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Different Relations Between Infarct Size and Occluded Bed Size in 
Barbiturate-Anesthetized Versus Conscious Dogs 

BODH I. JUGDUTT, MB, CHB, MSc, FACC, with the technical assistance of MARIE RIESEL, 

JOHN HENRIKSEN, CHRISTINE WORTMAN, BSc 

Edmonton, Alberta, Canada 

The relation between infarct size and occluded bed size 
in barbiturate-anesthetized (n = 32) and conscious 
(n = 34) dogs was compared using models of the left 
anterior descending (n = 43) and circumflex (n = 23) 
coronary arteries with 2 day old infarcts. Infarct and 
occluded bed (postmortem coronary arteriography) masses 
were measured by computerized planimetry of weighed 
left ventricular rings. For either type of occlusion, in•
farcts were larger in anesthetized than in conscious dogs 
(56 versus 33% occluded bed, p < 0.001), with greater 
slopes of the linear regressions between infarct size and 
occluded bed size (p < 0.001) and less epicardial sparing 
(p < 0.05) on topographic mapping. Although arterial 
and left atrial pressures were similar in the two groups, 
heart rates were higher in the anesthetized dogs, both 
before (127 versus 88 beats/min, p < 0.001) and after 
(151 versus 109 beats/min, p < 0.001) occlusion. 

Myocardial blood flow distribution (radioactive mi-

Anesthetized and conscious dog models are commonly used 
to study the effect of therapies on myocardial infarct size. 
Coronary occlusion is done either I) under barbiturate anes•
thesia, with the chest opened (I), or 2) in the fully awake 
or mildly sedated animal, after recovery from surgery (2-8). 
Events in the early hours after coronary occlusion determine 
the extent of ultimate myocardial necrosis (9) and infarct 
size in anesthetized dogs might differ from that in conscious 
dogs because of the combined effects of anesthesia and 
surgical trauma. 
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crospheres, n = 33) favored the epicardium in anesthe•
tized dogs, with lower endocardial-epicardial flow ratios 
pre- and postocclusion. Also, the level of total plasma 
catecholamines (radioenzymatic assay) was higher in 
barbiturate-anesthetized (n = 5) than in conscious (n = 
5) dogs. Increasing the heart rate in conscious dogs 
(n = 18) to that ofthe anesthetized group (139 beats/min) 
by pacing produced larger infarcts and greater linear 
regression slopes, as seen in anesti)etized dogs. Decreas•
ing the heart rate in anesthetized dogs (n = 7) to that 
of the conscious group (98 beats/min) by sinoatrial node 
destruction and pacing resulted in smaller infarcts and 
lower linear regression slope, as seen in conscious dogs. 
Thus, the larger infarcts in barbiturate-anesthetized dogs 
appeared to be related mainly to the tachycardia, al•
though transmural maldistribution of flow and increased 
circulating catecholamines might have contributed. 

(J Am Coli Cardiol /985;6:1035-46) 

The primary aim of this study was to examine the linear 
regressions and topographic relations between infarct size 
and occluded bed size, defined by stereoscopic postmortem 
coronary arteriography, in barbiturate-anesthetized (I) and 
conscious (2-7) dogs with left circumflex or anterior de•
scending occlusions. Previous studies (1-8) showed that 
comparison of the slopes and intercepts of linear regressions 
after permanent coronary occlusion is a sensitive approach 
for detecting the effect of therapy during acute infarction. 
Also, the arteriographic method of defining occluded bed 
size was shown to be reproducible (1-5,7,8,10) and per•
mitted mapping of infarcts (1-5,7,8), flow (1-5,7,8, II) and 
mechanical abnormalities (12) in relation to a fixed anatomic 
reference. 

The analysis of infarct size relative to occluded bed size 
recognizes that: I) coronary anatomy is variable and results 
in a wide range of occluded bed and infarct sizes despite 
occlusions at similar anatomic locations, but a direct relation 
exists between infarct size and occluded bed size; 2) infarcts 
are smaller than the occluded beds, leaving variable rims 
of uninfarcted myocardium in the occluded beds; and 3) 
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small occluded beds, less than 10 to 20% of left ventricular 
mass, are usually associated with no infarcts (1,2). This last 
fact has an important "dilution" effect on group compar•
isons of infarct mass (in grams or as percent of left ven•
tricular mass). Because of this effect, larger numbers of 
dogs are needed to detect effects of therapy than are needed 
to compare linear regressions (2-5,7,8). 

A secondary aim WqS to clarify some possible mecha•
nisms for differences in infarct size between barbiturate•
anesthetized and conscious dog models. 

Methods 
Experimental procedure. Experiments were done in 116 

healthy mongrel dogs weighing 14 to 20 kg. The first 82 
dogs were randomized for coronary artery occlusion under 
barbiturate anesthesia (n = 41) or in the conscious state 
(n = 41) and for measurement of infarct size 2 days after 
occlusion (2,11). All dogs were instrumented under general 
anesthesia (intravenous sodium pentobarbital, 30 mglkg body 
weight) and through a left lateral thoracotomy with 1) a 
plastic occluder snare around the left anterior descending 
or circumflex artery distal to the first diagonal or marginal 
branch, and 2) plastic catheters in the external jugular vein, 
right common carotid artery and left atrium. The time re•
quired for instrumentation and chest closure averaged pO 
minutes (range 50 to 70). In the anesthetized group, occlu•
sion was produced 60 minutes (range 50 to 70) after bar•
biturate was given and 30 minutes before the chest was 
closed. A second dose of intravenous barbiturate (5 mg/kg) 
was given 2 to 3 hours after occlusion to maintain anes•
thesia. In the conscious group, occlusion was performed 7 
to 10 days after surgery in 36 survivors, with the dogs 
standing in a sling, and 30 minutes after intravenous mor•
phine (0.3 mg/kg) for analgesia and light sedation. In both 
groups, left atrial and aortic pressures (Statham P23Db) and 
leqd II of the electrocqrdiogram were recorded continuously 
on a multichannel recorder (Gould) for 10 minutes before 
and 4 hours after occlusion. Five minutes after occlusion, 
all dogs received intravenous lidocaine (l mg/kg) to sup•
press ventricular arrhythmias. Arterial blood gases and re•
sults on hemograms were within the normal range in all 
dogs, with no difference between groups. 

