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Angiographical demonstration of coronary collateral circulation may suggest the presence of residual

viable myocardium. The development of coronary collaterals was judged according to Rentrop’s classifica-
tion in 37 patients with old anteroseptal myocardial infarction and 13 control patients with chest pain syn-
drome.

The subjects with myocardial infarction were divided into 2 groups: 17 patients with the main branch of
the left coronary artery clearly identified by collateral blood flow from the contralateral coronary artery
[Coll (+) group, male/female 10/7, mean age 56.6 years]and 20 patients with obscure coronary trunk
[Coll (—) group, male/female 16/4, mean age 54.9years]. Thallium-201 myocardial scintigraphy and
examination of local myocardial metabolism were carried out by measuring the flux of lactic acid under
dipyridamole infusion load. Coronary stenosis of 99% or total occlusion was found in only 5 of 20 patients
(25%)in the Coll (—) group but in 16 of 17 patients(94%)in the Coll (+) group (p < 0.001) . Redistri-
bution of myocardial scintigraphy was found in 11 of 15 patients(73%)in the Coll(+ ) group, but only 3
of 18 patients (17%) in the Coll (—) group (p < 0.01). The myocardial lactic acid extraction rate was
—13.2 % 17.0% in the Coll (+) group, but 9.1 % 13.2% in the Coll(—) group (p < 0.001)..

These results suggest that coronary collateral may contribute to minimizing the infarct area and to pre-
diction of the presence of viable myocardium.
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INTRODUCTION

Coronary collaterals are the result of neovascu-
larization following various stimuli such as perfu-
sion pressure gradient"?and myocardial ischemia®¥
and contribute to the preservation of cardiac perfor-
mance>® and the prolongation of anginal
threshold”. Coronary collaterals minimize the
infarcted area in acute coronary events®’and, there-
fore, most cardiologists consider that viable
myocardium remains in the infarcted area and that
the tissue is nourished through the well-developed
collaterals to revascularize these occluded vessels.

In this study, we tested whether or not angio-
graphically-demonstrated collaterals predict the
presence of residual viable myocardium by examin-
ing regional myocardial metabolism.

METHODS

Study population

This study was approved by the Institutional
Review Board for Human Experimentation at
Osaka Medical College and written informed con-
sents were obtained from all participants.

The study population consisted of 37 patients
who had old anteroseptal infarction with a history
of 1 to 5 months (mean 2.1 months), and had enzy-
matic abrormality and ST deviation in precordial
electrocardiogram. All patients had angiographical
stenotic lesions (= 90%)in the left anterior
descending artery or in other vessels. Thirteen
patients with chest pain syndrome who were angio-
graphically normal constituted the control group
(male/female 7/6, mean age 58.7 years).

The patients with a history of infarction were
subdivided into 2 groups based on the development
of coronary collaterals by Rentrop’s classification:
Coll(—)group; 0° = no collaterals and I° = only
septal branches detectable (n = 20, male/female
16/4, mean age 54.9 years.) ; and Coll (+) group;
II" = anterior descending artery detectable and
I’ = main branch clearly detectable (n =17,
male/female 10/7, mean age 56.6 years; Table 1).

Thallium-201 scintigraphy with dipyridamole

infusion

A rotatable camera (ELZ-7500, Siemens)
equipped with a low-energy, high-resolution colli-
mator and interfaced with a digital computer
(Scintipack 2400, Shimazu) was used for all stud-
ies.

Three min after the intravenous infusion of 0.568
mg/kg of dipyridamole over 4 min, 2mCi of thalli-
um-201 was injected. Cardiac images were generat-
ed by oblique angle reconstruction, which produced
short-axis, vertical long-axis and horizontal long-
axis slices from apex to base.

Thallium-201 uptake in the anteroseptal wall,
corresponding to the anterior descending coronary
artery, was estimated on initial and delayed images
(3 hr after injection of dipyridamole) and judged as
complete redistribution, partial redistribution or
persistent defect by 3 independent reviewers.

Diagnostic catheterization

Standard left heart catheterization was performed
using Judkins’ technique after fasting and following
the discontinuation of all cardiovascular agents for
24 hr. Left ventriculography was performed at right
anterior oblique 30° projection and wall motion
abnormality was assessed. Coronary angiography
was performed with intra-aortic administration of
2mg isosorbide dinitrate and multiple views were
obtained. Angiographical findings were assessed
using the American Heart Association classification
by a few independent reviewers.

