FLIREESE 56 (2) 233~246 (1987)

KERAY DI ZE QMO DEMEAEEIRFELE &
OARENC Rz mEAEITER O &

RO A REWEE FHEIEX
R AF AR 2 BE (B SN B 80

The Significance of Coronary Collateral Flow in Occurrence
of Ventricular Arrhythmias and Cardiac Metabolism during
Acute Phase of Experimental Myocardial Infarction

Tomoaki NAKATA, Tetsuro SHOJI and Shigeo YOSHIDA
Department of Internal Medicine (Section 2), Sapporo Medical College
(Chief : Prof. O. Iimura)

Despite considerable progress in the management of ischemic heart disease, a high incidence of
sudden prehospital death, probably caused by early ventricular arrhythmia (EVA) associated with
acute myocardial infarction, still persists. On the other hand, the role of collateral circulation in
EVA during the early phase of acute myocardial ischemia is not well known, although regional blood
flow in the ischemic area seems to depend on coronary collateral flow.

This study was designed to evaluate the functional significance of coronary collaterals in the
occurrence of EVA during acute myocardial ischemia and its metabolic basis.

The left anterior descending coronary artery (LAD) was cannulated and perfused from the left
carotid artery in 20 anesthetized open chest dogs. In order to create two kinds of ischemic situa-
tions with or without collateral flow in the same area at risk in the same dog, the following proce-
dures were performed: (a) LAD occlusion of 6 minutes (LADOCL), (b) LADOCL with retrograde
drainage of collateral flow from the distal segment of LAD. In 13 out of 20 dogs, myocardial tissue
biopsies were performed at the end of each ischemic period on the ischemic and non-ischemic zones
for measurement of the concentrations of adenosine triphosphate (ATP), creatine phosphate (CP)
and lactate in the inner and outer layers of myocardium. The severity of EVA during ischemia was
estimated as EVA score; grade ( =no premature ventricular contractions (PVC), grade 1=less than
10 uniform PVCs/min, grade 2=10 or more PVCs/min, grade 3=multiform PVCs, grade 4=ventricu-
lar tachycardia, and grade 5=ventricular fibrillation.

The results were as follows:

1) No significant difference was found in heart rate, mean blood pressure and rate pressure product

(RPP) between the dogs with and without retrograde drainage of collateral flow in the control

Abbreviations : HR : heart rate
PVC : premature ventricular contraction BP . blood pressure
EVA : early ventricular arrhythmia RPP . rate pressure product
CBF : coronary blood flow VTVF : ventricular tachycardia and/or ventricular fibrilla-
RF : retrograde flow tion
PCP : peripheral coronary pressure ATP . adenosine triphosphate
CCF ': coronary collateral flow CP 1 creatine phosphate
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and ischemic periods, respectively. However, LADOCL without collateral flow showed a signifi-
cant increase of heart rate and decreases of mean blood pressure and RPP when compared with
the pre-ischemic state.

2) The diversion of collateral flow during ischemia apparently increased the number of premature
ventricular contraction and the incidence of EVA including the fatal arrhythmias, ventricular
tachycardia and/or fibrillation (VTVE).

3) LADOCL induced the reduction of the contents of ATP and CP and the accumulation of lactate
at ‘both inner and outer myocardia in the ischemic zones.

flow during LADOCL further augmented the CP depletion and lactate accumulation.

Moreover, deprivation of collateral

However,
no significant difference was obtained in the myocardial concentrations of ATP and CP between
the inner and the outer layers.

4) The severity of EVA significantly correlated with the extents of CP depletion and lactate
accumulation in both layers in the ischemic myocardium.

5) In the group with VTVF, a significant increase of heart rate and decreases of mean blood pres-
sure and RPP were observed during LADOCL without collateral flow in spite of no differece in
coronary blood flow, coronary coliateral flow and metabolic changes when compared to the group
without VTVF.

These findings suggest that (1)coronary collateral flow is one of the most important factors to
regulate the incidence and severity of EVA independent of the size of area at risk; (2)myocardial
ischemic changes representing marked CP depletion and lactate accumulation caused by deprivation
of coronary collateral flow were important as a metabolic basis of exacerbation of EVA ; and (3)the
hemodynamic alteration might be an additional influential factor to provoke the fatal arrhythmias
(VTVE). (Received December 23, 1986 and accepted January 26, 1987)
Coronary collateral circulation,
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Fig. 1 Schematic representation of the experimental model.

