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ABSTRACT

Background[J Post-ischemic myocardial dysfunction (myocardial stunning) is known to be associated with
low reflow phenomenon or the reduction of coronary vasodilatory reserve. However, it remains controversial
whether a relationship between myocardial stunning and post-ischemic impairment of coronary flow reserve
exists. With increased influx of calcium into myocardial cells precipitated by ischemia and reperfusion known
to be involved not only in the progression of myocardial tissue damage but also in the pathogenesis of post-
ischemic myocardial dysfunction and impaired coronary vasodilatory reserve, it has been hypothesized that
calcium channel blockers exert protective effects on post-ischemic myocardial dysfunction and microvascular
dysfunction. Purposel] To investigate the effects of diltiazem, a calcium channel blocker, on post-ischemic
myocardial dysfunction and coronary vasodilatory reserve, vehicle or diltiazem was administered before brief
coronary artery occlusion in open chest dogs. Peak coronary flow and myocardial contractile function were
measured after intracoronary infusion of endothelium-dependent vasodilator acetylcholine and endothelium-
independent vasodilator adenosine. The parameters measured before and after reperfusion in control dogs and
diltiazem-treated dogs were compared. Method[D Open chest dogs (0 17) underwent 20 minutes occlusion
of left circumflex artery followed by reperfusion for 60 minutes[] the subjects were divided into two groups
(O 10 in control group and n 7 in diltiazem group). Diltiazem dogs received diltiazem (0.2 mg/kg)
intravenuously 15 minutes before coronary occlusion. Control dogs received vehicle-a saline solution.
Coronary blood flow was measured with electromagnetic flow probe. Coronary flow reserve was determined
by peak coronary flow after intracoronary infusion of acetylcholine (ACH, 0.01 ug/kg) and adenosine (ADE,
1.5 mg/kg)d it was also determined by reactive hyperemia (RH) measured after coronary occlusion for 20
seconds at baseline and 30 and 60 minutes after reperfusion. Segmental left ventricular function was assessed
by 2-D echocardiography at the level of mid-papillary muscle, and changes of left ventricular function was
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expressed as % change of myocardial thickening and % change of endocardial thickening. Results[] Peak
coronary flow and minimal coronary vascular resistance with ACH, ADE and RH were maintained at 30 and
60 minutes after reperfusion in the diltiazem group, but those in the control group were significantly impaired.
There was no difference in reduction of % change of peak flow with ACH in both groups (pOJ 0.44), but the
reduction of % change of peak flow with ADE was attenuated in the diltiazem group when compared with the
control group (p0 0.03) 60 minutes after reperfusion. Total myocardial thickening and endocardial wall
motion at 30 and 60 minutes after reperfusion were significantly reduced than those assessed before coronary
occlusion in both groups, but the endocardial wall motion was less depressed in the diltiazem group than that
in the control group. There was no correlation between % change of peak flow in response to ACH and to
ADE and % change of myocardial thickeningl] there was also no correlationbetween % change of endocardial
wall motion in the control group and % change of myocardial thickening in the diltiazem group. There was
however good correlation between % change of peak flow and % change of endocardial wall motion in the
diltiazem group. Conclusionl] The findings that changes in peak coronary flow and minimal coronary
vascular resistance do not correlate with the change in myocardial contractile function in the dog model with
reperfusion after 20 minutes coronary occlusion suggest that microvascular and myocardial stunning develop
independent of each other. The protective effect of diltiazem on impaired coronary flow reserve and
contractile dysfunction following reperfusion after brief ischemia also suggests that calcium overloading plays
a role in the pathogenesis of microvascular stunning as well as myocardial stunning. (Korean Circulation J

1998528 (4):592-605)
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Fig. 1. Experimental protocol.

ACHO acetylcholine, ADEO adenosine

Occl occlusion, Repl Reperfusion

RH 200 reactive hyperemia for 20 seconds occlusion
CBFO coronary blood flow

%TMO % myocardial thickening

%EMO % endocardial wall motion

BPO blood pressure, HRO heart rate
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Table 1. Hemodynamic data at baseline and reperfusion
60 minutes

1)Baseline

Control Diltiazem p value
Systolic 135.8+ 142 134.3t 8.3 0.728
Diastolic 84.1x 11.8 787 7.4 0.206
HR 165.1+ 44 147.8+ 37.1 0.379
2) Reperfusion 60 minutes

