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    KATORI, R., YAMASHITA, K., MIYAZAKI, T., SAKAGUCHI, Y., INOKI, T., 
YAMAMOTO, T. and SHIBUTANI, T. Bet a-Adrenergic Stimulation Induces ST 
Segment Elevation in Dogs with Healing Myocardial Infarction. Tohoku J. Exp. 
Med., 1995, 177 (3), 233-248 There is controversy with regard to the mecha-
nism of the exercise-induced ST-segment elevation in myocardial infarction. The 
purpose of the present study was to investigate the mechanism of ST-segment 
elevation through pharmacologic interventions. Transmural anterior myocardial 
infarction was produced by gelatin sponge embolization of the left anterior 
descending artery in seven closed-chest dogs. One and four weeks after myocar-
dial infarction, the dogs underwent the following three interventions: right atrial 
pacing, norepinephrine infusion (3.75, 7.5, and 151ug/min) with the pacing, and 
methoxamine injection (2.5 and 5.0 mg) with the pacing. All dogs had transmural 
infarction with a mean infarct size of 12.0±4.2% of the left ventricular weight. 
Right atrial pacing did not induce significant changes in ST-segment. Norepine-

phrine induced a marked elevation of ST-segment at leads V1 to V4, while 
methoxamine did not. Norepinephrine induced a significant increase in left 
ventricular ejection fraction, while methoxamine produced a marked decrease in 
the ejection fraction and an increase in ventricular volume. The mean percent 
radial shortening of the non-infarct ventricular wall showed a significant increase 
with norepinephrine, but a decrease with methoxamine. In conclusion, myocar-
dial ischemia and wall motion abnormality may be excluded as possible mecha-
nisms of ST-segment elevation and an enhanced beta-adrenergic mechanism in the 
non-infarct myocardium is suggested to be responsible for ST-segment elevation 

       myocardial infarction; exercise; norepinephrine; methoxamine; ST-
segment elevation

   Exercise-induced ST-segment elevation is relatively common on the leads 
where QS waves are present in patients with prior transmural myocardial infarc-

tion (Weiner et al. 1978; Haines et al. 1987). Most of these patients have anterior 
myocardial infarction with single-vessel disease and large infarction, ventricular
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aneurysm, or low ejection fraction (Atterhog et al. 1971; Chahine et al. 1976; 
Lahiri et al. 1980; Fox et al. 1983; Sullivan et al. 1984; Yamaki et al. 1985). 
Concerning the mechanism of the exercise-induced ST-segment elevation, both 
wall motion abnormalities in the infarction zone (Chahine et al. 1976; Weiner et 
al. 1978; Lahiri et al. 1980; Sullivan et al. 1984; Yamaki et al. 1985; flames et al. 
1987) and ischemia in the pen-infarction zone (Atterhog et al. 1971; Fox et al. 
1983) have been proposed, but both have been highly controversial for two 
decades. The purpose of the present study was to investigate the mechanism of 
the ST-segment elevation through pharmacologic interventions using an experi-
mental canine model of myocardial infarction. The interventions we used were 
right atrial pacing alone, and the pacing with norepinephrine infusion or methox-
amine injection, which are modeled on similar hemodynamic responses to exercise, 
i.e., tachycardia, positive inotropic action and elevated blood pressure. We found 
that an enhanced beta-adrenergic mechanism plays an important role in producing 
the ST-segment elevation.

