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The effect of different mechanisms of
myocardial ischemia on left ventricular function

Robert E. Carlson, BS, Kevin M. Kavanaugh, MD, and Andrew J. Buda, MD.

Ann Arbor, Mich.

Myocardial ischemia occurs as a result of an imbal-
ance between myocardial oxygen supply and
demand. Therefore ischemia can be produced either
by a decrease in coronary blood flow, which may be
termed “supply-type” ischemia, or alternatively by
an increase in myocardial oxygen demand in the
setting of a fixed coronary stenosis, which may be
termed “demand-type” ischemia. The clinical corre-
late of supply-type ischemia is variant angina, which
is associated with coronary artery spasm, whereas
demand-type ischemia is typical of the clasgic exer-
tional angina associated with artherosclerotic coro-
nary artery disease. However, regardless of the
mechanisms that produce ischemia, myocardial dys-
function occurs within seconds of its onset.!

Two recent studies®® have characterized both the
local functional and metabolic abnormalities of sup-
ply-type and demand-type ischemia, but there has
been no report to date that has directly compared
the spatial extent and severity of these two types of
ischemic dysfunction. To address this issue, we
performed circumferential left ventricular analyses
of both regional tissue blood flow and functional
parameters in dogs by means of two different models
of ischemia. Supply-type ischemia was induced by
abrupt circumflex coronary artery occlusion.
Demand-type ischemia was produced by increasing
myocardial oxygen demand pharmacologically with
dobutamine, a potent inotropic agent, after the
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creation of a single-vessel critical coronary steno-
sis.

METHODOLOGY

A total of 13 anesthetized, open-chest, male mon-
grel dogs (16 to 23 kg) were studied. Each animal
was anesthetized intravenously with thiamylal (20
mg/kg), followed by pentobarbital (30 mg/kg) as
needed, and underwent a left-sided thoracotomy in
the fifth intercostal space. Catheters were placed
into the left internal jugular vein for administration
of fluids and drugs, the left carotid and left and right
femoral arteries for withdrawal of reference arterial
blood samples, and the left atrial appendage for
administration of radioactive-labeled microspheres.
A proximal portion of the left circumflex coronary
artery (LCx) was isolated, and an electromagnetic
flow probe was placed around the vessel with a
snare-type occluder placed just distal to the probe.
For the stenosis group, a screw-type occluder was
placed on the LCx distal to the flow probe and
proximal to the snare. Both groups received brief
15-second occlusions to zero the flow probe and
produce a hyperemic response. A critical coronary
stenosis was produced by adjusting the screw
occluder until the peak hyperemic response was
abolished without a change in baseline blood flow.

Experimental protocol. After preparation of the
animal models, baseline short-axis, two-dimensional
echocardiography was performed at the level of the
midpapillary muscle. Concurrently, baseline hemo-
dynamic measurements were obtained and micro-
sphere injections were performed. After this base-
line period, the supply-type ischemia group under-
went LCx coronary occlusion. After approximately
10 minutes of occlusion, these animals received a
second microsphere infusion and repeat two-dimen-
sional echocardiography was performed. To induce
ischemia in the group with demand-type ischemia,
intravenous dobutamine (15 ug/kg/min) was admin-
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Fig. 1. Schematic illustration of method of circumferential blood flow analysis. Short-axis slice of left
ventricle at level of midpapillary muscle was divided into 16 segments; each segment was then cut into
subepicardial (EPI), midmyocardial (MID), and subendocardial (ENDO) pieces for analysis of radioactive
microsphere content. Two-dimensional echocardiograms were analyzed by means of similar radial

divisions.

istered to these animals for 10 minutes; identical
flow and function measurements were then ob-
tained.