Measurement of infarct size and occluded bed size. The 
66 dogs surviving 2 days were reanesthetized and given a 
lethal dose of intravenous potassium chloride. The heart 
was removed, washed and weighed. Infarct size and oc•
cluded bed size were measured as described previously (2). 
Stereoscopic postmortem coronary arteriography was per•
formed on all fresh hearts using simultaneous pressure-con•
trolled injections of the three coronary arteries and the oc•
cluded vessel with a barium sulfate-gelatin mass. Monastral 
dyes (Du Pont Company) were added to the injectates to 
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facilitate sampling for flow. After injection, hearts were 
packed with gauze to preserve diastolic proportions and 
fixed in 10% buffered formalin for 48 hours. Each heart 
was then radiographed in two perpendicular planes and fill•
ing of vessels proximal and distal to the occlusion was 
confirmed on all artj!riograms. Beginning at the level of the 
occlusion, 11 transverse sec!ions were made, giving 10 sec•
tions (5 to 7 mm in thickness) below the occlusion. All 
sections were radiographed with metallic markers to facil•
itate orientation, and anatomic boundaries between occluded 
and unoccluded vascular beds were marked on paired coded 
radiographs by two observers with no knowledge of the 
gross appearance of the sections (Fig. 1). The overlap of 
vessels across boundary markings was minimal (upper sec•
tions 1 to 2 mm, apical section I to 3 mm). Boundaries 
drawn by two observers differed by 1 to 2 mm, whereas 
those made by the same observers had to be shifted by 1 
to 3 mm in 5% of the cases, mainly in the septal region of 
the first few sections. Inter- and intraobserver differences 
in marking the boundaries were negligil:)le « 1 % occluded 
bed, as percent of left ventricular mass) and were resolved 

Figure 1. Delineation of anatomic boundaries of occluded bed 
and infarct. A and B, Boundaries of the occluded bed (dotted 
lines) in left ventricular ring radiographs of two slices from a heart 
after 'postmortem coronary arteriography performed after left cir•
cumflex occlusion. C, Infarct in the left ventricular ring corre•
sponding to the slice shown in panel A. D, Superimposed outlines 
of the left ventricular ring, occluded bed and infarct from the slice 
shown in palJels A and C. 
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by consensus. The average interobserver error in the 66 
hearts was I mm (± I SD). 

Left ventricular transverse sections were weighed and 
outlines of the sections and infarcts drawn on plastic 
overlays, without knowledge of interventions. Markings of 
the occluded bed were copied on these outlines. Area and 
dimensions of the infarct, occluded bed and whole section 
were measured by computerized planimetry (HP 9835A 
computer and 9874A digitizer), and infarct and occluded 
bed masses were computed for each section and each left 
ventricle as described previously (2,7,11). The mass of in•
farcted myocardium was expressed as percent of occluded 
bed mass. Topographic maps of the infarct and occluded 
bed in each section were plotted from linear and angular 
measurements (Fig. 2); average maps were generated by 
computer for corresponding sections in different groups and 
data reduced to five equally spaced sections (7). 

Measurement of regional myocardial blood flow. Flow 
was measured in 20 anesthetized and 20 conscious dogs 
with left circumflex (n = 20) or anterior descending (n = 

20) artery occlusion, using 7 to 10 /Lm diameter micro•
spheres labeled with cerium-141, ruthenium-l03, chro•
mium-51 or scandium-46 (New England Nuclear) and sus•
pended in 20% dextran and 0.01 % polysorbate 80 (Tween 
80). As described previously (2,7, II), the microspheres 
were sonicated for 5 minutes before use; 4 X 106 micro-

Figure 2. Actual computer map of the infarct, occluded bed and 
left ventricular (LV) ring at the papillary muscle level. The center 
of the inner endocardial contour was computed. Points along inner 
and outer contours are at 5° intervals. Linear measurements were 
made along or between selected radii as well as between appro•
priate pairs of points within the occluded bed. Radii were drawn 
at intersections of the inner perimeter with the infarct and occluded 
bed (large dots) so that angular extents of the infarct (a) and 
lateral rims of the uninfarcted myocardium within the occluded 
bed ({31 and {32) could be measured. Intersections of the occluded 
bed boundaries with the outer perimeter and the right ventricle 
with the left ventricular ring (A and P) were also recorded (large 
dots). Data from corresponding rings of all hearts within a group 
were used to compute the average map for that group. 
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spheres (20 /LCi) were injected into the left atrium and 
flushed by 5 ml saline solution over 10 seconds; and ref•
erence arterial blood was withdrawn (2.06 mllmin) on a 
calibrated pump for 30 seconds before and 2.5 minutes after 
each injection. Measurements were made 5 minutes before 
occlusion and at 30 minutes and 4 hours after occlusion. 
After quantitation of infarct and occluded bed size, trans•
mural myocardial samples (2 to 3 g) were taken from three 
regions of the left ventricular sections: infarct center, infarct 
margin and uninfarcted lateral "border" regions (normal•
appearing zone within marked boundaries and 1 to 5 mm 
away from the infarct margin) of the occluded bed as well 
as from the center of the nonoccluded bed. Samples were 
divided into inner and outer halves, which were weighed 
and counted for radioactivity in a gamma scintillation counter 
(Tracor Northern 2250). 

Flow (mllmin per g) was computed as follows: flow = 

(CM X R/CR), where CM = corrected counts per gram in 
myocardial samples, R = withdrawal rate of reference blood 
and CR = counts in reference blood. Flows were analyzed 
before and after correction for microsphere loss (13-15). 
Correction was made by dividing flow in each region by 
the corresponding ratio of preocclusion flow in ischemic and 
nonischemic regions (4,5,16). 

Catecholamines. Plasma catecholamirres were mea•
sured in five anesthetized and five conscious dogs using the 
radioenzymatic assay of Peuler and Johnson (17). Arterial 
and venous blood were sampled hourly for the first 4 hours 
after anterior descending artery occlusion. 

Pacing experiments. In 34 other instrumented dogs, 
pacing wires were sut\lred to the right ventricle and con•
nected to a pacemaker (Medtronic 5330, atrioventricular 
sequential, demand, 3 rnA). First, 22 conscious dogs were 
paced at the average heart rate of the anesthetized group 
(139 beats/min); circumflex (n = II) or anterior descending 
(n = II) artery occlusion was made and pacing continued 
for 4 hours after occlusion. Second, 12 barbiturate•
anesthetized dogs were paced, after sinoatrial node destruc•
tion, at the average rate of the conscious group (98 beats/min) 
and pacing continued for 4 hours after anterior descending 
artery occlusion. The sinoatrial node was located by apply•
ing dry ice (C02 snow, -76°C) to the right atrium, further 
cooled until the heart rate was persistently below 60 beats/min 
and then crushed with a clamp and plicated to ensure de•
struction (necrosis confirmed by subsequent histologic study 
in each case). In both experiments, infarct and occluded 
bed sizes were measured 2 days later. 

