0.5 mm larger balloon cath-



eter with the same or slightly higher pressure.
When revascularization to less than 50% stenosis
was achieved, the arteriography was performed
5 min later to determine the acute restenosis
defined later. If the lesion remained at more than
50% stenosis, we repeated PTCA until the ste-
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nosis was reduced to less than 50% narrowing.
If the arteriogram 5min after the termination
of balloon inflation revealed the stenosis remained
less than 50% stenosis, we waited another 10
min to be sure revascularization was stable.
Optimal revascularization depended on the charac-

Table 1 Score of acute restenosis, entry factors for univariate and multivariate analysis and characteristics of
the 47 patients
*Score, Definition No (%)
Acute restenosis 0, — 26 (55)
1, Once 13 (28)
2, Twice 5 (11)
3, = Three times 3(6)
Entry factors  Score, Definition No (%) Entry factors Score, Definition No (%)
1. Sex 0, Female 9 (19) 9. Dissection 0, — 32 (68)
1, Male 38 (81) 1, Intraluminal filling
defect or faint, fine
2. Age 0, <50 4(9) extravasation of
1, 50 < <60 18 (38) contrast material 6 (13)
2,60 <70 14 (30) 2, Clear extravasation
3, 70 < 11 (23) of contrast material
or linear luminal
. . density or luminal
3. Onset time 0, Daytime staining 9 (19)
(8:00 AM
"10:00 PM) - 28 (60) 10. Collateral 0, — 35 (74)
1, Night vessels 1, Poor 9 (19)
(10: 00 PM 2 Well 3 (
-8:00 AM) 19 (40) !
11. Balloon/artery 0, 1.00 <R 11 (23)
4. Time from onset 0, T <120 5 (11) diameter 1, 0.90 <R <1.00 5 (11)
to PTCA (T) 1, 120 <T=<180 8 (17) ratio (R) 2, 0.80 <R <0.90 7 (15)
(min) 2, 180 <T =240 14 (30) 3, 0.70 SR <0.80 20 (43)
3, 240 <T <300 15 (32) 4, R <0.70 4(8)
4, 300 <T <360 5 (11)
12. Urokinase 0, 0-120,000 19 (40)
5. Lesion location 0, in LCA 31 (66) administration 1, 240,000-360,000 19 (40)
1, in RCA 16 (34) (units) 3, 480,000-600,000 9 (19)
6. Angle 0, <30 degrees 23 (49) 13. Systolic blood 0, 120 <P 15 (32)
1, =30 degrees 24 (51) pressure 1, 110 £ P <120 8 (17)
during PTCA 2, 100 =P <110 13 (28)
(mmHg) (P) 3, 90 <P <100 8 (17)
7. Involvement of 0, — 23 (49) 4, P< 90 3(6)
branch 1, + 24 (51)
14. Extent of 0, 1 Vessel 32 (68)
8. Occlusion 0, Subtotal 29 (62) coronary 1, 2 Vessels 12 (26)
1, Total 18 (38) arterial disease 2, 3 Vessels 3(6)

Abbreviations : LCA, left

coronary artery; RCA, right coronary artery; No, number of patients.
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teristics of the lesion and the patient’s hemody-
namical condition. After the termination of PTCA,
all patients were transfered to the coronary care
unit and were given 50 units/kg body weight of
heparin every 4h for 4 days. Aspirin and
dipyridamol were also administered orally.

Angiographic study of the coronary artery to
determine the patency of the revascularized coro-
nary artery was performed from 30 to 40 days
after the emergency PTCA.

The stenosis was determined by visual evalu-
ation from at least two angles of view and was
expressed as percent luminal reduction. We defined
acute restenosis as a lesion which was revascularized
to less than 50% luminar reduction and narrowed
again to more than 75% luminar reduction 5 min
after the termination of balloon inflation. Acute
restenosis was judged by two cardiologists who
had more than 300 experiances with coronary an-
giography. The factors influencing acute restenosis
studied herein were scored and assessed for each
patient (Table 1). An occluded lesion curving more
than 30 degrees in either or both the RAO and
LAO views was defined as a curved stenosis. A
stenosis involving a branch artery was defined as
a branching lesion. Diameters of the inflated bal-
loon and of infarct-related artery just proximal to
the lesion were measured on a cineangiofilm pro-
jector, and the mean balloon/artery ratio from the
RAO and LAO views was used for analysis. When
we changed balloon size, the diameter of the bal-
loon which was used just prior to the acute reste-
nosis was used for calculation of the ratio.

