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Summary

The present study evaluated the effects of coronary collateral circulation developing after
acute myocardial infarction on global and regional left ventricular function during the chronic stage.
The study group consisted of 16 patients with initial myocardial infarction having total occlusion of
the proximal left anterior descending coronary artery. To eliminate the effects of collateral circulation
existing at the onset of infarction, patients with pre-infarction angina were excluded from this study.
The patients were categorized in two groups depending on the extent of their collateral circulation
(collateral index: CI 0~3): group A—patients with significant collateral circulation (CI=2 or 3) to
the infarct-related coronary artery; group B—patients without significant collateral circulation (CI=0
or 1).

Their heart rate, left ventricular peak systolic and end-diastolic pressures and cardiac index were
similar in the two groups.

The left ventricular end-systolic volume index in the group B was significantly greater than that
in the group A (60+21 mi/m? vs 34+9 mi/m?, p<0.05). Left ventricular ejection fraction in the group
A was significantly greater than that of the group B (5599, vs 39+15%, p<0.05), and a significant
difference was observed in the percentage of segment shortening in the infarct area between the groups
A and B (10.8+9.29, vs —0.2+5.49%,, p<0.01).

It was concluded that coronary collateral circulation which develops after acute myocardial
infarction exerts beneficial effects on global and regional left ventricular function during the chronic
stage.
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Introduction

There have been numerous clinical investiga-
tions of the efficacy of existing collateral cir-
culation at the onset of acute myocardial in-
farction in limiting infarct sizes!™®, salvaging
left ventricular function®®, and in reducing
mortality®. However, the role of collateral per-
fusion developing after infarction in preserving
myocardial function has yet to be clarified.

Experimental? and clinical studies® have
revealed a significant development of collateral
circulation following acute myocardial infarc-
tion. That pre-infarction angina causes forma-
tion of well-developed collateral circulation
has been well documented®®!?. In the present
cardiac study, to eliminate the effects of pre-
existing collateral circulation, patients with
pre-infarction angina were excluded from analy-
sis. For accurate evaluation of collateral perfu-
sion to the jeopardized myocardium, the reci-
pient coronary artery should be completely ob-
structed to establish a pressure gradient across
a collateral network!?. Accordingly, patients
with recanalization of infarct-related coronary
arteries were excluded from analysis.

The primary purpose of the present study
was to evaluate the effects of collateral circula-
tion developing after acute myocardial infarction
on global and regional left ventricular function,
as assessed by ventriculography during the
chronic stages.

Patients and methods

From April 1979 to March 1988, 143 patients
with recent transmural myocardial infarction
were referred for angiographic evaluation. Diag-
nosis of myocardial infarction was made accord-
ing to severe chest pain exceeding 30 min and
the presence of abnormal Q waves on standard
12 lead electrocardiograms. Among the 143 pa-
tients, 119 had had initial myocardial infarction.
Excluded were 37 patients with the recanalized
infarct-related coronary artery, 48 with pre-in-
farction angina, and 18 with the total occlusions
of either right coronary artery (n=13) or the

left circumflex coronary artery (n=5). The
remaining 16 patients with total occlusion of
the proximal left anterior descending coronary
artery composed the present study group (Fig.
1). There were 12 men and four women whose
mean age was 55+9 years (range 32~68 years).
Pre-infarction angina was defined as ‘ typical ”
chest pain occurring more than one week prior
to acute myocardial infarction.

Catheterization and data acquisition

At fifty-seven days (range 26~185 days)
after acute myocardial infarction, all patients
undergoing conventional diagnostic right- and
left cardiac catheterization together with left
ventriculography and selective coronary angio-
graphy signed appropriate consent forms. All
medications were withheld for at least 24 hours
prior to the procedure. Cardiac output was
determined by the thermodilution technique.
Pressures were measured under the basal condi-
tions with standard water-filled catheters. Selec-
tive coronary arteriography was performed by
the brachial or femoral approach using Reno-
grafin-76® contrast medium. All angiograms
were recorded at 60 frames/sec on 35 mm Kodak

143 Recent MI

N

24 Reinfarction 119 First MI

— N

37 Recanalized 82 Total Occlusion

_——

48 Preinfarction Angina (+) 34 Preinfarction Angina (=)

16 LAD
Total Occlusion

18 RCA or LCX
Total Occlusion

Fig. 1. Selection of the study population.