                       MATERIALS AND METHODS 
Preparation of myocardial infarction 

   All studies were performed with the approval of the Animal Care and Use 
Committee of Kinki University, in accordance with guidelines specified in the 
National Institutes of Health "Guide for Care and Use of Laboratory Animals." 
A total of 18 healthy, adult, heart-worm-negative mongrel dogs (weight, 14-30 kg) 
were anesthetized with intravenous sodium pentobarbital (25 mg/kg) and 
ventilated intratracheally with a Harvard respirator. Under sterile condition, the 
left exterior carotid artery was dissected and a No. 5 French introduces was 
inserted. After bolus injection of heparin (2,000 units), a No. 5 French pigtail 
catheter was inserted into the introducer and advanced under x-ray fluoroscopy 
until its tip lay within the left ventricle. The cine ventriculography was perfor-
med with injection of iopamidol (1.0 ml/kg of body weight) in 30-degree right 
anterior oblique position after 12-lead electrocardiography and measurement of 
left ventricular pressures. The pigtail catheter was then replaced with a No. 5 
French Judkins catheter and left coronary cineangiography was performed with 
manual injection of 5 or 6 ml of iopamidol. 
   Transmural anterior myocardial infarction was produced by embolization of 
a mixture of sliced gelatin sponge and gelatin powder (Gelfoam®, Japan Upjohn 
Co., Tokyo) into the left anterior descending artery (LAD) under sterile condition. 
A commercially available PTCA guidewiee of 0.016-inch diameter was introduced 
into the LAD through the Judkins catheter, and the catheter was replaced with a 
No. 3 French Kif a catheter, after which the guidewnee was withdrawn. The Kif a 
catheter was advanced so that its tip lay at the site targeted for LAD occlusion. 
Thirty mg of the gelatin sponge cut into 0.5 mm cubes and the same weight of the 
sponge powder (116 + 9 jc m in diameter, mean± s.E.) were mixed with 5 ml of
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iopamidol and 5 ml of the saline. This mixture was slowly infused in order to 

occlude the LAD through the Kifa catheter under fluoroscopic guidance until it 
started to flow back upstream. Electrocardiograms and blood pressures were 
monitored, and treatments for arrhythmias and cardiac failure were applied 

continuously until the dog had completely recovered. 
   Ten of the 18 dogs survived more than four weeks. The other eight dogs died 
due to heart failure and arrhythmias within one week. Three of the 10 surviving 

dogs underwent the preliminary experiment only, and the remaining seven dogs 
underwent the complete set of experiments described in the present report. The 

occlusion site of the LAD was just distal to the bifurcation of the second diagonal 
branch in six dogs and of the first diagonal branch in one dog. Serial precordial 
electrocardiograms showed a typical time course of transmural anterior myocardial 

infarction. Plasma creatine phosphokinase was 102±18 IU/liter before coronary 
embolization, increased to 669 + 140 IU/liter at three hours after the embolization, 

and reached the peak value of 3,908 + 720 IU/liter at 12 hr in the six dogs in which 
it was measured.

Experimental protocol 

   The experiment was performed in the same manner both one week and four 

weeks after myocardial infarction. The dogs were anesthetized with sodium 

pentobarbital (25 mg/kg) supplemented with an additional 5 mg/kg when needed 
during the experiment. They were ventilated via an intratracheal tube con-

nected to a Harvard respirator and lain in the right decubitus position on the 
fluoroscopic table. Under sterile condition, a No. 7 French Zucker pacing cath-
eter was introduced into the femoral vein and advanced until its tip lay within the 
right atrium for right atrial pacing. A No. 5 French Judkins catheter was insert-

ed, and the cineangiography of the left coronary artery was performed. The 
catheter was then replaced with a No. 5 French pigtail catheter, the tip of which 

was placed in the left ventricle. 
   Control measurements for 12-lead electrocardiography, left ventricular pres-

sure, and left ventricular angiography were made under sinus rhythm. The three 
interventions were then applied in the order of right atrial pacing, norepinephrine 
infusion under the same pacing, and methoxamine injection under the same 

pacing. The pacing rate was set at about 1.5 times the control heart rate using a 
cardiac stimulator (Model 3F51; Sanei Sokki, Co., Tokyo) until the end of the 

experiment. Norepinephrine was infused at the successive doses of 3.75, 7.5, and 
15 ,ug/min with a Harvard pump for 5 min each, except in two dogs in the 

experiment at one week, in which the results for 15 j g/min infusion were discard-
ed because of frequent occurrence of premature ventricular beats. After recovery 
time of 30 min, methoxamine was slowly injected twice, (2.5 and 5.0 mg, respec-
tively) at a 5-min interval under the atrial pacing. 