The left anterior descending artery (LAD) is

cannulated at the distal site of the bifurcation to the first diagonal branch and perfused from the left
carotid artery when the site “X” in the circuit is open and the side branch “Y ” is closed. LAD is

occluded by clamping the the circuit at the site

open during LAD occlusion.

“X” and the retrograde flow is measured if “Y ” is

PA: pulmonary artery, LA: left atrium, ATP: adenosine triphosphate, CP: creatine phosphate.
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20 min 6 min %1 20 min 6 min %2
e —— . o f——
CONTROL LSCHEMIA CONTROL ISCHEMIA
(a)LADOCL or (b) or
(b)LADOCL with (a)

RF diversion

K1
k2

biopsy from the ischemic region
: biopsy from the normal and ischemic regions

Fig. 2 Experimental protocol. After 20 minutes of non-ischemic periods (CONTROL), the following two
kinds of ischemia (ISCHEMIA) were created; (a) LAD occlusion of 6 minutes ( LADOCL ” ), (b
LADOCL with deprivation of RF. At the end of each ischemic period, myocardial tissue biopsies
were performed on the ischemic and non-ischemic regions. LAD: left anterior descending artery,

RF: retrograde flow.
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Table 1 Grading system for early ventvicular

arvhythmia.

Score Definition

No PVCs

Less than 10 uniform PVCs/min
10 or more PVCs/min
Multiform PVCs

Ventricular tachycardia

o W N =D

Ventricular fibrillation

PVC: premature ventricular contraction.
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Fig. 3 Diagram of the dual perfusion technique for a
simultaneous perfusion to different areas with
the same pressure. The distal segment of the
left anterior descending artery (area at risk)
is perfused by the saline, while a fluorescein
particle is infused only into the other regions
except areas at risk (normal perfusion area).

Table 2 Size of area at risk and coronary hemody-

namics. (n=20)
mean+ SEM range
Area at risk (g) 18.3 £2.3 9.0 -31.6
9% Area at risk* 23.9 £ 2.7 10.6 - 39.0
CBF (m//min) 15.0 £ 1.6 6.0 - 33.0
RF (m//min) 2.0 £ 0.2 0.45 - 4.75
9% RF** 17 * 3 2 - 42
mean PCP (mmHg) 24 £ 1 18 = .37
CCF (m//min) 2.7+ 03 0.6 - 538
9% CCEF*** 22 * 4 4.3 -51.4

CBF : coronary blood flow, RF: retrograde flow,
PCP : peripheral coronary pressure.
shown as mean+SEM.

the percentage of ventricular weight,

Values are

* * ¥ * k * :
coronary blood flow and coronary blood flow,
respectively.

BT 523,942, 7% TH - 7. -+ OFFHRIE
iEA9.0~31.6¢g HEH10.6~39.0%L, 77/ h
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Fig. 4 Determination of an area at risk in the typical
case : under the ultraviolet lamp, an area at
risk is recognized as a dark region because of
the abscence of a fluorescein particle in each
slice.
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Table 3 Hemodynamic changes by LAD occlusion with and without diversion of collateral

Sflow.
with collaterals without collaterals
(n=20) (n=20)
HR (beats/min) control 170 =*4 166 =5 ns
ischemia 171 +5 172 +5*% ns
mean BP (mmHg> control 9% =*4 98 *4 ns
ischemia 91 4% 90 +3** ns
RPP (X1000) control 19.5+0.8 19.8+1.1 ns
ischemia 19.1£1.0 18.5+0.9% ns

HR: heart rate, BP: blood pressure,
*: p<0.025, =**: p<0.005 vs control
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Fig. 5 Cumulative frequencies of the numbers of
cases with EVA during ischemia of 6 minutes.
“with collaterals ” : left descending coronary
artery (LAD) occlusion. “ without collat-
erals ”: LAD occlusion with retrograde
drainage of collateral flow. EVA: early
ventricular arrhythmia. VTVF: ventricular
tachycardia and/or ventricular fibrillation.