There were 119 patients with a first myocardial
infarction. Thirty-seven patients with a subtotal oc-
clusion of the infarct-related artery in coronary cine-
angiograms, 48 with pre-infarction angina and 18 with
a total occlusion of either the right coronary artery
or the left circumflex coronary artery were excluded.
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CFS film using a six-inch Toshiba image inten-
sifier system. Contrast medium was injected
with sufficient force and quantity to achieve
good visualization of the coronary arteries.
Multiple projections of the right and left coro-
nary arteries were routinely obtained. After left
ventricular pressures had returned to the base-
line level, left ventricular cineangiography was
performed in a 30° right anterior oblique pro-
jection using the 9-inch image intensifier system.
Left ventricular opacification was achieved
after the injection of 30~40m! radiopaque con-
trast medium (809%, Angioconray®) at a rate of
10~14 mlfs. Two lead markers were used as
fixed references for the superimposition of im-
ages. After completion of this study, a 1cm
cross-hatched grid was filmed at the same dis-
tance from the X-ray tube and an image inten-
sifier, as the fixed reference.

Analysis of data

A consensus of impressions of three ob-
servers who were unaware of the detailed data
concerning left ventriculography was used for
visual assessments of the coronary cineangio-
grams, including collateral artery opacifica-
tions. The extent of opacification of the colla-
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The role of collateral circulation

teral and epicardial arteries distal to the com-
pletely occluded coronary artery was scored from
0 to 3 (collateral index: CI): grade 0=no col-
lateral opacification; grade 1=filling of branches
of the artery to be perfused by collateral vessels
without visualization of the epicardial seg-
ments; grade 2=npartial filling of the epicardial
segments by collateral vessels; and grade 3=
complete filling of the epicardial segments by
collateral vessels. Using a sonic digitizing de-
vice one observer who was unaware of the data
of coronary angiography traced two left ven-
tricular silhouettes in end diastole and end
systole. The end-diastolic frame was deter-
mined by ECG simultaneously recorded on
the cinefilm as the frame nearest the peak of
an R wave. The frame showing the smallest
ventricular volume designated as the end-
systolic frame. Left ventricular volumes were
calculated using a modified formula of Ken-
nedy et al'®. The ventricular silhouette at
end-systole was superimposed on the end-
diastolic frame using two external reference
markers'®. Thirty-six radial grids were drawn
from the center of gravity of the end-dia-
stolic silhouette to the endocardial margin.
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Fig. 2. Regional wall motion of the left ventricle was analyzed by measuring the length
of radial grids drawn from the geometric center of gravity of the end-diastolic silhouette
to the endocardial margin. Changes in the lengths of grid lines (#9~#18) represent

segmental motion of the anterior wall.
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Among these 36 radial grids, 30 encompassed
the outline of the left ventricular cavity,
excluding the regions of the aortic and initral
valves. In the present study, changes in the
means of lengths of ten grids (#9~#18) in the
anterior segment were considered to denote
wall motion of the anterior infarct region (Fig.
2). The percentage of systolic segment shorten-
ing was calculated using the following formula:
(end-diastolic length — end-systolic length) x
100/end-diastolic length.

Subgroups

The patients were categorized in two groups
depending on the extent of their collateral circu-
lation: group A-patients who had significant

collateral circulation (CI=2 or 3) to the infarct-
related coronary artery, and group B-patients
who had no significant collateral perfusion
(CI=0or1).

Statistical analysis

All values are expressed as means=+SD.
Differences in means were compared using the
unpaired Student’s t-test. A probability (p)
value of less than 0.05 was considered signi-
ficant.

Results

Coronary collateral index
Among the six patients in the group A, five
had fairly good collateral development (CI=2)

Table 1. Summary of 16 patients each with a completely occluded LAD
) Segment* and e:gten: of coronary
Palt\}zr')t A%: s(gr;s) stenosis (%) Cciog:(ait;:al Interval**
RCA LAD LCX
Group A (good collaterals)
1 65 M 2:75 6: 100 11: 90 2 4W
2 54 M — 6: 100 — 2 10w
3 52 M — 7: 100 — 2 5W
4 57 M — 7: 100 — 3 5SW
5 68 F — 7: 100 — 2 4w
6 55 M 2: 75 7: 100 14: 75 2 8w
3:90
Group B (poor collaterals)

1 55 F — 6: 100 — 0 IwW
2 57 M — 7: 100 — 1 6W
3 47 M — 7: 100 — 1 6W
4 58 F — 6: 100 11: 75 1 6W
5 65 M — 7: 100 — 0 5W
6 59 M — 7: 100 — 0 13W
7 32 M — 7: 100 — 0 5W
8 56 M — 6: 100 — 0 SW
9 62 F 2:75 7: 100 13: 90 0 8W
10 41 M — 6: 100 — 0 9w

* Coronary artery segments were identified and categorized according to a reporting system proposed by the

American Heart Association!®).