   The interventions were continued for 5 min and electrocardiography and left
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ventricular pressures were recorded during the last one minute. Left ventriculo-

graphy was recorded four times, i.e., under control heart rate, during right atrial 
pacing alone, infusion of the largest dose of norepinephrine, and injection of the 
highest dose of methoxamine. However, the electrocardiographic and left 
ventricular pressure data in two dogs in the experiment at one week was discarded, 
because pacing failure occurred during norepinephrine infusion of the highest 
dose. Also, the evaluation of the left ventriculograms after methoxamine injec-
tion was difficult in three dogs in the experiment at one week, because of pacing 
failure or frequent occurrence of ventricular premature beats during contrast 
medium injection into the left ventricle and in one dog in the experiment at four 
weeks ventriculography could not be performed because of a technical problem.

Measurements 

   The precordial electrocardiogram was recorded with a clip electrode, at the 

paper speed of 50 mm/sec and amplitude of cm/mV using a six-channel electrocar-
diographer (RM-6000; Fukuda Denshi, Co., Tokyo). The electrodes were placed 
on the chest as follows: V1 at the right sternal border in the fourth intercostal 

space (ICS); VZ at the left sternal border in the fourth ICS; V3 at the mid-point 
between VZ and V4; V4 on the left anterior axillar line in the fourth ICS; V5 on 

the middle axillar line in the fourth ICS; and V6 on the posterior axillar line in 
the fourth ICS. The shift of ST segment was measured at 40 msec after the J 

point. 
   The cine-films of left ventriculogram were directly displayed on the monitor 
of an image-analysis computer (Mipron, Kontron Electronik, Munich, Germany). 
Left ventricular cavity borders in end-diastolic and end-systolic frames were 

outlined with a cursor connected to a digital tablet and stored in the core memory. 
Left ventricular end-diastolic volume (LVEDV), end-systolic volume (LVESV) 

and ejection fraction (LVEF) were calculated by digital computation from the 
traced end-diastolic and end-systolic silhouettes according to the area-length 

method of Sandler and Dodge (1968). 
   To evaluate regional ventricular wall motion, we used a polar coordinate 

system based on the midpoints of the long axes of the ventricular silhouettes 

(Scampardonis et al. 1973; Schroder et al. 1983). Excluding the aortic valve 
plane, the computer divided the silhouettes into 48 segmental radii with equal 
angles. The end-diastolic and end-systolic contours were superimposed on their 

long axes and mid-points. The systolic shortening of a segmental radius, i.e., the 

% radial shortening, was calculated by the formula; % radial shortening= 
[(D-S)/D] x 100, where D = length of end-diastolic segmental radius and S = 
length of end-systolic segmental radius. The first five segmental radii (mitral 

valve area) and the last three (46-48, aortic junction) were excluded from evalua-
tion (Shroder et al. 1983). The results were printed out as numerical data, and a 
histogram of percent shortening of systolic segmental radii was generated.
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Fig 1. Serial ECO at chest leads after coronary occlusion in one dog. ST-
segment at V, to V5 is markedly elevated 5 min after the occlusion and the 
elevated ST-segment gradually declined during the first 24 hr after occlusion. 
Abnormal Q waves persisted for four weeks.

Fig 2. Serial transverse sections of a ventricle stained by the TTC stain. 
Transmural anterior myocardial infarction is clearly observed. The volume 
of the infarction region was calculated as 20.8% of the left ventricle weight.
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   The left ventricular wall shown on the cine-ventriculogram for control 
measurement was divided into the infarct zone, border zone and non-infarct zone 

according to the following definitions. The infarct zone was defined as the 
territory consisting of successive chords equal to or less than a 10% value of radial 

shortening in the apex and anterior wall. The border zones were defined as the 
two territories adjacent to the infarct zone, with each border zone defined as the 

area consisting of five successive chords adjacent to the infarct zone. The 
non-infarct zones were defined as the territories outside each border zone. The 

mean radial shortening was defined as the average value of radial shortening of 
each zone.