Control Diltiazem p value
Systolic 1358+ 142 128.0% 16.1 0.34
Diastolic 84.1x 11.8 757+ 13.4 0.07
HR 1651 44 165.3+ 37.0 0.98

pO control group vs. diltiazem group
HRO Heart rate

000 0000 000 Ooooooo oo 326+
154 mi/min0 26.9+ 7.9 mi/min0 OO0 0O0O0O0O
(pO 0.98) diltiazem OOODOOOO OO 428+ 185
mi/min0 37.7+ 158 mi/min0 000 O00(@O
0.84) 00O 00O 00O O0O0O0O OO0 eod OOOO
0000 000 00O0(@eO0.13,p00.81, Table 2).
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000 000,000 300,60000 OO0 00 000 00
OOOoo0 OO0 300, 60000 acetylcholine
000 00O OO0 OO0 581+ 124, 59.2+ 12.0
mi/min0 000 000 821+ 14.6 ml/min0d OO
0000 000 0O0(pO0.006, pd0.037, Table 3,
Fig. 2) diltiazem 0000 OO0 300, 6000 ac—
etylcholine 000 OO 0000 OO 113.0+ 58.1,
114.6+ 144 mi/min00 000 O0O0O0O 1254+
175 mi/min0 OO0 000 OO0 O0OO0O OO @O
0.781, p00.578, Table 3, Fig. 3) diltiazem OO0
acetylcholine OO0 OO OO0 OO0O 300, 600

Table 2. Baseline and reperfusion 60 minutes coronary
flow and coronary vascular resistance

Flow Baseline Rep.60 p value
Confrol 32.6x 15.4 269+ 7.9 0.98
Diltiazem 428+ 18.5 37.7+ 158 0.84

CVR Baseline Rep.60 p value
Control 1.41+ 0.05 1.79% 0.59 0.13
Diltiazem 0.87+ 0.31  0.85+ 0.29 0.81

pO baseline vs. reperfusion 60
RepO reperfusion

Table 3. Baseline, reperfusion 30 minutes and 60 minutes peak flow on acetylcholine, adenosine and reactive hyperemia

Baseline Rep 30 P Rep 60 p value

ACH
Control 82.1x 14.6 38.1% 12.4 0.006 592+ 12.0 0.037*
Diltiazem 125.4+ 17.5 113.0+ 58.1 0.781 114.6= 14.4 0.578

ADE
Confrol 83.2+ 0.084 53.1£ 5.1 0.002 57.4+ 48 0.010*
Diltiazem 1132+ 9.7 109.6+ 7.28 0.158 115.6+ 6.8 0.469

RH20
Control 94.9+ 6.1 67.6x 10.4 0.002 67.9+ 9.0 0.008*
Diltiazem 117.5¢ 9.6 146.8+ 13.3 0.375 135.0+ 11.6 0.156

ACHO Acetylcholine
RH2000 Reactive hyperemia after 20 seconds occlusion

ADEO Adenosine
pO baseline vs. rep.30, rep 60
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Fig. 2. Peak flow at baseline, reperfusion 30 minutes
and 60 minutes in control group.

00 0000 O(Peak/Base ratio)d OOOOO0O
000 0oogo 271+ 0290 OO OOO 30 0O,
600000 OO 209+ 0.21, 2.1+ 0.210 OOOO
000 OO0 O00(pd0.014, pdo0.064, Table 4) dilt—
iazemO 000 OO0 OOOO OOO 300, 60 OO
00 297+ 0.35, 2.85+ 0.25, 3.0+ 0.26(p[1 0.469,
04690 OO0 000 0O0O0O0 DDODOD OOO OO
OO0 (Table 4).

Adenosine0 00 0000 OO0 OO O0OO
83.2+ 84 mi/minC0O0. O0OO0O 300, 6000 OO
53.1+ 5.11(p00.002), 57.4+ 4.8(pC0.01)0 OO
OO0 (Table 3, Fig. 2). DiltiazemO OO OO0 30
00,6000 00O OOOOO 109.6+ 7.2 ml, 115.6
+68md 0000 1132+ 9.7 mlOd0 OO OO0 O
O O000ODOD DODOD OO0 0000 ooodd(e
00.158, p00.469, Table 3, Fig. 3). 10000 OO
adenosine OO0 OO0 OO0 OO0 0OOOOOO OO

Fig. 3. Peak flow at baseline, reperfusion Rep 30 minutes
and 60 minutes in diltiazem group.