** Time interval from the onset of myocardial infarction to angiographic evaluation.
Abbreviations : LAD =left anterior descending coronary artery; RCA =right coronary artery; LCX=left cir-

cumflex coronary artery; W=weeks.
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Table 2. Hemodynamics and global left ventricular function

HR LVPSP LVEDP CI LVEDVI LVESVI EF

(beats/min) (mmHg) (mmHg) (L/min+m?) (ml/m?) (ml/m?) (%)
Group A 70+11 135+12 12+6 3.3+£0.4 80£15 34+9 55+9
Group B 7614 122413 17+9 3.1£1.0 99+23 60+21 39+15
p value NS NS NS NS NS <0.05 <0.05

HR =heart rate; LVPSP=left ventricular peak systolic pressure ; LVEDP =left ventricular end-diastolic pres-
sure; Cl=cardiac index; LVEDVI=left ventricular end-diastolic volume index ; LVESVI=left ventricular end-
systolic volume index; EF =ejection fraction; NS=not significant.

and one had a well-developed collateral cir-
culation (CI=3). In seven of the 10 patients in
the group B, collateral vessels were not visu-
alized (CI=0); and three had poor collateral
development (CI=1) (Table 1).
Hemodynamics and left ventricular function
The hemodynamic data for each group are
shown in Table 2. There were no significant
differences in heart rate, left ventricular peak
systolic and end-diastolic pressures and the
cardiac index between the two groups. The left
ventricular end-diastolic volume index tended
to be greater in the group B, and the end-
systolic volume index was significantly greater
in the group B as compared to the group A
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Fig. 3. Left ventricular ejection fraction.

(60+21 m//m? vs 3449 mi/m?, p<0.05). Ejec-
tion fraction was significantly greater in the
group A as compared to the group B (55+
9% vs 39+15%, p<0.05) (Fig. 3). Regional
wall motion in the infarct region was also
significantly greater in the group A than in the
group B (10.8+9.29%, vs —0.2+5.4%,, p<0.01)
(Fig. 4).

Discussion
Role of collaterals in the preservation of left
ventricular function
In the present study angiographically demon-
strable collaterals were associated with better
preservation of regional wall motion in the

w) °
p<0.01
201 T
[ ]
10} e 9 °
[ ]
[ ] [ ]
0 * - : T
o
[ 3
o
[ ]
....‘|0~
Group A Group B
(n=6) (n=10)

Fig. 4. Left ventricular regional wall motion
in the infarct area.
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region perfused by the infarct-related coronary
artery. Previous studies have emphasized the
importance of collateral blood flow to the in-
farct zone upon acute coronary occlusion for
salvaging the myocardium to be rendered
ischemicl419  for protection against cardio-
genic shock® and preserving regional myo-
cardial function’¥. Our data demonstrated that
collateral circulation developing after infarction
also has a crucial role in preserving regional
function of the jeopardized myocardium.

Collateral development after infarction

Although this retrospective study could not
provide any insight into the presence of collat-
eral vessels at the onset of infarction, it seems
unlikely that patients without pre-infarction
angina have good collateral circulation before
infarction. We have recently reported that col-
lateral circulation was observed in only two of
19 patients without pre-infarction angina who
had coronary angiography within six hours of
the onset of infarction®. Thus, it is reasonable
to assume that collateral vessels in our patients
developed after infarction, although there is no
information as to when or how they were for-
med. In view of these acknowledged beneficial
effects of collateral perfusion, attempts could
be made to stimulate collateral growth after
infarction.

Conclusion

Coronary collateral circulation developing
after acute myocardial infarction exerts benefi-
cial effects on global and regional left ventri-
cular function during the chronic stage.

-3 #

BERICHRE LEBRBMITEROBELE O
BREICRITTRE

BLEMERAE FZHHE

LhfmiE, BEE®R BEH &

ZFPA, REFHIEK, BIUER
BB ER I FE L oS MR THESR O.0
BN ERRE I KT L RAf L
BEMBMELF S RWIIEEESE ©, B4

2B B EEIRER 12T, EM TITESRAECS
SFAEY RO CRBEEERE 16 flaxge L.
EMRIMLFTIEER D RIE DTREE & 4 B i /1) (CL
=0~3), HERGH (A #; CI=23) r#=ER
B# (B #; CI=0,1) izkiJ 32 BHHALEMmMST
BiE, ¥ X OEEI O RETEEES & R ICFHE
L.