Regional myocardial blood flow determination. The
distribution of regional coronary blood flow was
determined by the reference withdrawal technique
using methods previously described.* For each
determination approximately 1 to 2 X 10® carbon-
ized plastic microspheres (15 um diameter), labeled
with Sc*, Ru'®, or Ce'*!, were infused. At completion
of the experiment, animals were killed by injection
of potassium chloride, hearts were excised, and the
left ventricle was isolated. Two 5 mm slices of the
left ventricle corresponding to the level of the
midposterior papillary muscle were obtained and
dissected into sixteen 22.5-degree full-thickness sec-
tors corresponding to the appropriate sectors
obtained through the two-dimensional echocardio-
graphic regional wall thickening data (Fig. 1). Each
section was then cut into three pieces of approxi-
mately equal thickness from endocardium to epicar-
dium. Each piece of tissue was weighed and placed
in a gamma scintillation counter. After correcting
for background and overlapping counts through
computer analysis, tissue blood flow was calculated
with the equation Q./C, = Q./C,, where Q,, and Q,
are the respective myocardial blood flow (mi/min)
and withdrawal rate of the reference arterial blood
sample (ml/min), and C, and C, are the respective

counts per minute in the tissue sample and counts
per minute in the reference arterial sample. Flow per
gram of tissue was calculated by dividing flow by the
weight of the appropriate sample. Both central
ischemic and nonischemic regions of tissue blood
flow were obtained by graphically representing the
tissue blood flow (ml/min/gm) for the baseline and
ischemia time points by means of circumferential
blood flow maps.?

Echocardiographic analysis. With the use of a Dia-
sonics CRC minicomputer-based video digitizing
system (Diasonics, Milpitas, Calif.). end-diastolic
and end-systolic frames were selected for analysis by
means of the onset of the Q wave in lead II to define
end diastole and the smallest ventricular cavity to
define end systole. An experienced observer, who
was unaware of the experimental protocol, carefully
traced endocardial and epicardial borders directly
from the video display for three successive heart
beats by means of a digitizing tablet. Analysis of
regional wall thickening was performed by means of
a radial contraction model with a fixed diastolic
center of mass at 22.5-degree intervals over the full
left ventricular circumference. For correction of
rotation, the midpoint of the posterior papillary
muscle was fixed at 135 degrees. Wall thickening
was calculated as: (end-systolic wall thick-
ness — end-diastolic wall thickness/end-diastolic
wall thickness X 100%.
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Fig. 2. A, Map of circumferential left ventricular function during demand-type ischemia. B, Map of
circumferential function during supply-type ischemia. Note differences in severity of ischemic functional
responses. Extent of dysfunction as determined by circumferential portion of left ventricle, which
functions below baseline limits, is larger for supply-type ischemia compared to demand-type ischemia.
Similarly, degree of dysfunction is larger for supply-type ischemia and suggests that ischemic tissue
segments are more dyskinetic as a result of coronary occlusion compared to pharmacologically induced
increased myocardial oxygen demand in presence of coronary stenosis.

For each time point, the mean + standard devia-
tion was calculated for three normal beats for which
95% tolerance intervals were established from the
baseline wall thickening values. The wall thickening
values at baseline were then compared to those

valnea during ischemis and superimposed onto a
map that circumferentially expressed these data in
terms of the regions of the left ventricle being
examined. Abnormally functioning regions that
were below the functional tolerance limits set by the
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Fig. 3. Blood flow in three myocardial tissue levels during ischemia is compared in LAD and LCx regions
of left ventricle. As a result of particular ischemia-producing maneuver, differences in myocardial blood
flow in subendocardial (ENDO), midmyocardial (MID), and epicardial (EPI) layers are apparent.
Demand-type ischemia resulted in higher levels of flow relative to supply-type ischemia.

Table I. Hemodynamic and left ventricular global parameters

Supply Demand
Baseline Ischemia Baseline Ischemia
HR (beats/min) 149 + 6 147 + 7 144 + 6 157 + 8*
MAP (mm Hg) 124 + 4 113 £ 4* 109 + 2 155 + 16*
LVED area (cm?) 12.51 £ 0.70 14.91 + 0.63* 9.65 + 0.84% 9.75 + 1.12%
LVES area {(cm?) 6.05 £ 0.59 10.20 + 0.77** 4.02 + 0.51%1 3.76 + 0.84%
LV area EF (%) 0.52 + 0.02 0.32 = 0.03** 0.59 + 0.02 0.63 + 0.05%

EF = Ejection fraction; HR = heart rate; MAP = mean arterial pressure; LVED = left ventricular end-diastolic; LVES = left ventricular end-systolic.