ACHO Acetylcholine ADEO Adenosine

RH200 Reactive hyperemia

0 000 279+ 0220 OO OOO 300, eo0CO
00 1.85+ 0.20(p00.004), 1.94+ 0.18(p10.006)0
0 00 0000 000 O0(Table 4), diltiazemO O
00 OO0 300,e0000 355+ 0.3,337+ 024 0
000 326+ 0260 OO O00O0O0OOO ODOOO OO
ot 0oddo oodo bodg boo oboog
(p00.688, pl 0.468, Table 4).

200 OO0 OO0 OO0 Oooo oooogo
000000 OO0 000 94.9+ 6.1 mi/min0 O
0 000 300,6000 OO 67.6x 10.4 mi/min(pO
0.002), 67.9+ 9.0 ml/min(pC 0.008)0 OOO0O O
0000 (Table 3, Fig. 2). DiltiazemO OO0 O0O0O
1175+ 9.6 mi/min0 OO OO0 300, 600000
146.0+ 13.3(p00.325), 135.0+ 11.6(pl0.156)00
0000 O0O000O0O OO0 Oooo ooo(Table 3,
Fig. 3). OO0OO0OO0O ODOOOO0O OO0 oOOD

Table 4. Peak/baseline flow ratio at baseline and reperfusion 30 minutes and 60 minutes

Baseline Rep 30 o} Rep 60 P

ACH

Control 271+ 0.29 2.09+ 0.21 0.014 2.1 £0.21 0.064

Diltiazem 2.97+ 0.35 2.85+ 0.25 0.469 3.0 £ 0.26 0.469
ADE

Control 2.79+ 0.22 1.85+ 0.20 0.004 1.94+ 0.18 0.006

Diltiazem 3.26% 0.26 3.55+ 0.31 0.688 3.37+ 0.24 0.468
RH 20

Control 3.28+ 0.25 2.5 £ 0.21 0.002 2.33+ 0.24 0.008

Dilitizem 3.8 +0.32 3.83+ 0.25 0.812 3.69+ 0.29 0.297
*p0 P value PO vs. Baseline P/B FlowlO Peak/Baseline Flow
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0 000 000 OO0 00 000000 00000
3.28+ 0250 OO OOO 300, 6000 OO 2.5+

0.21(p00.002), 2.33+ 0.24(p00.008)00 OOOD
00 (Table 4), diltiazemO 000 000 3.8+ 0.320
00 0OOO0 300, 6000 OO 3.83+ 0.25(p0 812),
3.69+ 0.29(p010.297)0 00D OO0 (Table 4).

000 000, 000 300, 60000 0000 OO0 OO
0 oo

00000 acetylcholine OO0 DOOO O0O0OO
0O 0000 141+ 017 mmHg/mi/min0 OO OO
0 300, 60000 OO 1.73+ 0.13 mmHg/ml/min,
1.79+ 0.15 mmHg/ml/min(p0d00.039)0 OO0O0 O
0000 0000 ooooo(Table 5). 000 dil—
tiazemO OO0 acetylcholine OO0 OOO 300,
600000 DOUO0OO0O 0.88+ 0.16 mmHg/ml/min,
0.84+ 0.19 mmHg/mi/min0 OO0 0.87+ 0.14 mm
Hg/m/min0 OO0O0O0 0O0O0OO OO0 OOOoOo
(p0.89, p00.81, Table 5). Adenosine OO0 OO
000 00000 0O0ODO 000000 Oooo 128
+ 0.10 mmHg/mi/min0 OO OO0 300, 60000
O 1.93+ 0.14 mmHg/ml/min(p0.002), 1.87+
0.18 mmHg/ml/min(pC0.004) O O0OOOO OO
0000 (Table 5), diltiazemO OO OO0 0000
0 000 300, 6000 OO 0.68+ 0.15 mmHg/
ml/min, 0.66x 0.22 mmHg/ml/min0 OO0 0.72 =
0.13 mmHg/mi/mind 0O 0000 000 (p00.385,
pd0.50, Table 5). 2000 OO0 OO0 OO OO
0 000 00 000 0odd oo oooo ooo
1.05+ 0.07 mmHg/ml/min00 OO OO0 3000 60
00 00 1.94+ 0.12 mmHg/mi/min(p00.02), 1.51
+ 0.10 mmHg/ml/min(p00.004)00 OOO0OO0O(Ta—