Morphological measurement of infarction 
   The dogs were killed with intravenous injection of a large dose of sodium 

pentobarbital at the end of the experiment, and the heart was excised. For 
determination of gross infarction weight, the heart was transversely sectioned at 
1-cm intervals, and the heart slices were then incubated in a solution of triphenyl 
tetrazolium chloride (TTC) (Lie et al. 1975). The TTC histochemical technique 
delineates infarct tissue by intensely staining normal myocardium. Each slice 
was photographed adjacent to a cm scale.. The infarct and non-infarct areas on 
the photograph of each slice were measured, and the infarct size was then calcu-
lated as a percent ratio to left ventricular weight. Following the TTC staining 
the slices were fixed in formalin and stained with hematoxylin and eosin.

Statistical analysis 

   The results are expressed as mean +s.E. Analysis of variance with repeated 
measures followed by the Student-Newman-Keuls test (Glantz 1992) was used for 
multiple comparisons of electrocardiographic and hemodynamic data, LV volumes 

and ejection fraction, and mean radial shortenings. A p value of less than 0.05 
was considered significant.

                              RESULTS 

EGG changes after coronary occlusion and infarction size 

   ST-segment started to elevate immediately after coronary occlusion, and the 
elevated ST-segment declined gradually during the first 24 hr after occlusion (Fig. 

1), but usually persisted for four weeks in most cases. The mean value of the sum 

of ST-segment elevation at leads V2, V3 and V4 one week and four weeks after 
coronary occlusion was 0.69±0.17 mV and 0.55±0.09 mV, respectively. R waves 
rapidly declined and remained so for three hours and showed QS pattern in almost 

all dogs. Abnormal Q waves appeared three hours after coronary occlusion and 

persisted for four weeks. T wave amplitude increased in accord with the ST-
segment elevation, but rapid change to the negative coronary T wave was obser-
ved at about 6 hr. Fig. 2 shows the typical morphological appearance of trans-
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mural myocardial infarction. All seven dogs had transmural anterior infarction 
as shown in Fig. 2. The infarct size ranged from 6.7% to 20.8% of the left 
ventricular weight, with a mean of 12.0+4.2%. 

Changes in heart rate and left ventricular pressures 

   The heart rate and left ventricular pressures are shown in Table 1. The mean 
heart rate was 149.8 + 21.2 beats/min in the control in the experiment at one week, 
and increased to 212.0±4.9 beats/min by right atrial pacing. This pacing heart 
rate was maintained by the end of norepinephrine infusion and methoxamine 
injection. In the experiment at four weeks, the mean control heart rate was 
142.0± 9.5 beats/min and the atrial pacing rate was 197.1± 6.8 beats/min. 

   In the control and right atrial pacing, left ventricular systolic pressure was 
143.6 ± 7.2 mmHg and 134.6 ± 12.9 mmHg, respectively, in the experiment at one 
week. The pressure significantly increased during norepinephrine infusion at a 
rate of 151ag/min and methoxamine injection at a dose of 5.0 mg (254.0+11.7 
mmHg, p <0.01 and 226.0± 18.7 mmHg, p <0.01, respectively). The left 
ventricular end-diastolic pressure was within the normal range in controls, right 
atrial pacing and norepinephrine infusion, but was significantly increased (31.0+ 
2.0 mmHg, p <0.01) with methoxamine injection. 
   The pressure-rate product increased significantly by both norepinephrine 
infusion and methoxamine injection compared with the control and right atrial

TABLE 1. Changes in heart rate, LV systolic and end-diastolic pressures in controls, 
right atrial pacing, and norepinephrine infusion at 15 pug/min and methox-
amine injection at 5.0 mg under right atrial pacing at one week and four 
weeks after myocardial infarction
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pacing, but there was no significant difference between the norepinephrine infu-
sion and methoxamine injection. 
   The hemodynamic data in the experiment at four weeks were similar to those 

at one week, except for slightly lower values for heart rate and left ventricular 
end-diastolic pressure, as shown in Table 1.