*p < 0.05 vs baseline.

**p < 0.01 vs baseline.

+p < 0.01; supply vs demand.
tp < 0.05; supply vs demand.

baseline values were determined from the functional
maps and expressed as the circumferential extent
and degree of dysfunction (area units). The extent of
dysfunction was defined as the number of degrees
between curve intercepts of the lower tolerance limit
for the circumferential map of the ischemic and
baseline wall thickening data (Fig. 2, A and B). The
degree of dysfunction was measured as the planime-
tered area of the map that was enclosed by the
baseline lower tolerance limit and the dysfunctional
portion of the ischemic wall thickening curve. (Fig.
2, A and B).

Statistical analysis. All data are expressed as
mean + standard error of the mean. Appropriate
statistical analysis of values was made by means of
Student’s and Behrens-Fischer (F value > 4)
unpaired and paired t tests as appropriate. The

probability (p) was considered to be statistically
significant when p < 0.05.

OBSERVATIONS

Hemodynamic parameters. The hemodynamic and
left ventricular global functional data are summa-
rized in Table 1. The group with supply type ische-
mia had no significant changes in heart rate and a
decrease in mean arterial pressure during the ische-
mic insult compared to baseline values (p < 0.05).
The group with demand type ischemia had signifi-
cant increases in both heart rate (p < 0.05) and
blood pressure (p <0.05) during this period. An
analysis of left ventricular cavity areas as deter-
mined by two-dimensional echocardiography
showed baseline differences in both left ventricular
end-diastolic and end-systolic area measurements.
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Table Il. Regional myocardial blood flow
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LAD LCx
Region Supply Demand Supply Demand
Subendocardium
Baseline 1.05 + 0.14 1.09 + 0.16 1.22 + 0.23 1.08 + 0.11
Ischemia 1.13 = 0.17 2.03 + 0.33**1 0.09 + 0.04** 1.04 + 0.07t
Midmyocardium
Baseline 0.98 + 0.12 1.02 + 0.11 1.07 + 0.12 0.96 + 0.07
Ischemia 1.18 + 0.23 1.90 + 0.33*%,1 0.23 + 0.09** 1.56 + 0.22*,+
Subepicardium
Baseline 1.09 + 0.21 1.04 = 0.13 1.10 + 0.24 1.03 + 0.08
Ischemia 1.12 + 0.21 2.17 £ 0.41** 0.51 = 0.17* 1.85 + 0.34*,+
All values are in ml/min/gm.
*p < 0.05 vs baseline.
**+p < 0.01 vs baseline.
tp < 0.01; supply vs demand.
ip < 0.05; supply vs demand.
Table Il. Regional wall thickening
LAD LCx
Supply Demand Supply Demand
Baseline 39.5 + 2.2 45.3 + 1.3 336 + 22 38.8 + 2.5
Ischemia 63.6 + 7.6* 85.2 + 7.1** —16.2 + 3.7** 0.87 + 5.9**,1

All values are percentages of wall thickness.
**p < 0.01 vs baseline.
1p < 0.05; supply vs demand.

Although these differences in baseline cavity area
were present, a comparison of the left ventricular
area ejection fractions resulting from these values
showed no difference. However, during ischemia the
group with supply-type ischemia had significant
increases in left ventricular end-diastolic and end-
systolic areas and a significant decrease in the left
ventricular area ejection fraction compared to base-
line values (p < 0.01). The ischemic condition gener-
ated in the demand model did not produce a change
in area ejection fraction, suggesting that the
increased function in the nonischemic myocardium
produced by dobutamine offset any global dysfunc-
tion. A resulting intergroup comparison of left ven-
tricular cavity areas indicated that supply-type is-
chemia caused both end-systolic and end-diastolic
areas to increase significantly relative to the
demand-type ischemia. This resulted in a signifi-
cantly lower mean left ventricular area ejection
fraction for the group with supply type ischemia
comaparea W e group with demand type ischemia
(p <0.01).