Histology. Histologic sections of samples from central 
regions of the occluded beds were made in the same planes 
as the planimetric ally measured top surfaces, stained with 
hematoxylin-eosin and total histologic necrosis was assessed 
morphometrically and expressed as percent of the sample 
area. Histologic criteria for necrosis included pyknosis, kar•
yorrhexis, karyolysis, fiber fragmentation, polymorphonu-
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Table l. Occluded Bed and Infarct Sizes in Barbiturate-Anesthetized and Conscious Dogs 

Coronary Infarct Occluded Occluded Infarct! 
Occlusion Mass Bed Mass LV Mass Bed/LV Occluded Bed 

Group (g) (g) (g) (%) (%) 

Circumflex 
Anesthetized (n = 17) 16 ± 2 31 ± 2 87 ± 6 36 ± 2 50 ± 3t 

(2-24) (17-43) (52-145) (23-47) (0-65) 
Conscious (n .= 26) 13 ± 2 35 ± 3 84 ± 3 40 ± 2 32 ± 4 

(0-37) (9-78) (56-128) (17-59) (0-55) 
Anterior descending 

Anesthetized (n = 15) 13 ± 2 19 ± 2 79 ± 6 23 ± 2 67 ± 4t 
(0-31) (6-40) (50-131) (7-30) (25-88) 

Conscious (n ~ 8) 10 ± 3 22 ± 3 81 ± 6 27 ± 5 38 ± 7 
(0-25) (8-39) (52-104) (10-54) (0-63) 

Total group 
Anesthetized (n = 32) 14 ± I 25 ± 2* 83 ± 4 29 ± 2t 56 ± 3§ 

(0-31) (6-43) (50-145) (7-47) (0-88) 
Conscious (n = 34) 12 ± 2 32 ± 2 83 ± 3 37 ± 2 33 ± 3 

(0-37) (8-78) (52-128) (10-59) (0-63) 

*p < O.OS, tp < O.()I. §p < 0.00 I, respectively, comparing anesthetized with conscious groups or 
subgroups. Values in parentheses represent range. Values are mean ± SEM. LAD = left anterior descending 
artery; LC = left circumflex artery; LV = left ventricle. 

clear cell infiltration, loss of fiber cross striations and deep 
eosinophilic appearance of fibers (9). More than two criteria 
had to be present before the tissue was classified as necrotic. 
The percent of visual necrosis determined by planimetry 
agreed with the percent of histologic necrosis (visual = 

0.97 histologic + 5.89; r = 0.95, n = 50, P < 0.00l), 
in agreement with previous studies (2-5,7). 

Statistics. The following statistical methods were used: 
1) analysis of variance (ANOVA) for the significance of 
differences within and among groups; 2) linear regression 
analysis by the least square fit method, and the significance 
of r values and slopes by ANOV A; 3) the 2 x 2 chi-square 
(with ANOV A) for significance of differences in event fre•
quency between groups; 4) ANOV A for the two postocclu•
sion flows within groups; and 5) repeated measures ANOV A 
for hemodynamic changes. Results are given as mean ± 
standard error. The level of statistical significance was p < 
0.05. 

Results 
Infarct size as percent of occluded bed size. The in•

farct data for barbiturate-anesthetized versus conscious groups 
and left circumflex versus left anterior descending coronary 
artery occlusion subgroups are summarized in Table 1. The 
larger occluded bed in the conscious group was probably 
related to the greater mortality in the anesthetized group (9 
of 41 versus 2 of 36, chi-square = 4.21, P < 0.05). Infarct 
size as percent of occluded bed was greater in the anesthe•
tized than in the conscious dogs (Fig. 3) for the entire group 
(56 versus 33%, p < 0.001), the circumflex subgroup (49 
versus 32%, p < 0.025) and the anterior descending subgroup 
(66 versus 37%, p < 0.005). This difference between groups 

was also present when hearts with small occluded beds 
«20% left ventricular mass) or hearts with no infarct were 
excluded. Thus, excluding hearts without an infarct, infarct 
size as percent of occluded bed for anesthetized and con•
scious subgroups was 49 ± 3 versus 36 ± 3% (p < 0.01) 
for circumflex artery infarcts and 66 ± 4 versus 43 ± 5% 
(p < 0.005) for anterior descending artery infarcts. 

Relation between infarct size and occluded bed size. For 
each of the four subgroups, infarct size (as percent of left 
ventricle) was directly related to the size of the occluded 
bed (as percent of left ventricle) over a wide range of values 
(Fig. 4). More important, the slopes of the regressions (but 
not horizontal axis intercepts) were greater in barbiturate•
anesthetized than in conscious subgroups with either cir•
cumflex artery occlusion (0.97 versus 0.83, p < 0.001) or 
anterior descending artery occlusion (0.94 versus 0.79, P 
< 0.001). These results indicate that for similar occluded 

Figure 3. Two day old infarcts, as percent of occluded bed, are 
larger in barbiturate-anesthetized (A) compared with conscious (C) 
dogs with either left circumflex (LC) or left anterior descending 
(LAD) coronary artery occlusion. LV = left ventricle. 
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Figure 4. Linear regressions between infarct size and occluded 
bed size. The slope in anesthetized (A) dogs is greater (p < 0.001) 
than that in conscious (C) dogs with either left circumflex (LC) 
or left anterior descending (LAD) coronary occlusion. Horizontal 
intercepts were greater (p < 0.05) for left circumflex (panel a) 
than left anterior descending occlusions (panel b), indicating that 
left anterior descending infarcts are larger than left circumflex 
infarcts in both anesthetized and conscious states. Horizontal in•
tercepts within left circumflex (panel a) or left anterior descending 
(panel b) subgroups were similar (p > 0.05). 

bed sizes, infarcts were larger in the anesthetized dogs, 
regardless of the type of occlusion. 