Coronary collaterals to the left anterior descend-
ing artery (via the right coronary system on right
anterior oblique 30° projection) were graded using
Rentrop’s classification".

Coronary circulation and metabolic study

Within an one-week period following the diag-
nostic catheterization, a 19G elastic needle was
punctured into the right radial artery and a 7F mul-
tithermister thermodilution catheter (Wilton
Webster Inc) was inserted into the great cardiac
vein by incision of the right cubital vein after dis-
continuation of cardiovascular agents for 24 hr.
Great cardiac venous flow (GCVF, m//min) was
then measured by the thermodilution technique,
taking care that the catheter tip remained stable
without baseline drift of the thermodilution signal.

Arterial (A) and great cardiac venous (C)blood
samples were obtained simultaneously for measure-
ment of lactic acid content (mg/dl, Diagluca,
Toyobo Inc). All flow and metabolic measurements
were performed at resting state (R)and following
0.568 mg/kg intravenous dipyridamole infusion
(DP) over 4 min.

Calculations were performed using the following
formulas;
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Table 1 Patient profiles

o]

Group Case Gender (M/F) Age (yr)

60 - -
58 - -
61 - -
43 - -
66 - -
65 - -
61 - -
63 - -
55 - -
63 - -
74 - -

12 50 - -

13 44 - - -
MeantSD _ 7/6 __58.7+8.8 0/13 0/13,

ML Qwave

Control
(n=13)

00NN D WN -

O

10
11

e B B e IO B e IS

\O
zz-nz-n-nzz-n-n-nzzzz;-n
3
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17 39
Mean+SD 10/7 56.6+12.3 17/0 1077

Coll (+)group: patients with anterior descending artery and
main branch clearly detectable by Rentrop’s classification.

Coll (—)group: patients with no collaterals or only septal
branches detectable by Rentrop’s classification.

M=male ; F=female ; PMI=prior myocardial infarction.
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Coronary flow teserve (%)
=DER X Gevex 100

Myocardial lactic acid extraction rate (LER, %),

_(A)-(©)
=S X100

Statistical analysis

Coronary hemodynamics and lactic acid extrac-
tion rate were calculated as mean & SD. Data for
the 2 groups were compared using Student’s #-test.
Data for the 3 groups were compared by one-way
analysis of variance. Data for each group were
compared using Scheffe’s multiple-comparison test
for significance at the p < 0.05 level. Collateral
development, scintigraphical findings and severity
of coronary stenosis were analyzed using the chi-
square test.

RESULTS

Angiographical findings(Table 2)

Wall motion abnormality in the Coll (—) group
tended to be more severe than that in the Coll (+)
group, which included 3 patients with normal wall
motion. Only 5 of 20 patients (25%) in the Coll (—)
group had 99% luminal stenosis of the left anterior
descending artery, but 16 of 17 patients (94%)in
the Coll (+) group exhibited = 99% luminal steno-
sis(p < 0.001).

Thallium-201 scintigraphical findings(Table 3)

Complete redistribution in the anteroseptal
region was found in only 3 patients (17%)in the
Coll (—) group, but in 11 patients (73%)in the Coll
(+) group (p.< 0.01) . Persistent defect was found
in 9 patients (50%) in the Coll (—) group but only 2
patients (14%) in the Coll (+) group.

Coronary hemodynamics (Table 4)

GCVF did not differ at rest nor during dipyri-
damole infusion between the 3 groups|at rest: con-
trol group 62.0 % 20, Coll (—) group 63.0 + 17,
Coll (+) group 67.6 = 39ml/min; dipyridamole
infusion : control group 172 =+ 42, Coll (—) group
161 & 92, Coll (+) group 150 £+ 100 m!/min].
Coronary flow reserve tended to be lower in both
Coll (—)and Coll (+) groups than in the control
group, but not to a significant extent[control group
197 = 103%, Coll(— )group 138 =+ 102%, Coll(+)
group 131 & 98%; Fig. 1].
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Table 2 Angiographical findings