Myocardial blood flow. Baseline and ischemic myo-
cardial blood flow values for subepicardial, midmyo-

cardial, and subendocardial segments in both the
nonischemic left anterior descending (LAD) region
and the ischemic LCx region are summarized in
Table II. An intergroup comparison of baseline
blood flow values for the three layers of the myocar-
dium showed no significant differences for associat-
ed segments in either the LAD or L.Cx regions of the
left ventricle. However, with the onset of ischemia-
induced left ventricular dysfunction, an intergroup
comparison of the L.Cx regions (Fig. 3) indicated a
marked difference in subendocardial blood flow
between the groups with supply-type and demand-
type ischemia (0.09 + 0.04 vs 1.04 + 0.07 ml/min/
gm; p < 0.01). This difference was also apparent at
the midmyocardial and subepicardial ischemic tis-
sue levels (Fig. 3). Compared to their respective
baseline values for subendocardial blood flow, dis-
similar changes occurred between the groups in
relation to ischemic blood flow; the group with
supply-type ischemia had a significant decrease in
LCx tissue blood flow, whereas in the group with
demand-type ischemia LCx blood flow did not
change from baseline values (Table II). For both the
midmyocardial and subepicardial layers, LCx tissue
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Fig. 4. Intergroup comparisons of both degree and extent of left ventricular dysfunction, reflecting
relative severity of supply-type and demand-type ischemia. Note group with supply-type ischemia had
both a larger degree of dysfunction and extent of dysfunction compared to similar measures of dysfunction

produced by demand-type ischemia.

blood flow increased significantly in the group with
demand-type ischemia, whereas severe reduction
below baséline values was present in the group with
supply-type ischemia.

Blood flow to the nonischemic, subendocardial
LAD region during the ischemic episode was lower
(1.13 + 0.17 ml/min/gm) for the group with supply-
type ischemia compared to the group with demand-
type ischemia (2.03 + 0.33 ml/min/gm; p < 0.05).
An intragroup companson indicated that LAD tis-
sue blood flow was augmented at all three myocardi-
al layers for both groups relative to their baseline
flow values; the group with supply-type ischemia
showed trends, whereas the group with demand-
type ischemia had significant increases in blood
flow, reflecting the increased myocardial oxygen
demands produced by infusion of dobutamine in
this latter group (Table II).

Regional left ventricular function relations. An anal-
ysis of the functional parameters obtained by two-
dimensional echocardiography indicated that signif-
icant differences exist between the ischemia pro-
duced by occlusion and that produced by stenosis
and increased myocardial oxygen demands (Table
III). With the onset of ischemia, the occluded ani-
mals had immediate left ventricular dysfunction
characterized by enlargement of the myocardial
cavity and ECG evidence of ST segment elevations,
whereas more variable yet similar responses were
observed in the group with demand-type ischemia.
Examples of circumferential function maps compar-
ing the extent and degree of dysfunction for the
supply- ahd demand- types of ischemia are shown in
Fig. 2, A and B. No significant differences were
found when baseline percentages of wall thickening

for the LAD and LCx regions were compared
between the groups with supply-type and demand-
type ischemia (Table III). During the ischemic peri-
od, the percentage of wall thickening in the LCx
region was significantly different for the group with
supply-type ischemia (—16.2 + 3.7%) compared to
the group with demand-type ischemia (0.9 + 5.9%;
p <0.05). After generation of circumferential wall
thickening maps comparing baseline and ischemia
time points, the extent of dysfunction for the group
with supply-type ischemia was greater compared to
the group with demand-type ischemia (p < 0.05; Fig.
4). Similarly, the degree of dysfunction was greater
in the group with supply-type ischemia (p < 0.05;
Fig. 4).