No infarcts developed in five dogs with a small occluded 
bed (range 9 to 27% of the left ventricle), in one dog in the 
anesthetized group (circumflex artery occlusion) and four 
dogs in the conscious group (anterior descending artery oc•
clusion in one and circumflex artery occlusion in three). 
The intercepts of the linear regressions on the occluded bed 
axis in Figure 4 (but not the slopes) were greater (p < 0.05) 
for circumflex than for anterior descending occlusion in 
anesthetized (17. a versus 5,9%) and conscious subgroups 
(22,5 versus 11.7 %), indicating that anterior descending 
infarcts were also larger than circumflex infarcts, as reported 
previously (1). 

Infarct topography. Infarct geometry was significantly 
different for barbiturate-anesthetized and conscious dogs 
with either anterior descending or circumflex infarcts (Fig. 
5). Average computer-generated maps of infarct and oc•
cluded bed in five equally spaced left ventricular sections, 
from base to apex, revealed the following differences be•
tween anterior descending and circumflex infarcts: I) infarct 
locations were different (anterior versus posterior by angular 
coordinates), although both showed clockwise rotation of 
the infarct from base to apex relative to the anatomic land•
mark of the junction of the anterior left ventricular free wall 
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and the right ventricle; 2) anterior descending infarct areas 
increased toward the apex whereas circumflex infarct areas 
decreased; 3) the area of uninfarcted myocardium in the 
occluded bed was greater for circumflex than for anterior 
descending infarcts, as reported previously (1); and 4) an•
terior descending infarcts became more transmural toward 
the apex while circumflex infarcts were more transmural at 
the base. More important, for either type of occlusion, the 
following differences between infarcts in anesthetized and 
conscious dogs were found: 1) greater infarct size (as percent 
of occluded bed) in anesthetized dogs in each left ventricular 
ring from base to apex (p < 0.05); 2) less uninfarcted 
myocardium in the occluded bed of anesthetized dogs 
(48 ± 3 versus 67 ± 3%, P < 0.001); 3) less lateral and 
subepicardial thicknesses of noninfarcted myocardium in the 
occluded bed of anesthetized dogs (Table 2); and 4) greater 
angular extent of infarcts in anesthetized dogs, reflecting 
greater endocardial extent. There was no difference in fre•
quency of "transmurality" of the infarcts in anesthetized 
versus conscious groups using definitions of greater than 
50% wall thickness (75 versus 63%, NS) or 100% wall 
thickness (38 versus 35%, NS). Also, for anesthetized ver•
sus conscious groups, the average infarct area over the five 
levels differed in the epicardial (1.5 versus 0.5 cm2

, p < 
0.0 I) but not the endocardial (1.8 versus 1.3 cm2

, p < 0.1) 
half. Furthermore, the average percent increase in infarct 
area (as percent of occluded bed) in anesthetized dogs over 
that in conscious dogs was greater in the epicardial than in 
the endocardial half (266 versus 38%, p < 0.025), with no 
difference between circumflex and anterior descending 
infarcts. 

Hemodynamics. The hemodynamic changes in barbi•
turate-anesthetized and conscious groups are summarized in 
Figure 6. Heart rate was higher in anesthetized than in 
conscious groups (p < 0.001), both before occlusion 
(127 ± 4 versus 88 ± 2 beats/min) and for 4 hours after 
occlusion (151 ± 4 versus 109 ± 3 beats/min). In both 
groups, heart rate increased after occlusion (p < 0.00 I). 
Mean arterial pressure in the two groups was similar, both 
before (117 ± 2 versus 111 ± 2 mm Hg) and after (Ill 
± 2 versus III ± 2 mm Hg) occlusion, and did not change 
after occlusion in either group. Mean left atrial pressure 
increased (p < 0.001) after occlusion in both anesthetized 
(6.6 ± 0.2 versus 14.6 ± 0.5 mm Hg) and conscious (6.8 
± 0.2 versus 13.5 ± 0.5 mm Hg) groups, but there was 
no difference in pre- and postocclusion values between the 
two groups. Within either group, the hemodynamic changes 
were similar for the two types of occlusion. However, post•
occlusion heart rate with circumflex artery occlusion was 
slightly less than with anterior descending artery occlusion 
in both anesthetized (145 versus 157 beats/min, p < 0.1) 
and conscious (105 versus 115 beats/min, p < 0.01) 
subgroups. 

Regional myocardial blood flow. Regional perfusion 
data in 33 dogs with a detectable infarct (circumflex, n = 
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Figure S. Average computer-generated maps for barbiturate•
anesthetized and conscious dogs with left anterior descending (LAD) 
and left circumflex (LC) coronary occlusion. Infarct mass as per•
cent of occluded bed (IIOB) is indicated by numbers (mean ± 
SEM) at the lower right of each map. Angular extent of the infarct 
(a), in degrees, is shown at the upper right of each map. Asterisks 
on epicardial contours indicate anatomic locations of junctions of 
the left and right ventricles. 

17; anterior descending, n = 16) from conscious (n = 16) 
and barbiturate-anesthetized (n = 17) groups is summarized 
in Table 3. For these dogs, the occluded bed size was similar 
in the two groups (35.9 ± 1.9 versus 40.2 ± 2.3% left 
ventricle, NS) and the infarct was larger in the anesthetized 
group (49.6 ± 3.2 versus 32.0 ± 3.7% occluded bed, 
p < 0.005). The numbers of paired endocardial and epi•
cardial samples pooled in each region for the two groups 
were, respectively, infarct center, 84 and 76; infarct margin, 
168 and 152; border region, 156 and 136; normal unoc•
cluded region, 108 and 96. In the remaining seven dogs 
without an infarct (four conscious, three anesthetized), the 
occluded bed size averaged 13.5 ± 1.6% of the left ven•
tricle. Their 30 minute postocclusion myocardial flow av•
eraged 0.72 ± 0.04 ml/min per g in the center of the 
occluded bed and 1.01 ± 0.03 mllmin per g in the center 
of the nonoccluded region. 
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Preocclusion flows were lower in infarcted than in non•
infarcted regions, suggesting microsphere loss (Table 3). 
Because changes in flow were similar before and after cor•
rection for microsphere loss, only uncorrected data are shown. 
In both groups, postocclusion flow in the occluded bed was 
lower than preocclusion flow (p < 0.001), showed gradients 
from lateral to central regions and epicardial to endocardial 
regions and did not change between 30 minutes and 4 hours. 
However, the transmural distribution favored the endocar•
dium more in conscious than in barbiturate-anesthetized dogs. 
Thus, after circumflex artery occlusion, endocardial flow in 
the center of the occluded bed at 30 minutes was less in the 
anesthetized than in the conscious group (0.04 ± 0.01 ver•
sus 0.08 ± 0.01 mllmin per g, p < 0.05). By 4 hours, 
both endocardial and epicardial flows in the center of the 
occluded bed were less in the anesthetized group. In con•
trast, the pre- and postocclusion endocardial-epicardial flow 
ratios in all regions were less (p < 0.05) in anesthetized 
than in conscious dogs (Table 4). Thus, the flow ratios in 
the two groups 4 hours after occlusion were, respectively, 
0.36 versus 0.47 (p < 0.05) at the infarct center, 0.55 versus 
0.72 (p < 0.05) at the infarct margin and 0.63 versus 0.80 
(p < 0.05) at the uninfarcted border region. Similar dif•
ferences in myocardial flow and flow ratio were found in 
most regions with anterior descending occlusion (Tables 3 
and 4). Infarct size was inversely related to flow in both 
groups. 
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Table 2. Topographic Infarct Data in Barbiturate-Anesthetized and Conscious Dogs 