ble 5), diltiaizemO O OO OO0 300, 60 OO0 O
O 0.62+ 0.15 mmHg/ml/min, 0.66+ 0.12 mmHg/
mi/min0 OO0 OO0OO00 063+008 0 OO O
000 OO0 0000 OO0OO@EDo.es6, pdo.34,
Table 5). DiltiazemO O 0O diltiazemO OO0OO OO
0 OO0O0O0O0OO OO0 OOOOO acetyle—holine
000 0.87+ 0.14 mmHg/ml/min0 0 0.900. 37mm
Hg/ml/min(pd 0.89), adenosine 0O OO0 0.72+

0.13 mmHg/ml/minC O 0.770.36mmHg/ml/ min(p
0037)0 OO0 0OOO0O 2000 OO0 OO OO
0O 000 00O0OO0OO0OOoO 0.63+0.08 mmHg/
mi/min 00O 0.68+ 0.35 mmHg/ml/min(pd 0.016)
0 0000 00000 ooooo((Table 5).

000 000D 0000 e0OOO OOD OO 000, O
00,00000 0oo

Acetylcholine 000 000 O0O0O0O OO OO0
6000 OO0 UO0O0O0O0O OO0 oDooooo 188
+35.0% 000000 [(OO0O eod-000O)0O0O
0O 6001], diltiezem OO0 OOO0 6.9+ 224% 00O
OO0 000 000 000 OOoO oooOedods),
adenosine 00O OO0 OOOOO OOO OOOO
29.1+ 20.3% OO0 OO ditiazemO OO0 5.1+
20.0%0 OO0 O0(PO0.029) adenosine 0000
000 0000 OO00OO OoUoo ooo oooo
0.2000 OOOOOO OO0 OO0 ooo ooo
00000 26.3+ 235% 000 OO diltiazem OO
OO0 91+ 154% 000000 O0O0O0O0O 0O0O0OO0O
O 000 (pO0.285, Table 6).

000 000 O 000 eo000 OO0 OooOo
O (Peak/Baseline ratio)d OO OO0 OO acetyl—
choline, 2000 OO0 OO0 OO O0O0OO 0oOO

Table 5. Coronary vascular resistance (CVR) at baseline, reperfusion 30 minutes and 60 minutes

CVR Baseline Pre-occlusion (Diltiazem) Rep 30 Rep 60
ACH 1.41£ 0.17 1.73+ 0.13* 1.79+ 0.15*
Control ADE 1.28+ 0.10 1.93+ 0.14% 1.87+ 0.18*
group
RH20 1.05+ 0.07 1.94+ 0.12* 1.51+ 0.10*
ACH 0.87+ 0.14 0.90+ 0.37 0.88+ 0.16 0.84+ 0.19
Diltiazem
group ADE 0.72+ 0.13 0.77+ 0.36 0.68+ 0.15 0.66+ 0.22
RH20 0.63+ 0.08 0.68+ 0.35* 0.62+ 0.15 0.66+ 0.12

*0 p<0.05 vs. baseline ACHO Acetylcholine

ADED Adenosine

RH2000 Reactive hyperemia

597



00000 0000 D000 (pd0.084, p00.0625),
adenosine 00000 OOOOO0O 27.7+ 22.8% O
OO0 00, ditiezemO OO0 6.1+ 15.5%0 0000
O0000@eOo0.039) 00O OOOOD OO0 OO OO
0 000 ditiezem OO0O00 OO0 00O 0OO0O0O
0000 00000 D000 oOoogd ditiazem O
000 000 000 ooooooo oooo oo
0 0bobob 0oob 0oob oobo bob booo
O(Table 6). OO0 OO0OO0 OO0O 600000 O
000000 acetylcholine 00O OO0OOOO 40.8
+ 60.6% 000 OO0 diltiazem OOOO 1.2+ 20.4%
000000 O00o00 oOOo Oooo ooooeo
0.10), 00 adenosine OOOO0O OOOO OOOO
000 441+ 325% 000000 dittiazemOd OO
6.3+ 18.7% U000 (pd0.002) adenosine OO0 O
O 00000 000 0000 000004 (Table 6).