COMMENTS

Our results clearly indicate that supply-type is-
chemia produces a greater extent and degree of left
ventricular dysfunction than demand-type ische-
mia. Despite the occurrence of ischemia-related
dysfunction in both experimental conditions, the
difference in the resulting left ventricular dysfunc-
tion likely reflects différences in the severity of the
particular ischemic stress. This is supported by the
fact that coronary occlusion . produced a marked
decrease in myocardial blood flow in all layers of the
myocardium, whereas pharmacologic stress-induced
ischemia was associated with. less severe reductions
in myocardial blood flow and a relative redistribu-
tion of blood flow from the subendocardium to the
subepicardium. These distinct dxﬂ‘erences in pat-
terns of ischemic myocardial blood flow largely help
to explain the heterogeneous functional conse-
quences of these two distinct ischemic insults.
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Changes in myocardial blood flow after complete
coronary occlusion have been previously well inves-
tigated.®® As demonstrated in our study, at the time
of occlusion, a marked and severe reduction in blood
fAow occurs in all three layers of the myocardium and
is particularly marked in the subendocardial layer.
This is important because regional contractile func-
tion is almost linearly related to subendocardial
blood flow, and thus incremental decreases in
subendocardial blood flow are associated with a
proportional decrease in regional myocardial wall
thickness. This close coupling of subendocardial
blood flow and regional left ventricular function was
initially explored by means of unidimensional tech-
niques™® such as implanted sonomicrometers, but
more recently two-dimensional echocardiography
has been used.® ! Whereas sonomicrometry provides
highly accurate and precise data on regional func-
tion, two-dimensional echocardiography character-
izes the spatial distribution of the regional function-
al abnormality. In this sense, the two techniques are
highly complimentary in comprehensively charac-
terizing the functional consequences of acute myo-
cardial ischemia.

The extent and degree of left ventricular dysfunc-
tion after acute coronary occlusion that was found
by two-dimensional echocardiography in this study
are consistent with findings in our previous
studies® 12 and those of others.!3 !¢ However, only a
few studies have investigated tissue blood flow and
changes in myocardial function after increased car-
diac stress in the setting of a critical stenosis,''® and
only two previous studies®® have specifically com-
pared the functional consequences of supply-type
and demand-type ischemia. In one recent study by
Paulus et al.,? myocardial function was measured by
pressure-segment length relations after pacing
tachycardia in dogs with coronary stenoses and was
compared to function of the same segment during
coronary occlusion. In their study, ischemia pro-
duced by coronary stenoses plus a tachycardia-
induced increase in myocardial oxygen demands
(demand-type ischemia) had substantially different
effects on regional wall motion and segmental dia-
stolic mechanics from the ischemia produced by
coronary occlusion. In association with this
demand-type ischemia, diastolic dysfunction was a
major characteristic as indicated by an upward and
rightward shift of the diastolic pressure-segment
length relation and prolongation of the time con-
siani (tau) of left ventricular pressure decay. With
ischemia resulting from coronary occlusion (supply-
type ischemia), systolic dysfunction was the major
feature and similar analysis of diastolic dysfunction
was minimal. However, no attempt was made in
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their study to measure the extent of the observed
ischemic abnormalities. Thus, although diastolic
function was not assessed in our study, the present
observations agree with and further extend the
results of Paulus et al.? to indicate that the spatial
distribution of the functional abnormality measured
with these two different forms of ischemia also
differs substantially.