Changes in ST segment 

   Fig. 3 shows the electrocardiographic changes on chest leads in one dog during 

the interventions at one week. Right atrial pacing did not induce significant 
changes in ST-segment. Norepinephrine infusion during right atrial pacing 

induced a marked elevation in ST-segment and positive change of negative T 
wave on leads V1 to V4. However, methoxamine injection did not result in any 

significant changes in ST-segment. 
   We represented the magnitude of ST-segment changes as the sum of those for

Fig . 3. Chest lead electrocardiographic changes produced by the three interven-
tions in a dog with anterior myocardial infarction one week after coronary 
occlusion. RAP is right atrial pacing, NE + RAP norepinephrine infusion of 
15 ,a g/min with RAP, and MX+ RAP methoxamine injection of 5.0 mg with 
RAP.
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leads V2, 173 and 174 (SST V2_4). As shown in Fig. 4, right atrial pacing did not 
cause a significant change in ST-segment at either one week or four weeks. 
However, norepinephrine infusion induced a significant elevation in SST V2_4 

both at one week and at four weeks, although the elevation in the latter was lower 
than that in the former. The ST-segment elevation during norepinephrine infu-
sion was dose-dependent at both times (Fig. 5). The DUST V2_4 (difference from 
the control of SST V2_4) with 3.75, 7.50 and 15.Opg/min of norepinephrine was 

0.46±0.09 mV, 0.70±0.18 mV, and 1.05±0.19 mV, respectively, at one week 

(n = 5), and 0.05 ± 0.03 mV, 0.26 ± 0.05 mV, and 0.32 ± 0.06 mV, respectively, at 
four weeks (n = 7). On the other hand, methoxamine injection did not result in 

any changes in ST-segment.

Changes in left ventricular global and regional wall motion 

   At one week, right atrial pacing resulted in slight decreases in LVEDV and 
LVEF, but norepinephrine induced a significant increase in LVEF and a slight 
decrease in LVESV compared with atrial pacing alone, as listed in Table 2. 
Methoxamine produced a significant decrease in LVEF (24.5+3.7%) compared 
with norepinephrine infusion (55.0+6.8%), and significant increases in LVEDV 

(73.5 + 7.5 ml) and LVESV (53.5 + 5.8 ml). At four weeks, the pattern of changes

Fig. 4. Mean summed ST-segment elevation in controls, right atrial pacing 
   (RAP), norepinephrine infusion with RAP (NE +RAP), and methoxamine 
   injection with RAP (MX+RAP) at one week (top, n=5) and four weeks 

   (bottom, n=7) after myocardial infarction. SST V2_4 is the sum of ST-
   segment elevation at leads V2, V3 and V4. * *p <0.01 vs. control; ttp <0.01 

   vs. RAP; 11p <0.01 vs. MX + RAP.
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Fig . 5. Dose-dependent changes in ST-segment elevation induced 

phrine infusion with right atrial pacing at one week (top, n 
weeks (bottom, n=7) after myocardial infarction. !ST V2_4 
ST-segment elevation at leads V2, V3 and V4. **p <0.01 vs. 
0.01 vs. 3.75,ug/min infusion.

by norepine-
=5) and four 

is the sum of 
control; ttp <

TABLE 2. Changes in LV volumes and ejection fraction in controls, right atrial pacing, 
and norepinephrine infusion at 15,ug/min and methoxamine injection at 
5.0 mg under right atrial pacing at one week and four weeks after myocardial 
infarction
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in left ventricular volumes and ejection fraction produced by the interventions 
was almost the same as that at one week. 
   The infarct zone showed very low values for regional wall motion evaluated 
as mean radial shortening (%) of each zone (1.1±1.9% and 4.2±1.3% at one week 
and four weeks, respectively) in the control state, and no significant changes were 

produced by the interventions, as shown in Table 3. The non-infarct zone 
showed a significant increase compared with the control in mean percent radial 
shortening during norepinephrine infusion and a decrease during methoxamine 
injection both at one week and four weeks. The border zone showed intermediate 
changes at both one week and four weeks.