Ring 
Infarct! 
LV (%) 

Infarct! 
Occluded 
Bed (%) 

Angular 
Extent (aO) 

Thickne,s of Noninfarcted Rim (mm) 

Left Right Epicardia[ 

LAD Anesthetized (n = [5) 

I 
2 
3 
4 
5 

2 ± 1* 
19 ± 3* 
25 ± 4* 
37 ± 3* 
53 ± 6* 

15 ± 2* 
5[ ± 6* 
62 ± 5* 
67 ± 4* 
72 ± 5* 

52 ± 3* 
125 ± 8* 
164 ± 7* 
229 ± 4* 
285 ± 6* 

5.5 ± 0.4* 
3.8 ± 0.5* 
3.2 ± 0.4* 
2.5 ± 0.2' 
1.2±0.1* 

6.0 ' (j.1 * 
5.0 ± OA* 
3.5 ± (U* 
2.0 -' n.::" 
IA + (J.I' 

9.0 ± 0.5 
2.8 ± 0.4* 
2. [ ± 0.2* 
1.5 ± 0.2* 
0.7 ± 0.1* 

LAD Conscious (n = 7) 

I 
2 
3 
4 
5 

I ± I 
10 ± 4 
12 ± 6 
15 ± 6 
25 ± 8 

7 ± 2 
18 ± 4 
28 ± 8 
35 ± 6 
4[ ± 5 

40 ± 4 
87 ± 10 

135 ± 10 
203 ± 6 
2S0 ± 7 

8.5 ± 0.1 
6.3 ± 0.5 
6.5 ± 0.6 
4.2 ± 0.3 
3.7 ± 0.2 

7.0 :':: 0.2 
6.5': 0.5 
7.0 ± 0.6 
4.0 ± 0.5 
3.2 ± 0.3 

9.S ± 0.5 
6.0 ± 0.4 
6.0 ± 0.5 
6.2 ± 0.4 
4.5 ± 0.3 

LC Anesthetized (n = 16) 

2 
3 
4 
5 

18 ± 2* 
18 ± 2* 
19 ± 2* 
19 ± 2* 
6 ± 3* 

57 ± 3* 
54 ± 3* 
52 ± 3* 
45 ± 3* 
25 ± 3* 

134 ± 10* 
119 ± 6* 
126 ± 8* 
142 ± 14* 
68 ± 5* 

3.2 ± 0.4* 
3.5 ± 0.2* 
4.2 ± 0.2* 
3.2 ± 0.2* 
3.0 ± 0.2* 

4.2 ± 0.3* 
3.0 ± 0.2* 
4.5 ± 0.4* 
3.5 ± 0.3* 
2.4 ± 0.1 * 

1.9±0.1* 
3.0 ± 0.2* 
3.9 ± 0.2* 
3.4 ± 0.2* 
4.2 ± 0.2* 

LC Conscious (n = 23) 

I 
2 
3 
4 
5 

15 ± 2 
13 ± 3 
II ± 2 
10 ± 2 
3 ± 2 

32 ± 3 
30 ± 3 
26 ± 3 
24 ± 4 
II ± 2 

lIS ± 9 
97 ± 5 
91 ± 10 
96 ± 13 
53 ± 4 

7.5 ± 0.4 
6.5 ± 0.5 
6.0 ± 0.4 
4.3 ± 0.4 
4.0 ± 0.3 

6.5 ± 0.3 
6.5 ± 0.5 
6.0 ± 0.5 
5.0 ± 0.3 
3.0 ± 0.1 

5.0 ± 0.5 
5.5 ± 0.4 
6.1 ± 0.3 
5.0 ± 0.4 
7.0 ± 0.4 

*p < 0.05, significance of difference between corresponding rings in anesthetized and conscious groups for left anterior descending and left circumflex 
artery infarcts, respectively. Values are mean ± SEM. Abbreviations as in Table I. 

Plasma catecholamines. The level of total catechol•
amines in venous blood was higher than in arterial blood, 
but both levels were greater in barbiturate-anesthetized than 
in conscious dogs before and after anterior descending artery 
occlusion (Table 5). This difference in catecholamines in 
the two groups was related to higher levels of epinephrine 
in the anesthetized dogs. Thus, the venous levels of epi•
nephrine in the anesthetized and conscious dogs were 
705 ± 89 versus 144 ± 29 ng/liter before occlusion (p < 
0.001) and 730 ± 124 versus 106 ± 23 ng/liter after oc•
clusion (p < 0.005). There was no difference in norepi•
nephrine or dopamine levels in the two groups. The infarct 
(as percent of occluded bed) in these anesthetized dogs was 
larger than in the conscious dogs (48 versus 25%, p < 0.05). 

Effect of pacing. Of the 22 paced conscious dogs, 18 
survived 2 days (10 with circumflex artery occlusion, 8 with 
anterior descending artery occlusion). Their infarct was larger 
than in the previous unpaced conscious dogs (48.3 ± 6.8 

versus 32.9 ± 2.8% occluded bed, p < 0.025). The slope 
of the linear regressions in the paced conscious dogs was 
also greater than in the unpaced conscious dogs with cir•
cumflex occlusion (1.28 versus 0.83, p < 0.001; Fig. 7) or 
anterior descending occlusion (1.03 versus 0.79, P < 0.001; 
Fig. 8). Furthermore, the slope was similar to that of pre•
vious anesthetized dogs with circumflex occlusion (1. 28 
versus 0.97, NS) or anterior descending occlusion (l.03 
versus 0.94, NS). 