RPP: rate pressure product.
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Fig. 6 Effects of collateral flow on the progression of
early ventricular arrhythmia (EVA) score
during acute myocardial ischemia. The figures
in the squares represent the number of cases
with each EVA score.
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Table 4 The severity and incidence of early ventricular arrhythmias during acute ischemia
with and without deprivation of collataral flow.

Incidence of

n PVCs/min EVA score InCidE%ﬁe of VTVE
with collaterals 20 2+1 1.1+0.3 14/20C 70%) 2/20(10%)
without collaterals 20 14+3** 3.6+0.2** 20/20€1009%)* 12/20(60%)*

PVC: premature ventricular contraction,
tachycardia and/or ventricular fibrillation.
*: p<0.01, =*=+: p<0.005 vs with collaterals.
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Fig. 7 Effects of collateral flow on the myocardial concentrations of ATP, CP and lactate. »: p<0.005 vs

control, #: p<0.005 vs with collaterals.
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Fig. 8 Relationship between the content of ATP, CP
or lactate in the ischemic zones and EVA score
during acute myocardial ischemia. The dotted
areas show the ranges within the mean value+
2xSD of each index in the non-ischemic
regions. EVA scores correlate significantly
with the concentrations of creatine phosphate
in the inner and outer layers (inner; r=—
0.486, p<0.02: outer; r=—0.563, p<0.005)
and with the lactate in both layers (inner; r=
0.494, p<0.02: outer; r=0.519, p<0.01).
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Table 5 Regional coronary flow in the groups with and without VTVFE.

with collaterals without collaterals
VTVF (-) VTVF (+) VTVF (=) VTVF (+)

n=18 n=2 n=§ n=12
RF (m{/min) 2.1£0.2 1.4, 0.45 2.4%0.3 2.1£0.4 ns
%RF 18 +3 g, 3 24 =*6 15 =3 ns
CBF (m!/min) 15.1+1.8 15.0, 14.0 14.314.4 15.1+1.3 ns
CCF (m/{/min) 2.940.3 1.8, 0.6 3.1+£0.4 2.7£0.5 ns
%CCF 24 +4 12 , 4 29 =£7 19 +4 ns

Abbreviations as shown in Table 2. VTVF (—)=the group without VIVF, VTVF (+)=the group
with VTVF.

Table 6 Hemodynamic changes by acute ischemia in the groups with and without VTVE.

with collaterals without collaterals
VTVF (=) VTVF (+) VTVF () VTVF (+)
n=18 n=2 n=§ n=12
HR (beats/min) control 170 +4 188 , 150 167 +8 165 =+6 ns
ischemia 171 %5 200 , 150 171 =*7 173 =*6* ns
Mean BP (mmHg) control 93 +4 98 , 117 91 =6 103 =+6 ns
ischemia 90 =+4 83 , 117 87 +6 92 +4* ns
RPP (X1000) control 19.3x0.9 21.6, 21.0 18.6=x1.6 20.5x1.4 ns
ischemia 19.0+1.2 20.0, 21.0 18.0x1.5 18.8+1.0* ns

Abbreviations as shown in Table 3. =: p<0.025 vs control
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Fig. 9 Comparison of myocardial metabolic change between the groups with and without ventricular tachy-
cardia and/or fibrillation (VTVF). =: p<0.01 vs control, #: p<0.01 vs VIVF (—).
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Table 7 Tissue ATP, CP and laclate contents during acute ischemia in the groups with and

without VTVEF.

with collaterals without collaterals
VTVF (-) VTVF (+) VTVF (=) VTVF (+)
n=12 n=1 n=6 n=7
ATP inner 15.7+1.1 16.9 13.8+2.5 13.4%£1.4 ns
outer 17.7+0.8 14.3 14.4+1.8 16.1£2.2 ns
Cp inner 16.4+1.9 13.5 4.9+2.0 4.2x1.5 ns
outer 18.2+1.8 6.6 5.3+£2.7 5.3+x2.2 ns
Lactate inner 28.8+3.9 26.9 52.7£3.8 48.2+6.4 ns
outer 23.4+3.5 16.7 39.5+3.1 45.3+4.7 ns

ATP: adenosine triphosphate,

tricular fibrillation. Values are in gm/g dry wt.
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