                             DISCUSSION 
Experimental model of myocardial infarction in dogs 

   It has been reported (Agress et al. 1952; Jacobey et al. 1962; Eaton and 
Bukley 1981) that the production of transmural myocardial infarction by ligation 
of the epicardial large coronary artery in dogs is not usually feasible; but is 
facilitated by embolization of the coronary arteries. Eaton and Bukley (1981) 
reported that transmural myocardial infarction was successfully obtained by 
coronary artery ligation in only two of 20 mongrel dogs, while it was obtained by 
coronary artery embolization in 19 of 24 dogs, nine of which survived more than 
one week. Jacobey et al. (1962) produced transmural myocardial infarction by

TABLE 3. Changes in mean radial shortening of infarct, border and non-infarct zones in 
controls, right atrial pacing, and norepinephrine infusion at 15,ug/min and 
methoxamine injection at 5.0 mg under right atrial pacing at one week and 

four weeks after myocardial infarction
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injection of microspheres 297 to 350 pm in diameter into the coronary artery in 
closed-chest dogs and obtained survival rate of 42%. They noted that minimal 

dose of emboli and small territory of occluded arteries were important as condi-
tions of success. We used a mixture of gelatin sponge cubes 0.5 mm in length and 

gelatin sponge powder as emboli and occlusion site just distal to the bifurcation 
of the second diagonal branch in the LAD in all dogs except one. The four-week 
survival rate was 55.5% and the infarct size was 6.7 to 20.8% of left ventricular 

weight with a mean of 12.0±4.2%. 
   Since 1950, many substances have been used as emboli, such as microspheres 

(Agress et al. 1952), mercury (Lluch et al. 1969), ivalon sponge (Zollikofer et al. 
1981), gelatin sponge (Birkui et al. 1981) and metallic beads (Flowers et al. 1978). 

Coronary embolization with these substances leads to complete luminal occlusion 
of the entire length of the coronary artery up to the periphery, so that the 
development of collateral vessels is prevented and it is feasible to produce trans-
mural myocardial infarction. Coagulation necrosis is usually observed in embol-

ization, while contraction band necrosis is predominant in coronary artery ligation 
dogs (Eaton and Bukley 1981). In the present study, transmural anterior wall 
infarction with coagulation necrosis was produced (Data were not shown). This 

model in which gelatin sponge is used as the emboli is considered suitable for the 
experimental production of transmural myocardial infarction.

Relation between hemodynamic changes and ST segment elevation 

   In order to elucidate the mechanism of exercise-induced ST-segment elevation 
after myocardial infarction, the dogs were subjected to three interventions which 
were designed to simulate representative exercise hemodynamics such as tachycar-

dia, hypertension and positive inotropism. Right atrial pacing has been used as 
a method of inducing myocardial ischemia by increasing myocardial oxygen 

demand. Both norepinephrine and methoxamine induced the elevation in blood 

pressure by adrenergic mechanisms, but the former has both alpha and beta 
adrenergic actions and the latter only alpha adrenergic action. Therefore, nore-

pinephrine infusion more mimicks exercise hemodynamics to a greater extent than 
do the other two interventions. It is very interesting that norepinephrine in-
duced significant ST-segment elevation while the other two interventions did not. 

It is likely that beta adrenergic stimulation plays an important role in the 
ST-segment elevation observed in the present study. 
   The two , leading opinions regarding the mechanism of exercise-induced 
ST-segment elevation in patients with prior myocardial infarction are the effect of 
myocardial ischemia (Dunn et al. 1980; Fox et al. 1983) and that of wall motion 

abnormality in the infarct or pen-infarct zone (Chahine et al. 1976; Lahiri et al. 
1980), but there are still many controversial points. The myocardial ischemia 
induced by exercise results from increased myocardial oxygen consumption except 

for coronary artery spasm. In the present study, ST-segment elevation did not
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occur during pacing tachycardia or methoxamine injection during tachycardia. 
In contrast, norepinephrine infusion during tachycardia induced a significant 
ST-segment elevation even though the pressure-rate product was not significantly 
different between norepinephrine infusion and methoxamine injection. These 
results indicate that norepinephrine-induced ST-segment elevation does not result 
from only tachycardia or myocardial ischemia. Furthermore, the ST-segment 
elevation during norepinephrine infusion was accompanied by the improvement 
in mean radial shortening in border and non-infarct zones and an increase in 
LVEF. These data also support the assertion that norepinephrine-induced 
ST-segment elevation does not result from the impairment of wall motion abnor-
mality. 