Of the 12 anesthetized dogs with sinoatrial node destruc•
tion and pacing at the slower rate of the conscious group, 
7 survived 2 days. Their infarct (as percent of occluded bed) 
was smaller than that in the previous anesthetized subgroup 
with anterior descending occlusion (33.2 ± 6.5 versus 
66.5 ± 3.8%, P < 0.001) and similar to that in the corre•
sponding previous conscious subgroup (33.2 ± 6.5 versus 
37.6 ± 7. 1 %, NS). The slope of the linear regression was 
less in the anesthetized group with sinoatrial node destruc-
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Figure 6. Hemodynamics in barbiturate-anesthetized (A) and con•
scious (C) groups. Preocclusion values (clear bars) and average 
values for the 4 hours after occlusion (stippled bars) are shown 
for the left circumflex (LC) and left anterior descending (LAD) 
occlusion groups. * = p < 0.001, comparing pre- and postoc•
elusion values within anesthetized or conscious groups; : = p < 
0.001, comparing preocelusion values in anesthetized and con•
scious groups; + = P < 0.001, comparing postocclusion values 
in anesthetized and conscious groups. 

tion than in the previous anesthetized subgroup with anterior 
descending occlusion (0.63 versus 0.94, p < 0.005) but 
similar to that in the previous conscious subgroup with an•
terior descending occlusion (0.63 versus 0.79, NS; Fig. 8). 

Discussion 
There are two major findings in this study. First, infarct 

size measured relative to occluded bed size was larger in 
barbiturate-anesthetized than in conscious dogs with either 
left circumflex or left anterior descending coronary artery 
occlusion. This difference was reflected in greater infarct 
mass as percent of occluded bed, greater slope of linear 
regression between infarct mass and occluded bed mass 
(each as percent of left ventricle) and less un infarcted myo•
cardium at subepicardial and lateral regions of occluded beds 
in the anesthetized group. Mean arterial and left atrial pres•
sures were similar in the two groups but pre- and postoc•
clusion heart rate was 39 to 44% higher in the anesthetized 
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group. Flow data in 33 dogs with infarction revealed lower 
endocardial flow in the center of the occluded bed and lower 
pre- and postocclusion endocardial-epicardial flow ratios in 
anesthetized than in conscious dogs. Also, plasma cate•
cholamine data in 10 dogs revealed higher levels in anes•
thetized than in conscious dogs. Second, conscious dogs 
paced at the higher heart rate of the barbiturate-anesthetized 
group had an infarct size similar to that in the anesthetized 
group. Conversely, when heart rate in barbiturate-anesthe•
tized dogs was decreased to that of the conscious group by 
sinoatrial node destruction, infarct size was similar to that 
in the conscious group. 

Cardiovascular changes in barbiturate-anesthetized 
dogs. The extent to which general anesthesia and surgical 
trauma can alter cardiovascular responses to physiologic and 
pharmacologic stimuli has been reviewed (18). It is gen•
erally recognized that barbiturate anesthesia induces tachy•
cardia (18-22). The heart rate in anesthetized dog models 
(1,9,11) is consistently higher than in conscious dog models 
(2-8,10,11). Manders and Vatner (22) found that a single 
dose of intravenous barbiturate (30 mg/kg sodium pento•
barbital) given to nine trained dogs increased heart rate from 
80 to 160 beats/min at 2.5 minutes, which then decreased 
to 109 beats/min by 30 minutes. In those studies (22), bar•
biturate anesthesia had minor effects on cardiac output, ar•
terial pressure and total peripheral resistance, but produced 
important decreases in stroke volume and myocardial con•
tractility. The decrease in contractility was due to incom•
plete left ventricular emptying rather than to a decrease in 
end-diastolic size. The decrease in stroke volume was as•
sociated with a smaller left ventricular end-diastolic diam•
eter and a larger end-systolic diameter. Rushmer (20) and 
Van Citters et al. (21) also noted decreased end-diastolic 
size during anesthesia, suggesting that the effect of tachy•
cardia in decreasing end-diastolic size outweighs the myo•
cardial depressant effect, which would tend to increase it. 
Manders and Vatner (22) also found that 1) reductions in 
end-diastolic diameter and coronary resistance did not occur 
when heart rate was controlled; 2) barbiturate did not cause 
tachycardia after bilateral section of carotid and aortic nerves, 
suggesting that tachycardia associated with barbiturate anes•
thesia is not only vagolytic but is also mediated through the 
baroreceptor reflex; and 3) left ventricular end-diastolic 
pressure increased, suggesting altered diastolic compliance 
(23) or shape. 

Effect of tachycardia on myocardial perfusion in bar•
biturate-anesthetized dogs. In theory, tachycardia can de•
crease absolute flows by shortening diastolic perfusion time. 
The positive inotropic effect resulting from more frequent 
contractions is more prominent in the anesthetized than in 
the conscious dog (24). In experiments without coronary 
occlusion, Cobb et al. (25) found that barbiturate anesthesia, 
together with thoracotomy and pericardiectomy in 13 dogs, 
produced a sustained increase in heart rate (71 versus 156 
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Table 3. Regional Myocardial Blood Flow (mllmin per g) in 2 Day Infarcts 

Infarct center 
Pre-O 
Post-O 

30 min 
4h 

Infarct margin 
region 
Pre-O 
Post-O 

30 min 
4 h 

Border region 
Pre-O 
Post-O 

30 min 
4h 

Normal center 
region 
Pre-O 
Post-O 

30 min 
4h 

Left Circumflex Artery Anterior Descending Artery 

Conscious (n 9) Barbiturate (n = 8) Conscious (n 7) Barbiturate (n = 9) 

Endo Epi Endo Epi Endo Epi EndQ Epi 

0.90 ± O.OS*t 0.83 ± 0.04* 0.7S ± (1.02* 0.81 ± 0.02* 0.81 ± O'()S*-r 0.76 ± 0.04* 0.64 ± 0.04* 0.79 ± 0.04* 

0.08 ± 0.01t O. i 7 ± 0.02 0.04 ± 0.01 
0.09 ± 0.01'[ 0.19 ± O.Olt O.OS ± 0.01 

O.IS ± 0.01 
0.14 ± 0.01 

0.05 ± (LOP 0.14 ± 0.02 
0.06 ± 0.01 t 0.14 ± 0.03 

0.02 ± 0.01 
0.03 ± 0.01 

0.10 ± 0.04 
0.11 ± O.OS 

0.95 ± 0.05*t 0.87 ± 0.04* 0.79 ± 0.03* 0.S4 ± 0.03* 0.91 ± O.OS*t 0.83 ± 0.06* 0.77 ± 0.04* 0.81 ± 0.07* 