Data analysis.  For univariate analysis, we
used chi-square tests for discrete variables and
i-tests of correlation coefficients by simple regres-
sion analysis for continuous data. For multivariate
analysis, with the prevalence rate of the acute
restenosis as a dependent variable and 14 scored
characteristics as independent variables, (Table 1),
a stepwise linear multiple regression analysis was
used to determine factors significantly affecting
acute restenosis. For a rough comparison of the
strength of the influence of the factors on reste-
nosis, we calculated a standardized regression
coeflicients using standardized score which was
subtracted averaged score from each score divided
by the standard deviation of each factor. A multi-
variate normal distribution of the data was deter-
mined using probability plots. Multicolinearities
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of the factors were judged by variance inflation
factors. A p value of < 0.05 was considered sig-
nificant.

Results

Baseline characteristics. Both the guide
wire and balloon catheter could be passed
across the totally or subtotally occluded ar-
tery, and the balloon could be inflated in 47
of 50 patients. In one patient, the lesion
could not be crossed by the guide wire be-
cause the artery was too winding. In the
other 2 patients, only the guide wire passed
the lesion, but balloon catheter could not be
inserted across the lesion because PTCA
guiding catheter went away from coronary
orifice due to the stenosis being too rigid.
These 3 patients were excluded from the
study on acute restenosis. The 47 patients
were from 38 to 79 years old (mean, 61
years old) and consisted of 38 men and 9
women. The time from the onset of typical
severe chest pain to admission to our hospi-
tal was less than 4h (mean, 117 min).
The site of AMI was anterior, including
localized anterior, anteroseptal, anterolater-
al, anteroseptallateral, in 32 patients (68% ),
and inferior in 15 patients (32%). Serum
creatinine phosphokinase activity was still
within the normal range in all 47 patients.

Angioplasty. The infarct related artery
was the left anterior descending coronary ar-
tery in 29 (61%), left circumflex in 2 (4%),
and right coronary artery (RCA) in16(34%).
Acute restenosis occurred at least once in
21 of the 47 patients (44%). Table 2 shows
the results of univariate analysis of the fac-
tors influencing acute restenosis. Acute re-
stenosis was demonstrated in 10 of 15 le-
sions (67%) which showed dissection, and
in 12 of 24 curved lesions (50%). The re-
stenosis rate was frequent in RCA lesions
(11 of 15; 73%). On the other hand, acute
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Table 2 The results of univariate analysis
Factors Significance p Value
1. Sex NS®
2. Age NS
3. Onset time NS
4. Onset-PTCA time NS
5. Legion; location Significant p<0.01
6. ; curved NS (0.05 <p <0.10)
7. ; involvement of branch NS
8. ; occlusion NS
9. Dissection Significant 0<0.01
10. Collateral vessels NS
11. Balloon/artery diameter ratio Significant p <0.01
12. Urokinase administration Significant p <0.05
13. Systolic blood pressure during PTCA NS
14. Extent of coronary arterial disease NS
a: Not significant.
Table 3 Results of stepwise linear multiple regression analysis
Regression Standardized Partial
Factors coefficient regression correlation VIF®
coefficient coefficient
Dissection 0.47 0.41 0.53 (p <0.001) 1.01
Location 0.60 0.32 0.41 (p <0.005) 1.16
Urokinase administration —0.36 —0.29 0.40 (p <0.01) 1.02
Curved Lesion 0.51 0.28 0.40 (p <0.01) 1.02
Balloon/artery diameter ratio 0.18 0.27 0.36 (p <0.02) 1.14
constant —0.11
Multiple correlation coefficient = 0.76 (p < 0.01)
a: Variance inflation factor.
restenosis occurred only in 11 of 32 patients Multivariate analysis. Table 3 shows

(34%) with left coronary artery (LCA)
lesions. The restenosis rate was 58% (11
of 19) in patients administered less than
120,000 units of urokinase in contrast with
35% (10 of 28) in patients administered
more than 240,000 units. A balloon in
which balloon/artery diameter ratio of less
than 0.80 resulted in acute restenosis in 16
of 24 patients (71%) while restenosis was
demonstrated in only 5 of 23 patients (22%)
when the ratio was bigger than 0.80.