In addition to rapid pacing, other interventions
have been used to increase myocardial oxygen
demands in the presence of a coronary artery steno-
sis, including physiologic exercise'!® or administra-
tion of sympathomimetic drugs.’*% In our study,
dobutamine infusion was used in animals with a
single-vessel critical stenosis. Although this pharma-
cologic stress intervention may not produce the most
rigorous cardiovascular stress compared to other
interventions, dobutamine did significantly incredse
the heart rate-blood pressure double product and in
this way simulated the physiologic exercise state.
Furthermore, we chose dobutamine as a stress inter-
vention because it is being used clinically with
increasing frequency in combination with a variety
of cardiac imaging approaches as an alternative
stress procedure.?**

Dobutamine did not change the mean transmural
myocardial blood flow but produced a redistribution
of blood flow from the subendocardium to the
subepicardium and produced a concomitant
decrease in the endocardial/epicardial ratio consis-
tent with ischemia. This is in agreement with the
experience of Gallagher et al.,"® who used isoproter-
enol to induce cardiac stress. In their study, during
infusion of isoproterenol with coronary stenosis, wall
thickening was significantly decreased, although
blood flow was comparable to conditions at rest,
suggesting that the demand for blood flow exceeded
the supply. Function began to decrease during iso-
proterenol-induced ischemia when subendocardial
blood flow decreased to less than 150% to 200% of
the resting level. In addition, reductions in wall
thickening during infusion of isoproterenol corre-
lated well with decreases in regional subendocardial
blood flow. Also, in agreement with the findings of
Gallagher et al.® during ischemia, there was a redis-
tribution of blood flow from the subendocardium to
the subepicardium. The augmentation in subepicar-
dial flow most likely reflects decreased vascular
resistance in the outer myocardium. In the setting of
coronary stenosis, the reduced subepicardial resis-
tance may have produced a transmural steal effect
in which coronary inflow, limited in volume by the
stenosis, preferentially perfused the outer myocardi-
um at the expense of perfusion of the deeper layers."”
This redistribution of myocardial blood fow is
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particularly important in view of the major contri-
bution of the subendocardium to overall transmural
function both at rest and after inotropic stimula-
tion.” In the setting of inotropic challenge as pro-
duced with dobutamine, the contribution of suben-
docardial wall thickening in response to this
increased myocardial oxygen demand is augmented,
so that even a minor decrease in subendocardial
perfusion may lead to ischemic dysfunction. This
may explain the apparent paradox of left ventricular
dysfunction despite seemingly adequate myocardial
perfusion.

It is also interesting to note that compensatory
augmentation of left ventricular function in the
nonischemic LAD area occurred in both groups of
animals after induction of myocardial ischemia.
This hyperfunction in the nonischemic zones
appears to be related to a local Frank-Starling
phenomenon produced by an increased stretching of
the myocardial segments in this area, related to the
increased load caused by the dyskinetic segments of
the ischemic myocardium.? Another probable mech-
anism may result from regional intraventricular
unloading from the nonischemic area into the more
compliant ischemic area producing this compensato-
ry hypercontractile state.” In addition, the animals
that received the infusion of dobutamine had an
even greater increase in nonischemic hyperfunction,
which was most likely related to the synergistic
effect of this inotropic agent.

There are a number of metabolic alterations
between supply-type and demand-type ischemia
that may have contributed to the functional results
we observed. Complete coronary occlusion is known
to be associated with a local increase of {[H+] in the
ischemic myocardium, and this has been shown to be
more severe in supply-type ischemia than demand-
type ischemia.”® The restricted but continued myo-
cardial perfusion associated with demand-type is-
chemia is believed to limit local increases of [H+1,
thus acting to buffer changes in tissue pH.? Similar-
ly, local stores of phosphocreatine, a precursor of
high-energy phosphates, decrease significantly with
supply-type ischemia of a complete coronary occlu-
sion, whereas only minor decreases occur for this
metabolite in demand-type ischemia.? Furthermore,
Momomura et al.’ found that greater depression of
myocardial cell Po, and high-energy phosphates was
present during supply-type compared to demand-
type ischemia. These disparate metabolic results
further reflect the differences in the magnitude of
gseverity of the ischemia produced and help explain
the heterogeneity of our functional results.