A gt O6#) & B R (04) T, LK,
EZEIGHEIIE, ERHEHRE, MRERIZER
CTholed, EBNERAREFRET A #T
BB/ TH o7z (3429 ml/m? vs 60+ 21 ml/m2,
p<0.05). E=EFHRIZ A BETRKEL (55+£9% vs
39+£15%, p<0.05), FEEMFATELERERD A B
B BEXYLBIFTH o (108+£9.2% vs—0.2
+5.4%, p<0.01).

DEXY, SHUFEERCREL RGRE
BIIRMIBIMATER 3, ERL4MiER X OHEESD
EZRPTEERZ BIFICR OO ICERT 5 LiEH
Shi.

References

1) Nohara R, Kambara H, Murakami T, Kadota K,
Tamaki S, Kawai C: Collateral function in early
acute myocardial infarction. Am J Cardiol 52:
955-959, 1983
Rentrop P, Blanke H, Karsch KR, Rutsch W,
Schartl M, Merx W, Dorr R, Mathey D, Kuck
K: Changes in left ventricular function after in-
tracoronary streptokinase infusion in clinically
evolving myocardial infarction. Am Heart J 102:
1188-1193, 1981
Schwarz F, Schuler G, Katus H, Mehmel HC,
von Olshausen K, Hofmann M, Herrmann HJ,
Kubler W: Intracoronary thrombolysis in acute
myocardial infarction: Correlations among serum
enzyme, scintigraphic and hemodynamic find-
ings. Am J Cardiol 50: 32-38, 1982
4) Schwartz H, Leiboff RH, Katz R]J, Wasserman
AG, Bren GB, Varghese PJ, Ross AM: Arterio-
graphic predictors of spontaneous improvement
in left ventricular function after myocardial in-
farction. Circulation 71: 466—472, 1985
5) Saito Y, Yasuno M, Ishida M, Suzuki K, Matoba
Y, Emura M, Takahashi M: Importance of coro-
nary collaterals for restoration of left ventricular

2

~

3

~



6)

7

8

~

9)

10)

11)

function after intracoronary thrombolysis. Am J
Cardiol 55: 1259-1263, 1985

Williams DO, Amsterdam EA, Miller RR, Mason
DT : Functional significance of coronary collateral
vessels in patients with acute myocardial infarc-
tion: Relation to pump performance, cardiogenic
shock and survival. Am J Cardiol 37: 345-351,
1976

Marcus ML, Kerber RE, Ehrhardt J, Abboud
FM: Effects of time on volume and distribution
of coronary collateral flow. Am J Physiol 230:
279-285, 1976

Schwartz H, Leiboff RH, Bren GB, Wasserman
AG, Katz R]J, Varghese PJ, Sokil AB, Ross AM:
Temporal evolution of the human coronary col-
lateral circulation after myocardial infarction. J
Am Coll Cardiol 4: 1088-1093, 1984

Fujita M, Sasayama S, Ohno A, Nakajima H,
Asanoi H: Importance of angina for development
of collateral circulation. Br Heart J 57: 139-143,
1987

Aygen M: Collateral circulation and regional
myocardial function. Bibl Cardiol 36: 136-140,
1977

Rentrop KP, Cohne M, Blanke H, Phillips RA:
Changes in collateral channel filling immediately
after controlled coronary artery occlusion by an

12

~

13)

14)

15)

16)

— 37 —

The role of collateral circulation

angioplasty balloon in human subjects. J Am
Coll Cardiol 5: 587-592, 1985

Kennedy JW, Trenholme SE, Kasser IS: Left
ventricular volume and mass from single plane
angiogram: A comparison of anteroposterior and
right anterior oblique methods. Am Heart J 80:
343-352, 1970

Fujita M, Sasayama S, Kawai C, Eiho S, Kuwa-
hara M: Automatic processing of cineventriculo-
grams for analysis of regional myocardial func-
tion. Circulation 63: 1065-1074, 1981

Rogers W], Hood WP Jr, Mantle JA, Baxley
WA, Kirklin JK, Zorn GL, Nath HP: Return of
left ventricular function after reperfusion in pa-
tients with myocardial infarction: Importance of
subtotal stenoses or intact collaterals. Circulation
69: 338-349, 1984

Blanke H, Cohen M, Karsch KR, Fagerstrom R,
Rentrop KP: Prevalence and significance of re-
sidual flow to the infarct zone during the acute
phase of myocardial infarction. J] Am Coll Car-
diol 5: 827-831, 1985

Austen WG, Edwards JE, Frye RL, Gensini GG,
Gott VL, Griffith LSC, McGoon DC, Murphy
ML, Roe BB: A reporting system on patients
evaluated for coronary artery disease. Circulation
51 (Suppl IV): 540, 1975