A significant correlation with other fac-
tors to acute restenosis was not obtained in
this study.
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the result of the stepwise linear multiple
regression analysis. The factors which sig-
nificantly contributed to the acute restenosis
were angiographic evidence of dissection,
lesion in the RCA, lack of or insufficient
urokinase administration preceding emergen-
cy PTCA, curved lesion and relatively small
balloon/artery diameter ratio. The ranking
of the strength of the factors was: dissec-
tion > lesion in the RCA > lack of or in-
sufficient urokinase administration > curved
lesion > small balloon/artery diameter ratio.
Distribution of scores of the factors fitted
multivariate normal fashion as judged by prob-
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ability plots. No multicollinearities were
obtained by variance inflation factors.
Post-PTCA angiographic study. Inall of
the patients without acute restenosis, the
infarct-related artery remained patent 30-40
days after the emergency PTCA. However,
reocclusion of the treated artery was rec-
ognized in 5 of 21 patients (19%) with acute
restenosis. In 2 of 3 patients (67%) who
suffered from restenosis more than 3 times,
the artery was occluded. Acute restenosis
was significantly correlated with late reoc-
clusion by chi-square test (p < 0.05).
Complications. No major complications
such as perforation or rupture of coronary
artery occurred in our series of emergency

PTCA.

Discussion

The major finding of this study was that
acute restenosis led to a decrease in long-
term of patency of the affected artery after
emergency PTCA. Factors which signifi-
cantly affected acute restenosis were: an-
giographic evidence of dissection, lesion in
the RCA, lack of or insufficient thrombolytic
agent administration preceding emergency
PTCA, curved lesion, and relatively small
balloon/artery diameter ratio.

Initial success rate. When initial suc-
cess was defined as revascularization to less
than 50% stenosis, at least once, by infla-
tion of the balloon, the rate of initial suc-
cess was 94% (47 of 50 patients). This
rate was not different between totally (95% )
and subtotally (94% ) occluded arteries. Ad-
vancing the guide wire through the stenotic
site to the distal part of the coronary artery
was usually easy. Approximately 80% of
the totally occluded sites were crossed in a
few minutes. When we met resistance at
the lesion, changing direction of the guide
wire allowed passage across the stenosis in
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most cases. Changing of the tip curvature
of the guide wire, however, was needed for
crossing in 7 cases, and changing type of
guide wire was helpful in one case. These
results suggest that the guide wire can safely
be passed across an occlusion site without
resistance even if the lesion is totally oc-
cluded. Our initial success rate compared
favorably with previous reports (6-16), and
suggested that emergency PTCA could re-
establish coronary blood flow more rapidly
than thrombolytic therapy.

There are no reports concerning acute
restenosis in emergency PTCA. The rate
of acute restenosis in emergency PTCA stud-
ied here was higher than that reported for
elective PTCA (17). Previous reports of
higher reocclusion rate in the catheterization
laboratory in emergency PTCA are consist-
ent with our results (13, 14, 16).

Factors  influencing acute restenosis.
Emergency PTCA must be performed in a
short time, because of the hemodynamic in-
stability of patients with AMI. Acute high
grade restenosis progresses to total occlu-
sion within several minutes, resulting in in-
terruption of blood flow to infarcting myo-
cardium. When acute restenosis occurred,
an additional PTCA procedure was needed,
and more time was required to establish
stable recanalization. Furthermore, repeat-
ing the restenosis led to disappointing result
in terms of long-term patency of the artery.
To define the factors which affects acute re-
stenosis could shorten the time required for
emergency PTCA and improve long-term pa-
tency.

Dissection and angularity of the lesion
correlated significantly with acute restenosis
in this study. Dissection occurred more fre-
quently in emergency PTCA than elective
PTCA (18). These results suggest that the
lesion might be more fragile in AMI as “ac-
tive disease” than in patients with stable
angina who underwent elective PTCA. The
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reason why there was a higher incidence of
acute restenosis in the RCA than in the LCA
was obscure. The difference in hydrodynam-
ical stress on the arterial wall and altered
characteristics of atherosclerotic formation
of the RCA from the LCA might play a role
in the higher incidence of restenosis (19,
20).

Of the factors which correlated signif-
icantly with acute restenosis, size of balloon
and administration of thrombolytic agent can
be controlled by the physician. Our result
that a thrombolytic agent improved short-term
results of emergency PTCA should be em-
phasized. The thrombolytic agent can be
administered during the preparation for the
PTCA without loss of time. Emergency PT-
CA can restore blood flow to infarct-area,
while high risk of thrombus formation at the
occluded site still remained unchanged. The
method for revascularization does not modify
the coagulability of the blood and the endo-
thelium of the injured vessel remains exposed
to the threat of thrombosis. Thus, preventing
thrombosis with a thrombolytic agent may
aid in obtaining a satisfactory short-term
result in emergency PTCA. Urokinase ad-
ministered before PTCA was effective in
reducing acute restenosis in this study. Pre-
vious reports of no adverse effects of throm-
bolytic therapy on the performance of emer-
gency PTCA are consistent with this result
(6, 9-11, 13, 14, 16). Higher thrombus
formation activity in patients with AMI might
play a role in acute restenosis. It was in-
dicated that thrombolytic therapy prior to
PTCA could reduce acute restenosis due to
reformation of a thrombus in the lesion.