There are alternative explanations for the differ-
ences in the functional abnormalities produced in
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the two groups of animals. It is possible that differ-
ences existed in the size of the myocardial area at
risk rendered ischemic. Because we did not specifi-
cally measure areas at risk in this study, we cannot
totally exclude this possibility. However, this
appears unlikely because the same coronary artery,
namely, the LCx, and the same anatomic site of
coronary manipulation were selected in both groups
of dogs. Although there may be individual variabili-
ty of areas at risk, in our previous experience of
infarct studies, using a similar site of occlusion on
the LCx,'*?" the myocardial area at risk was similar
in different groups of animals investigated. For both
of these reasons, it is unlikely that differences in
myocardial areas at risk explain the disparities in
functional results between supply-type and
demand-type ischemia. It is also possible that differ-
ent severities of ischemia were produced; given the
significant differences in myocardial blood flow
responses, this seems likely. However, to absolutely
determine whether this was indeed the case, a
metabolic marker of ischemia would be necessary.

There are some important clinical implications of
our observations. Supply-type ischemia is typical of
variant angina resulting from transient coronary
artery spasm or transient thrombotic occlusion.
Demand-type ischemia is commonly observed as
exertional angina associated with artherosclerotic
coronary artery disease. Our findings suggest that
coronary spasm or brief occlusion will produce
greater functional abnormality than exertional angi-
na. The marked functional abnormality observed by
two-dimensional echocardiography in patients with
variant angina® and the marked hemodynamic dete-
rioration that occurs in some of these patients
during ischemia® would tend to support this
hypothesis. However, it should be emphasized that
the clinical situation is much more complex than the
experimental models we studied, because many
patients have multivessel coronary involvement,
mixed angina (both supply-type and demand-type
ischemia), and coronary collaterals, all of which may
modify the functional response. Nevertheless, our
experimental findings suggest that functional dete-
rioration in the clinical setting may be associated
with both the type and severity of the ischemia
produced.

In conclusion, our results indicate that the extent
and degree of left ventricular dysfunction differ with
the mechanisms of production of myocardial ische-
mia. Supply-type ischemia, which occurs after coro-
nary artery occlusion, produces a greater extent and
degree of left ventricular dysfunction compared to
demand-type ischemia, which results from increased
myocardial oxygen demands in the setting of coro-
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nary stenosis. These observations provide additional
insight into the heterogeneous functional conse-
quences of acute myocardial ischemia in humans.

SUMMARY

Myocardial ischemia may be produced by limita-
tion of blood flow as in abrupt coronary occlusion,
termed supply-type ischemia, or by increasing myo-
cardial oxygen demand in the setting of restricted
flow, termed demand-type ischemia. T'o examine the
comparative extent and severity of the dysfunction
related to both forms of ischemia, we studied anes-
thetized, open-chest dogs by means of two-dimen-
sional echocardiography and tracer microspheres.
Supply-type ischemia was produced by total occlu-
sion of the LCx (n = 7); demand-type ischemia was
induced by infusion of dobutamine after creation of
a critical LCx stenosis (n = 6). At the time of the
production of ischemia, the group with demand-type
ischemia had significant increases in both heart rate
(p <0.05) and mean arterial pressure (p < 0.05),
whereas the group with supply-type ischemia had a
decrease in mean arterial pressure (p <0.05).
Subendocardial blood flow in the LCx region was
severely depressed in supply-type ischemia (0.09 +
0.04 ml/min/gm) compared to demand-type ische-
mia (1.04 + 0.07 ml/min/gm; p < 0.01). Although
both groups of animals had an abnormality of left
ventricular function during ischemia, as determined
by two-dimensional echocardiography, the extent of
the dysfunction in the group with supply-type ische-
mia was greater (146 + 12 degrees) compared to the
group with demand-type ischemia (99 + 9 degrees;
D <0.01). Similarly, the degree of left ventricular
dysfunction in the group with supply-type ischemia
was greater than that for the group with demand-
type ischemia (p < 0.05). Thus these data suggest
that supply-type ischemia produced by coronary
occlusion results in a greater extent and degree of
left ventricular functional abnormality than phar-
macologically induced demand-type ischemia.

We thank Diane P. Pace, BS, and Lisa Krause, MA, for
excellent technical assistance.
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