   It is noteworthy that the mean radial shortening of the left ventricular wall 
in the infarct zone did not change when ST-segment was elevated during norepine-

phrine infusion, while an improved mean radial shortening was observed in the 
border and normal zones. As mentioned above, one hypothesis for the mechanism 
of exercise-induced ST-segment elevation is exacerbation of wall motion abnor-
malities in the infarct or border zone. In that case, the ventricular wall motion 
in these zones would become more dyskinetic or akinetic during the intervcntions. 
Brody (1956) postulated the increase of intracavitary blood volume in the left 
ventricle, and Amoore (19$5) assumed the increased proximity of the heart to the 
chest wall due to the distention of the ventricular wall as a cause of ST-segment 
elevation. In the present study, such hemodynamic abnormalities were observed 
during methoxamine injection, but ST-segment showed no significant change. In 
contrast, even though LVEDV and LVESV tended to decrease and LVEF in-
creased, norepinephrine infusion induced distinctive ST-segment elevation. 
These findings are in disagreement with the hypothesis that wall motion abnor-
mality participates in exercise-induced ST-segment elevation.

Relationship between norepinephrine and ST segment elevation 

   we observed that norepinephrine induced an ST-segment elevation while 
methoxamine did not, even though both produced marked elevation of left 
ventricular systolic pressure under right atrial pacing tachycardia. These data 

indicate that beta rather than alpha adrenergic stimulation brought about the 
ST-segment elevation. Since the pressure rate product with norepinephrine did 
not differ from that with methoxamine administration and the former was as-

sociated with improved wall motion in the non-infarct zone, the production of 
myocardial ischemia or wall motion abnormality may have been negligible. 
Mirvis et al. (1985) produced an experimental model of transmural infarction in 
dogs and demonstrated increase of ST-segment elevation with tachycardia. In 

their experiment, the epicardial action potential duration was found to decrease 
and its amplitude to diminish, and the injured myocardium maintained a less 

negative transmembrane potential during diastole. They stated that the combi-
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nation of these phenomena in regions adjacent to healthy myocardium may lead 

to ST-segment elevation. In the present study, however, pacing tachycardia 
alone did not produced, but beta-adrenergic stimulation induced significant 

ST-segment elevation. 
   Enchanced beta-adrenergic mechanism may produce a difference between the 
transmembrane potentials in the infarct region and those in the adjacent normal 

myocardium, because the hyperpolarization may be more strongly induced in the 
normal myocardium than in the infarct region by beta-adrenergic stimulation of 

electrogenic Na+-K+ pump activity (Wasserstrom et al. 1982; Desilets and Baum-

garten 1986). In diastole, the adjacent normal myocardium has more positive 
extra-cellular potential than the infarct region does, so that the vector of the 
current is outward on the infarct region, and ST-segment elevation may be 

produced according to the diastolic injury current theory. In systole, the enhan-
cement of the Ca2+ channel activity in the adjacent normal myocardium would be 
important for the mechanism of ST-segment elevation. Beta-adrenergic stimula-
tion increases the slow inward current of the action potentionls. As a result, the 

adjacent normal myocardium is more depolarized than the infarct region does, so 
that the vector of the extra-cellular current is inward on the infarct region, and 

ST-segment elevation may be produced according to the systolic injury current 
theory. We reported (Katori et al. 1994) that the plasma norepinephrine levels at 
maximal workload were significantly increased in patients with exercise-induced 

ST-segment elevation after myocardial infarction, compared with those in patient 

groups without ST-segment elevation. These data suggest a close relation 
between enhanced beta-adrenaergic mechanism and ST-segment elevation. 

   In conclusion, norepinephrine infusion during right atrial pacing induced a 
significant ST-segment elevation in experimental transmural myocardial infarc-
tion in dogs. We propose that an enhanced beta-adrenergic mechanism in the 

pen-infarct or non-infarct area may be responsible for the exercise-induced 
ST-segment elevation observed in patients with prior transmural myocardial 

infarction.
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