The use of balloon smaller than the artery
was frequently associated with acute reste-
nosis. A previous experimental study dem-
onstrated that angioplasty within the true
elastic limits of the artery results in delayed
collapse of the dilated artery (21). Insuffi-
cient dilation within the elastic limits by a
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smaller balloon would explain the correlation
between inflated balloon/artery diameter ra-
tio and acute restenosis. The report of a
small balloon/artery diameter ratio resulting
in a higher rate of late restenosis in elective
PTCA seems consistent with our results
(22).

Although we observed a high incidence
of acute restenosis when a relatively small
balloon was used, a balloon as large as a to-
tally occluded artery can not be recommended
to for use, because the risk of rupture and
large dissection might increase. An opti-
mally sized balloon must be used and suffi-
cient dilation of the stenosis must be achieved
after the coronary arteriogram can be viewed
distal to the occluded site.

Late reocclusion. The infarct-related
artery was patent in 42 of the 47 patients
(89%) 30-40 days after the emergency PT-
CA. Previous studies indicated approxi-
mately the same rate as in our study (6-8,
13-16). A higher rate of late reocclusion
was found in patients with acute restenosis
in emergency PTCA. No reports are avail-
able concerning the relationship between the
acute restenosis and long-term patency. Le-
sions with acute restenosis might be more
fragile, complex and unstable than those
without restenosis. This might explain the
finding that acute restenosis increased the
rate of late reocclusion.

Conclusion. Our results indicated that
emergency PTCA could be effective in recan-
alization and revascularization of an oc-
cluded artery responsible for AMI. PTCA
provides more rapid and stable coronary re-
flow than thrombolytic therapy without major
complications. In these circumstances, emer-
gency PTCA would be the most effective pro-
cedure for rapidly restoring coronary blood
flow in AMI.

Although PTCA is effective in patients
with AMI, long-term patency is not complete.
The data presented herein may be useful in
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identifying patients with a high or low risk
of the acute restenosis in emergency PTCA.
Furthermore, this study indicates that it is
important to administer thrombolytic agent
prior to emergency PTCA and to use a bal-
loon of a adequate size.

Acknowledgment. We

thank the cardiac catheter-

ization laboratory staff for support in catheterization
and Miss Masako Emoto and Miss Yoshiko Mitsuchi for
secretarial work.

References

1.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 43/iss1/7

Maroko PR, Kjekshus JK and Sobel BE: Factors
influencing infarct size following experimental coro-
nary artery occlusion. Circulation (1971) 43, 67-
82.

Rude RE, Muller JE and Braunwald E: Efforts to
limit the size of myocardial infarcts. Ann Int Med
(1981) 79, 736-761.

Ganz W, Buchbinger N, Marcus H, Mondkar A,
Maddahi J, Charuzi Y, O’Conner L, Shell W, Fish-
bein MC, Kass R, Miyamoto A and Swan HJC:
Intracoronary thrombolysis in evolving acute myo-
cardial infarction. Am Heart J (1981) 101, 4-13.
Mathey DG, Kueh KH, Tilsner V, Krebber HJ,
Bleifeld W: Nonsurgical coronary artery recanal-
ization in acute’ transmural myocardial infarction.
Circulation (1981) 63, 489-497.

Reduto LA, Smalling RW, Freund GC, Gould KL :
Intracoronary infusion of streptokinase in patients
with acute myocardial infarction: effects of reper-
fusion on left ventricular performance. Am J Cardiol
(1981) 48, 403-409.

Mayer J, Merx W, Schmitz H, Erbel R, Kiesslich
T, Dorr R, Lambertz H, Bethge C, Krebs W,
Bardos P, Minale C and Messmer BJ: Percutaneous
transluminal coronary angioplasty immediately after
intracoronary streptolysis of transmural myocardial
infarction. Circulation (1982) 66, 905-913.
Hartzler GO, Rutherfold BD, McConahay DR, John-
son WL Jr, McCallister BD, Gura GM Jr, Comn
RC and Crockette JE: Percutaneous transluminal
coronary angioplasty with and without thrombolytic
therapy for treatment of acute myocardial infarction.
Am Heart J (1983) 106, 965-973.