Group Case LVG CAG Coll
Control 1 N N -
(n=13) 2 N N —

3 N N -
4 N N -
5 N N —
6 N N -
7 N N —
8 N N
9 N N -
10 N N -
11 N N —
12 N N -
___________________ 3 N N T
Coll (—) 1 3A #6:90 0
(n=20) 2 2A,3A #6:90 0
3 2H,3H #6:90 0
4 3D #7:90 0
5 2A,3A #7:90 0
6 2A3A #7:90 0
7 2H,3D #7:90 0
8 2A,3A #6:90 0
9 2H,3D #6:90 0
10 2A,3A #6:90 0
11 2D,3D #6:99 0
12 2H,3A #7:90 0
13 2A,3D #7:99 I°
14 2H,3A #6:90 I°
15 2H,3H #6:90 I°
16 2A,3A #6:90 I°
17 2A,3A #7:99 I°
18 2A,3D #6:99 I°
19 2A,3A #7:90 I°
................... 20 . 2H3A #7999  I°
Coll (+) 1 2H,3H #6:99 o’
(n=17) 2 2H,3H #7:100 I°
3 2H,3D #6:99 o°
4 3D #7:99 o
5 3H #6:99 g
6 3H #7:99 I
7 2D,3D #6:100 o°
8 2H,3H #6:99 m°
9 N #7:100 m°
10 N #6:100 m°
11 N #7:100 illg
12 2H #7:90 m°
13 2H,3H #6:100 m°
14 2H,3H #7:100 m°
15 2H #7:99 m°
16 2H,3A #6:99 m°
17 2H,3H #7:99 m°

Area 2, area 3 and #6, #7: American Heart Association
classification of CAG and LVG (H=hypokinesis, A =akinesis,
D=dyskinesis). 0—II°: collateral grade by Rentrop’s
classification.

CAG=coronary angiography ; LVG=left ventriculography ; N
=normal.

Explanation of the groups as in Table 1.

Table 3 Thallium-201 myocardial scintigraphy
(dipyridamole infusion load)

Finding
Group n Complete Partial Persistent
redistribution redistribution  defect
Coll (—) 18 3(17) 6(33)  9(50)
Coll (+) 15 11(73)* 2(13)  2(14)

( ):%. *p<0.01.
Explanation of the groups as in Table 1.

Severity of coronary stenosis and myocardial

lactic acid metabolism

LER following dipyridamole infusion (an index
of myocardial anaerobic metabolism)was signifi-
cantly lower in patients with = 99% stenosis than
in patients with 90% stenosis (LER = 10.2 +
14.7% in 90% stenosis, and —9.7 + 16.8% in 99%
stenosis, p < 0.001; Fig. 2).

Coronary collaterals and myocardial lactic

acid metabolism(Table 5)

LER at rest did not differ significantly between
the 3 groups, but LER following dipyridamole infu-
sion in the Coll(+) group was significantly lower
than in the control and Coll (— ) groups [control
group 6.0 + 5.5%, the Coll(—) group 9.1 £ 13.2%,
Coll (+ ) group—13.2 + 17.0%, p < 0.001 ;
Fig. 3].

DISCUSSION

Evaluation of residual viable myocardium per-
fused by the occluded coronary vessels is important
in patients undergoing coronary revascularization
such as percutaneous transluminal coronary angio-
plasty or coronary artery bypass grafting for old
myocardial infarction. Myocardial stress scintigra-
phy, dobutamine stress echocardiography and
myocardial contrast echocardiography have had
some limitation in the diagnosis of viability. This
study examined myocardial metabolism based on
the assumption that the coronary collaterals are
responsible for myocardial ischemia and perfuse
the occluded coronary artery in myocardial infarc-
tion.

The significance of the coronary collaterals at the
onset of infarction has been much discussed. Habib
et al.”reported that a low peak creatine kinase
value and slight wall motion abnormality were
found in patients with good collaterals among 125
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Table 4 Coronary hemodynamics

Group Case GCVF(R) (ml/min) GCVF(DP) ~ CFR(%)
Control 1 50 151 201
(n=13) 2 40 166 315

3 76 182 139
4 52 179 244
5 60 164 173
6 48 157 227
7 64 115 80
8 40 218 445
9 50 154 208
10 59 182 208
.1 111 272 145
12 79 188 138
13 77 105 36
SRR MeantSD __62+20 170£42 197103
Coll (—) 1 52 193 271
(n=20) 2 79 139 76
3 89 179 101
4 67 360 437
5 54 56 4
6 64 105 64
7 63 103 64
8 37 129 249
9 54 106 9
10 42 71 69
11 53 97 83
12 42 180 164
13 65 150 131
14 94 174 85
15 60 128 113
16 87 177 103
17 47 112 138
18 49 78 59
19 78 419 249
20 85 257 202
] MeantSD __ 63+17 . 161+92  138+102