N2457159) #af

Ditezem OO0 OO0 OOOOD 000 OO0 0O0OOO
ooo oo

000 OOooo dtiezem OO0 OO0 OO0OO
0d oobO oooooo oooboo oooo oo
0 000 OO0 000 O0O0 000 %ooo di-

Table 6. % Change of peck flow between baseline
and reperfusion 60 minutes in both groups

1. % Change of peak flow

Control Diltiazem p value
ACH —18.8+ 35.0 —6.9+ 224 0.44
ADE —-29.1£ 20.3 -5.1+ 20.0 0.029
RH20 —263+ 23.5 9.1 154 0.285
2. % Change of % flow
Control Diltiazem p value
ACH —18.3% 26.8 4.5+ 6.22 0.084
ADE —27.7+ 22.8 6.1 15.5 0.0039
RH20 —27.6% 229 —6.9+18.2 0.0625
3. % Change of CVR
Control Diltiazem p value
ACH 40.8+ 60.6 —1.2+ 20.4 0.10
ADE 441+ 32.5 —6.3+ 187 0.002
RH20 44.9+ 34.4 10.3+ 19.3 0.0298

pO control group vs. diltiazem group
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ltiazem 00000 53.6¢ 10.7%0 diltiazem 000
00 000 000 421+ 35%0 0000 0000
00(p00.031), 00000 000 0000 686+
17.3%00 000 000 556+ 10.0%00 000
0000 00000 (pD0.062, Table 7).

000 000,000 300, 000 60000 000000
0 000

000 000 000 00000 0000000
625+ 7.1%0000, 000 00000 -19.0+
223% 000 300, 600 OO0 24.4+ 12.4%, 23.3
+50 %0 ditiazemO00 O0O0O00O00 536+
10.7%, 000 000 —10.0+ 12.2%, 000 300
0 27.9+ 10.4%, 000 6000 26.4+ 12.1%0 O
000 000 00000 000 0000(p00.10,
0.34, 098, 0.82), 00 OOOOOOD OO0 OO
00 ditezemdJ 00 OO0 000 0000 00O
(Table 8). 000 OO0 600000 OOOOO O
0 000 0000 000 0000O0(@O0 600 -
0000) 0000 400+ 75% 000 OO, dilt—
iazemO 000 343+ 53% 0000 ditiazemO 00
0000 00 000 0000 (pD0.0072, Table 8).

r

S AR Hsiel MIArFT[S| Haleto| A
00000 000 0000 000 eo0ddd ac—
etylcholine, adenosine 0000 00000 OOO
[(COO-0000)y0000]10 000 ooood
00000 00000 000 0000 (acetylcholined
r0.33, p000.47, adenosine r000.51, p00.24), O
O 000 00000 00000 ooo 0dd(ac—
etylcholine rJ 0.21, pd0.65, adenosine r(10.14,
p00.76, Fig. 4) .

DiltiazemO OO0 OO0 OO0OO OOO OOO 60
000 OO0 00000 ODOO00 acetylcholine O

Table 7. Endocardial wall motion and total myocardial thi-
ckening at baseline and preocclusion in diltiazem group

Baseline Pre-occlusion p value*
EM(%) 53.6+ 10.7 421+ 3.5 0.031
T™M(%) 68.6x 17.5 55.0+ 10.0 0.062

EMO Endocardial wall motion
TMO Total myocardial thickening
*0O baseline vs. pre-occlusion

Korean Circulation J 1998;28(4):592-605



00 000 OO0 000 ooo@oo-oooo/noo
00)O 000 00000 000 Oooo0rdo.802,
p0.0299) adenosine 0O OO OO0 OO OOO
0000 O0bOOo ooooo oooo ooo ooo
00 000(r00.7999, pd0.0308, Fig. 5). 00O
dood 200 00O OO0 ooobooo oo ooo
acetylcholine 0000 O00O0O OOOO OOOOO

Table 8. Endocardial wall motion and total myocardial
thickening

000 oooo@d4.0, p00.37), adenosine OO0
0 OO0 00000 0000 Oooooo oooo
ooooo OO0 ooooo ooo oooeo
0.598, pll 0.156, Fig. 5).

TTC(Triphenyl Tetrazolium Chloride)2 42| Z 1}
20000 000 O00-0000 OO0 ooooo
00000 00 000 0O diltazem OO O 200
0 00O T1TC 000 ooooo ooo oooo

Control Diiaczem  p value* odo.
EM
Baseline 625+ 7.1 536+ 107 0.10 | ot
Occl —19.0+ 22.3** —10.0+ 12.2* 0.34
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