Hartzler GO, Rutherfold BD and McConahay DR :
Percutaneous transluminal coronary angioplasty : ap-
plication for acute myocardial infarction. Am J
Cardiol (1984) 53, 117C-121C.

Gold HK, Cowley MJ, Palacios IF, Vetrovec GW,
Akins CW, Block PC and Leinbach RC: Com-

bined intracoronary streptokinase infusion and coro-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

nary angioplasty during acute myocardial infarction.
Am J Cardiol (1984) 53, 122C-125C.

DiSciascio G and Cowley MJ: The role of intra-
coronary thrombolysis and percutaneous transluminal
coronary angioplasty in evolving myocardial infarc-
tion. Cardiol Clin (1985) 3, 73-83.

Papapietro SE, MacLean WAH, Stanley AWH Jr,
Hess RG, Corley N, Arciniegas JG and Cooper
TB: Percutaneous transluminal coronary angioplasty
after intracoronary streptokinase in evolving acute
myocardial infarction. Am J Cardiol (1985) 55, 48-
53.

Holmes DR Jr, Smith HC, Vlietsra RE, Nishimura
RA, Reeder GS, Bve AA, Bresnahan JF and Che-
sebro JH: Percutaneous transluminal coronary an-
gioplasty, alone or in combination with streptokinase
therapy, during acute myocardial infarction. Mayo
Clin Proc (1985) 60, 449-456.

Prida XE, Holland JP, Feldman RL, Hill JA, Mac-
Donald RG, Conti R and Pepine CJ: Percutaneous
transluminal coronary angioplasty in evolving acute
myocardial infarction. Am J Cardiol (1986) 57,
1069-1074.

Fung AY, Lai P, Topol EJ, Bates ER, Bouldillon
PDV, Walton JA, Mancini J, Kryski T, Pitt B and
O'Neill WW: Value of percutaneous transluminal
coronary angioplasty after unsuccessfull intravenous
streptokinase therapy in acute myocardial infarction.
Am J Cardiol (1986) 58, 686-691.

O’Neill W, Timmis GC, Bourdillon PD, Lai P,
Ganghadarhan V, Walton J Jr, Ramos R, Laufer
N, Gordon S, Schork A and Pitt B: A prospective
randomized clinical trial of intracoronary streptokinase
versus coronary angioplasty for acute myocardial
infarction. N Engl J Med (1986) 314, 812-818.
Erbel R, Pop T, Henrichs KJ, Olshausen K, Schu-
ster CJ, Rupprecht HJ, Steuernagel C and Meyer
J: Percutaneous transluminal coronary angioplasty
after thrombolytic therapy: A prospective controlled
randomized trial. J Am Coll Cardiol (1986) 8,
485-495.

Dorros G, Cowley MJ, Simpson J, Bentivoglio LG,
Block PC, Bourassa M, Detre K, Gosselin AlJ,
Gruntzig AR, Kelsey SF, Kent KM, Mock MB,
Mullin SM, Myler RK, Passamani ER, Stertzer
SH and Williams DO: Percutaneous transluminal
coronary angioplasty: report of complications from
the national heart lung, and blood institute PTCA
registry. Circulation (1983} 67, 723-730.
Leimgruber PP, Roubin GS, Anderson HV, Bre-
dlau CE, Whitworth HB, Douglas JS Jr, King SB
II and Gruntzig AR: Influence of intimal dissection
on restenosis after successful coronary angioplasty.
Circulation (1985) 72, 530-535.

Gregg DE: Phasic blood flow and it’s determinants
in the right coronary artery. Am J Physiol (1937)
119, 580-588.

Enos WF: Pathology of coronary arteriosclerosis.



Kusachi et a.: Factors influencing acute high-grade restenosis in emergency

Acute Restenosis in Emergency PTCA 63

Am J Cardiol (1962) 9, 343-354. J, Dyrda I and Lesperance J: Restenosis after

21. Zarins CK, Lu C, Gewertz BL, Lyon RT, Rush successful percutaneous transluminal coronary an-

DS and Glagov S: Arterial disruption and remod- gioplasty : The Montreal Heart Institute Experience.
eling following balloon dilation. Surgery (1982) Am J Cardiol (1987) 60, 50B-55B.

92, 1086-1095.
22. Val PG, Bourassa MG, David PR, Bonan R, Crepeau Received September 8, 1988; accepted December 6, 1988

Produced by The Berkeley Electronic Press, 1989