0.18 ± 0.02 
0.21 ± 0.02 

0.25 ± 0.02 
0.29 ± 0.03 

0.14 ± 0.01 
0.18 ± 0.02 

0.28 ± 0.02 
0.33 ± 0.02 

0.13 ± (Ul2 
0.15 ± o.m 

O.IS ± 0.03 
0.2S ± 0.04 

0.08 ± 0.02 
0.10 ± 0.03 

0.20 ± O.OS 
0.23 ± 0.06 

1.09 ± 0.05*t 0.98 ± 0.05t p.94 ± 0.02* 0.97 ± 0.03" 0.98 ± O.OS* 0.S9 ± 0.03* 0.81 ± 0.08* 0.85 ± 0.06* 

0.61 ± 0.04 
0.60 ± 0.05 

0.72 ± 0.05 0.58 ± 0.02 0.84 ± 0.02 
0.75 ± 0.05 0.S7 ± 0.02 0.90 ± 0.02 

II ± 0.04t 0.98 ± O.03t 1.12 ± 0.03 1.09 ± 0.03 

1.14 ± 0.05 
1.15 ± 0.06 

0.94 ± 0.05 1.06 ± 0.03 1.01 ± 0.03 
0.95 ± O.OS Q.98 ± 0.02 0.95 ± (Ul2 

n.56 ± 0.06 
0.64 ± 0.05 

1.11 ± 0.04 

1.12 ± 0.05 
1.08 ± 0.06 

0.76 ± O.OS 0.44 ± 0.05 0.72 ± 0.06 
0.81 ± 0.07 0.49 ± O.OS 0.67 ± 0.10 

0.94 ± 0.03 1.01 ± 0.06 0.96 ± 0.05 

0.99 ± 0.08 1.08 ± 0.05 
0.95 ± 0.10 1.06 ± 0.08 

1.02 ± 0.08 
1.03 ± 0.04 

*p < 0.001. significance of difference between pre- and postocclusion flows within each subgroup; tp < 0.05. significance of difference between 
endocardial or epicardial flows between conscious and barbiturate-anesthetized subgroups. Values are mean ± SEM. Endo = .endocardial; Epi = 

epicardial; 0 = occlusion. 

Table 4. Endocardial-Epicardial Blood Flow Ratios in 2 Day Infarcts 

Infarct center 
Pre-O 
Post-O 

30 min 
4h 

Infarct margin 
region 
Pre-O 
Post-O 

30 min 
4h 

Border region 
Pre-O 
Post-O 

30 min 
4 h 

Normal center 
region 
Pre-O 
Pm,t-O 

30 min 
4 h 

Left Circumflex Artery 

Conscious 
(n = 9) 

1.08 ± 0.04* 

0.47 ± 0.02* 
0.47 ± 0.02* 

1.09 ± 0.04* 

0.73 ± 0.02* 
0.72 ± 0.02* 

1.11 ± 0.05* 

0.86 ± 0.05* 
0.80 ± 0.04* 

1.14 ± 0.03* 

1.21 ± 0.05* 
1.21 ± 0.05* 

Barbiturate 
(n = S) 

0.92 ± 0.02 

0.26 ± 0.01 
0.36 ± 0.01 

0.94 ± n.03 

0.53 ± 0.01 
0.55 ± 0.02 

0.97 ± 0.02 

0.68 ± 0.02 
0.63 ± 0.02 

1.03 ± 0.03 

1.05 ± 0.03 
1.03 ± 0.02 

Left Anterior Descending Artery 

Conscious 
(n = 7) 

1.07 ± D.05* 

D.37 ± 0.02* 
0.43 ± 0.03* 

I.OS ± n.05* 

0.71 ± 0.03* 
0.63 ± 0.03* 

1.09 ± 0.04* 

0.74 ± 0.02* 
0.79 ± 0.03 

1.14 ± 0.03* 

1.12 ± 0.04 
1.14 ± 0.03* 

Barbiturate 
(n = 9) 

0.93 ± 0.02 

0.20 ± 0.02 
D.27 ± 0.02 

0.95 ± D.03 

0.42 ± 0.02 
0.45 ± 0.02 

0.94 ± 0.03 

0.61 ± 0.02 
0.73 ± 0.02 

1.05 ± 0.03 

1.06 ± 0.03 
1.05 ± 0.03 

*p < 0.05. significance of difference between ratios for each time interval in conscious and barbiturate•
anesthetized subgroups. Values are mean ± SEM. Abbreviations as in Tahle 2. 
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Table 5. Total Plasma Catecholamines (ng/liter) During Acute 
Infarction in Barbiturate-Anesthetized and Conscious Dogs 

Preocclusion Postocclusion* 

Group Venous Arterial Venous Arterial 

Conscious 837 ± 73 380 ± 49 690 ± 106 470 ± 76 
(n = 5) 

Anesthetized 1,258 ± 51 1,048 ± 128 1,342 ± 148 891 ± 158 
(n = 5) 

P value 0.005 0.005 0.01 0.05 

* Average level for 4 hours after left anterior descending coronary artery 
occlusion. Values are mean ± SEM. 

beats/min). This was associated with increases in epicardial 
(0.75 versus 1.08 ml/min per g) and endocardial (0.83 ver•
sus 1.11 mllmin per g) flow (7 to 10 JLm microspheres), 
but the increase was less in the endocardium than in the 
epicardium, an effect attributed to tachycardia (Z5). Using 
15 JLm microspheres in tranquilized dogs with atrial pacing, 
Neill et a1. (26) found that the endocardial-epicardial flow 
ratio in the left ventricular free wall and septum decreased 
from 1.39 to 1.27 and 1.17 as heart rate increased from 73 
to 151 and 193 beats/min, respectively. Bishop et a1. (27), 
using 15 JLm microspheres, found that endocardial-epicar•
dial flow ratios in barbiturate-anesthetized and thoracQtom•
ized dogs were less than in conscious dogs (1.04 v~rsus 
1.28). Thus, more frequent systolic compressions cause 
transmural maldistribution of flow (25), but the effect is 
greater in barbiturate-anesthetized, open chest dogs. 