Coll (+) 1 64 82 28

(n=17) 2 62 138 123
3 43 128 198
4 67 167 149
5 59 76 29
6 64 275 330
7 84 65 -23
8 69 161 133
9 39 98 151

10 51 219 329
11 41 121 195
12 164 240 46
13 49 62 27
14 37 68 84
15 61 134 120
16 166 449 170
17 29 68 134

Mean+SD 67.6%£39 150%£100 13198

GCVF=great cardiac venous flow ; R=rest ; DP=dipyridamole ;
CFR =coronary flow reserve.
Explanation of the groups as in Table 1.
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CFR

(m| /min) NS NS
200 200

100 = / g 100
e

0

O Control @ Coll-) @ Coll (+)

Fig.1 Coronary hemodynamics
Explanation of the groups and abbreviations as in
Tables 1, 4.

LER(%) 90% =99%
(n=16) (n=21)
40 o
6 p <0.001
: &
&
0 Q | Dz
8
=20
-40
O: 90%

@ 99% stenosis of left anterior descending coronary artery
@ :100%

Fig. 2 Severity of coronary stenosis and myocardial
lactic acid metabolism
LER = lactic acid extraction rate.

patients who did not undergo recanalization in the
Thrombolysis in the Myocardial Infarction (TIMI)
Study. According to Freedman et al.'”, the coro-
nary collaterals were found in all patients with non
Q wave infarction, but only 76% patients with Q
wave infarction. In our results also, 17 of 20
patients (85%) in the Coll (—) group showed infarc-
tional Q waves in electrocardiogram, but only 10 of
17 patients (59%)in the Coll (+) group. These
results suggest that in the Coll (— ) group, athero-
matous rupture and formation of fibrin-rich thrombi
were the main causes for sudden coronary occlu-
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Table 5 Myocardial lactic acid metabolism

Group Case LER(R) (%)  LER(DP)(%)
Control 1 27.6 20.0
(n=13) 2 6.5 1.7

3 99 3.4
4 24.6 45
5 17.6 52
6 32.9 8.5
7 27.0 53
8 14.3 . 44
9 10.8 29
10 0.0 0.0
11 317 14.3
12 -85 5.6
13 13.9 23

______________ MeantSD 16.0%£125 _ 60+£55
Coll (—) 1 15.6 -6.5
(n=20) 2 -2.1 -6.5
3 23.0 29
4 47.6 27.0
5 28.9 19.0
6 21.7 54
7 429 243
8 375 289
9 50.0 6.9
10 31.4 33
11 143 5.2
12 19.7 37.6
13 28.1 1.8
14 425 -59
15 18.9 12.8
16 21.4 17.8
17 31.9 9.5
18 11.1 0.0
19 25.0 11.1
20 15.2 -54

.............. MeantSD ... .262+132 9.1%+132
Coll (+) 1 24.0 0.0
(h=17) 2 25.4 -2.0
3 32.6 -13.0
4 254 -6.8
5 -20.3 —34.4
6 33.3 -83
7 15.4 -15.2
8 223 -1.0
9 7.4 -55
10 17.8 -7.0
11 20.4 -6.8
12 10.9 -89
13 17.3 -51.4
14 7.4 -4.3
15 15.7 -46.5
16 12.8 -25.6
17 294 12.9

Mean=+SD 17.5+12.6 -13.2+17.0

Explanation of the groups and abbreviations as in Tables 1, 4,
Fig. 2.

LER(%) : -
40 - -
L] | R
[
§
20 ° .
. ;%
[ ) o -
0 i”§ !._L :T Y - r
°
. ! t¢ F
SI ®
-20
L ]
- A4
-40 J
*
[ ]
Control O r i *m°
(n=13) (n=12) (n=8) (n=7) (n=10)
L1 L 1
LER(%) Coll(-} . Coll (+)
40
~
20 ) \T
—_— \%
0 ? T *
T * | *
* |*
*
-20
*xk p<0. 001
*x  p<0.01
* p<0.05
. R DP

Fig. 3 Angiographically demonstrated collaterals and
myocardial lactic acid metabolism following
dipyridamole infusion
Explanation of the groups and abbreviations as in
Tables 1, 4, Fig. 2.

sion. In the Coll(+)group, coronary stenosis had
gradually progressed to develop these good collat-
erals. Thus, acute coronary occlusion due to the
formation of platelet-rich thrombi minimized the
infarcted area.