Tachycardia also causes disproportionately greater dis•
tribution of flow away from the endocardium toward the 
epicardium in ischemic regions after coronary artery occlu-

Figure 7. Linear regressions for 2 day old circumflex artery in•
farcts in paced conscious (C) dogs; regressions for unpaced con•
scious and barbiturate-anesthetized (A) dogs are shown for com•
parison. Arrow indicates upward shift in slope (p < 0.001) of the 
linear regression for paced conscious compared with the unpaced 
conscious subgroup. Horizontal axis intercepts were similar (p > 
0.05). 
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Figure 8. Linear regressions for 2 day old anterior descending 
artery infarcts in paced conscious (C) dogs and barbiturate•
anesthetized (A) dogs with sinoatrial (SA) node destruction; regres•
sions for unpaced conscious and anesthetized dogs are shown for 
comparison. Arrow indicates upward shift in slope (p < 0.001) 
of the linear regression in paced conscious dogs compared with 
the unpaced conscious group. Only horizontal axis intercepts for 
the paced conscious versus "anesthetized, sinoatrial node destruc•
tiop" subgroups were different (p < 0.05). 

sion (22). Using both 7 to 10 JLm and 15 ± 5 JLm micro•
spperes in open chest, barbiturate- (and chloralose-) anes•
thetized dogs with left anterior descending artery ligation, 
Becker (28) found that incremental increases in heart rate 
by atrial pacing (118 versus 141 versus 165 beats/min) re•
sulted in a decrease in endocardial-epicardial flow ratio in 
nonischemic (1.08, 1.06 &nd 1.02, respectively) and isch•
emic (0.42, 0.38 and 0.30, respectively) regions. These 
changes in ischemic endocardial-epicardial ratios were as•
soci'!ted with marked increases in epicardial ST segment 
elevation. Becker (28) concluded that tachycardia accen•
tuates endocardial-epicardial maldistribution in ischemic re•
gions and might account for the harmful effect on infarction. 
This conclusion is supported by the findings of Shell and 
Sobel (29), who showed that increasing heart rate after left 
anterior descending occlusion in conscious dogs increased 
creatine kinase infarct size. They concluded that the greater 
infarct size was related to increased heart rate, which in•
creases myocardial oxygen demand and consumption (30). 
However, Shell and Sobel did not measure flow. 

Although transmural gradients of flow have been docu•
mented in conscious and barbiturate-anesthetized dog models 
similar to those used in this study (22), comparisons between 
the two models using similar occlusions were not maqe. 
Recently, Becker et al. (l) showed that infarcts in barbi•
turate-anesthetized dogs were not only larger after anterior 
descending than after circumflex artery occlusion, but post•
occlusion flows were 50% lower after anterior descending 
occlusion. The endocardial-epicardial flow ratios at about 
20 minutes, calculated from results of Becker et a1. (1), 
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were similar for anterior descending and circumflex occlu•
sions (0,35 versus 0,37) in the center ischemic region, In 
this study, corresponding values for the ratios at 30 minutes 
with the two types of occlusion were also similar for anes•
thetized (0,20 versus 0,26) and conscious (0,37 versus 0,47) 
dogs, However, flow ratios were less in anesthetized than 
in conscious dogs after either type of occlusion, Thus, tachy•
cardia in barbiturate-anesthetized dogs affected the trans•
mural distribution of flow after either type of occlusion, 
Another possible explanation for regional differences in flow 
in the barbiturate-anesthetized group is a greater degree of 
vasoconstrictor tone, Thus, Templeton et aL (23) demon•
strated withdrawal of coronary vasoconstrictor tone me•
diated by the alpha-adrenergic system in conscious but not 
anesthetized dogs, In this study, differences in ischemic 
flows between the two groups were smalL The suspicion 
that the stress of thoracotomy in the anesthetized group 
might be associated with increased catecholamine levels was 
confirmed, However, the elevation was primarily due to 
increased epinephrine levels, whereas norepinephrine and 
dopamine levels were similar in the two groups, Although 
epinephrine tends to increase coronary flow, this effect was 
probably outweighed by the tachycardia, 

Infarct size in the barbiturate-anesthetized dog 
model. In this study, the greater infarct size in anesthetized 
compared with conscious groups was reflected in the greater 
slope of the linear regressions for subgroups with circumflex 
or anterior descending infarcts, In contrast, the larger an•
terior descending infarcts in both groups were reflected in 
smaller intercepts on the occluded bed axis of the linear 
regtessions, as reported by Becker et aL (1), Infarct topog•
raphy was also different in the two groups, For both cir•
cumflex and anterior descending infarcts, the endocardial 
extent of the infarcts was greater and the epicardial rim of 
uninfarcted myocardium less in the anesthetized group, 
However, the increase in infarct area with batbiturate, com•
pared with that in the conscious group, was greater in the 
epicardial than in the endocardial half of the occluded bed, 
suggesting that the diversion of flow toward the epicardium 
was sufficient to affect endocardial extension of infarction 
but insufficient to prevent epicardial extension in the anes•
thetized group, This was probably due to the overwhelming 
effect of increased oxygen consumption associated with 
tachycardia, as suggested by the pacing experiments, 

Limitations. Despite differences in infarct size as per•
cent of occluded bed, slopes of linear regressions for infarct 
versus occluded bed size and infarct topography between 
barbiturate-anesthetized and conscious dogs in this study, 
infarct size as percent of left ventricle was not statistically 
different (p < 0, I), Although this finding supports the notion 
that analysis of infarct size relative to occluded bed size is 
a more sensitive approach, it also suggests that the effect 
might be small and therefore easily masked unless infarcts 
relative to occluded beds are measured, This might explain 
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why the difference in infarct size has been overlooked de•
spite evidence of physiologic differences between the two 
models. 

Conclusions. The barbiturate-anesthetized dog model 
was associated with tachycardia, a larger infarct relative to 
the anatomic occluded bed size and altered infarct topog•
raphy with less epicardial and lateral sparing compared with 
the conscious dog, These differences were noted in infarcts 
after both circumflex and anterior descending coronary ar•
tery occlusion, The greater infarct size in the barbiturate•
anesthetized model appeared to be related mainly to the 
tachycardia. probably mediated by increased myocardial ox•
ygen consumption, although transmural maldistribution of 
flow associated with tachycardia and higher levels of cir•
culating catecholamines might have contributed, 

I am grateful for the assistance of Gordon Blinston, PhD and Robert Cahn, 
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and Bev Berekoff with typing of the manuscript. 
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