There may be a relationship between the severity
of coronary stenosis and the coronary collaterals,
Gensini et al."reported in 1969 that the develop-
ment of the coronary collaterals required luminal
stenosis at more than 50% in the recipient coronary
artery. However, after advances in imaging equip-
ment, Goldberg ez al.'?in 1983 stated that coronary
collaterals were not found in any case of coronary
stenosis at less than 90%, 39% of the subtotally
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occluded cases and 84% of the totally occluded
cases. Cohen et al."also reported that the rate of
development of coronary collaterals toward occlud-
ed blood vessels via the contralateral artery in
percutaneous transluminal coronary angioplasty
showed good positive correlation with the severity
of preoperative coronary stenosis. In our results 15
of 20 patients showed 90% stenosis and only 5
patients showed 99% stenosis in the Coll (—)
group, whereas in the Coll(+) group, subtotal or
total occlusion was found in 16 of 17 patients.
These results indicate that the difference in the
coronary perfusion pressure between the contralat-
eral and recipient arteries is important for the
development of coronary collaterals and at least
subtotal coronary stenosis is required for the recipi-
ent artery.

Fujita et al.'”reported a relationship between the
myocardial viability and the coronary collaterals in
patients with chronic myocardial infarction using
scintigraphy, and detected more residual viable
myocardium in patients with good collaterals. In
our study, thallium-201 myocardial scintigraphy
under dipyridamole loading showed that complete
redistribution, a sign of residual viable myocardi-
um, was more frequently found in the Coll (+)
group than in the Coll (—) group (73% vs 17%, p <
0.01) and these results indicate that good collaterals
can minimize the infarcted area at the time of any
cardiac event.

To assess clinically the coronary flow reserve,
the thermodilution method had been used until
quite recently but the Doppler flow wire method is
widely employed. Comparison of the absolute
value of coronary flow by these 2 methods shows a
lower value by the former than the latter method,
but the thermodilution method gives some useful
information concerning coronary flow reserve and
metabolic condition. When coronary luminal steno-
sis is more than 75%, flow reserve is restricted and
cardiac release of lactic acid is induced by a“steal
phenomenon”'?. Thus, flow and metabolic study
by dipyridamole gives useful information concern-
ing the myocardium perfused by occluded vessels.

Lambert et al.'®reported that coronary collateral
can contribute sufficiently to flow reserve in the
resting state, but Goldberg et al.'"”and Sim et al.'¥
described limitations during exercise and the inabil-
ity to prevent myocardial ischemia. Also in our
results, coronary flow reserve tended to be lower in
the infarcted groups than in the control group, but
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there was no difference concerning the degree of
collateral development [Coll (+)group 150 +
100%, Coll(— ) group 161 £ 92%]. These results
suggest that good collaterals have certain limita-
tions for coronary flow reserve and cannot protect
myocardial ischemia in the loading state.

Even if critical stenosis is presented in the
infarct-related artery, myocardial ischemia is not
induced as far as the perfused myocardium is
replaced by necrotic tissue and no longer partici-
pates in the metabolism. In contrast, when viable
myocardium is present in the peri or the infarcted
area, cardiac flux of lactate will show a negative
value, so lactate release will occur. In our study,
obvious induction of lactate release was found in
the Coll(+) group and those may be responsible
for the presence of the remaining viable myocardi-
um.

Study limitation

In this study, evaluation of coronary stenosis and
scintigraphical finding were not performed with a
quantitative method such as the quantitative coro-
nary arteriography method or washout rate.
Therefore, a lack of objectivity cannot be denied.
To study the relationship between the development
of collaterals and remaining viable myocardium in
the infarcted area, concordance of coronary stenosis
that is 90% or = 99% may be necessary. However,
our main purpose was to elucidate whether or not
the coronary collaterals toward the infarcted area
may predict the presence of remaining viable
myocardium, especially concerning the cardiac
metabolism. This study will provide clinically use-
ful information in the application of coronary
revascularization.

CONCLUSION

We examined whether angiographically demon-
strated collaterals predict the presence of myocar-
dial viability in patients with old myocardial infarc-
tion, especially the cardiac lactate flux.

In the well-developed collateral group (grade I/
Il in Rentrop’s classification), many patients
showed redistribution on thallium-2Q1 scintigraphy,
severe coronary stenosis of more than 99% or total
occlusion and induction of myocardial lactate
release on dipyridamole infusion load. These
results suggest that well-developed collaterals pre-
dict the residual viable myocardium in patients with
old infarction.
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