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COMPUTED TOMOGRAPHY OF THE NORMAL
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After intravenous administration of contrast agent, in vitro cardiac scanning

showed a significant difference between the attenuation coefficients of the intna-

cavitary blood pool and the myocandial wall, permitting clean delineation of the
ventricular cavity. A substantial alteration in hematocnit permitted similar visual-

ization of the intracavitary blood pool-myocardial wall interface. The attenuation

coefficient of infarcted myocardium differed sufficiently from that of normal myo-

cardium to render computed tomographic distinction feasible. In three hour old in-
farctions, the differences between normal and ischemic or infarcted tissue were

enhanced by prior administration of contrast agent. These differences in attenuation

coefficient indicate that a properly gated CT scanner could be utilized as a noninva-

sive approach to evaluating suspected or known myocardial infarction and other
aspects of cardiac structure and function both in man and in experimental animals.

T HE development and clinical introduc-
tion of computed tomography (CT)”2

have provided a unique opportunity for the

study of natural and pathologic processes
in various organs during life. Since its

initial application to the brain,” the tech-

nology has advanced to a point where whole

body CT scanning is now feasible.4’5 The
potential of the method for detecting and

delineating intra-abdominal and intratho-

racic abnormalities is now under investiga-

tion.4�8 Little emphasis has been placed on
CT scanning of the heart, perhaps because

of the rapidity of cardiac motion and the

clear evidence that motion blurring de-

grades computed tomographic images. Nev-

ertheless the possibility of delineating the
blood-myocardial wall interface and the

presence of infarcted muscle seemed worthy
of investigation in postmortem hearts. Our

preliminary experience with in vitro scan-

ning supported the feasibility of this ap-

proach.’7

MATERIAL AND METHOD

Four normal mongrel dogs weighing 14-3 5 kg

were sacrificed immediately after intravenous
administration of �,ooo units ofaqueous heparin.

A fifth dog was made acutely anemic by with-
drawal of approximately 300 cm’ of blood and

administration of 6oo cm’ of dextran. After

equilibration for 30 mm, the hematocrit

dropped from �9 to 26. He was then sacrificed.

An additional animal received I cm’/kg of

meglumine diatrizoate and sodium diatrizoate
37% iodine (Renografin-76, Squibb, Princeton,

N.J.) five minutes prior to death.

Myocardial infarctions were created in four
anesthetized dogs by embolization of a radio-
paque polyethylene plug into the left anterior
descending coronary artery under fluoroscopic
control.9 Two days later, the animals were
sacrificed immediately following the intra-
venous administration of �,ooo units of aqueous
heparin. Two other animals had their hearts
exposed and occlusive sutures placed around
the proximal left anterior descending coronary
artery. Three hours after occlusion, i mi/kg of

Renografin-76 and 5,ooo units of aqueous

heparin were administered intravenously. After
two minutes the animals were sacrificed.

The hearts of all twelve dogs were excised
after ligation of the vena cavae, hilar pulmonary
arteries and veins, and aorta. Specimens were
shaken and placed in a horizontally oriented
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FIG. I. Section at ventricular level of normal heart
with no contrast agent given showing uniform ab-

sorption. EMI values of myocardium and blood
were 26.0± 0.6 and 26.2± 1.0 EMI units, respec-
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divided plastic container. The posterior aspect
of the heart was lying on the plastic divider.

The heart was in the horizontal plane, while
the x-ray beam rotated in a vertical plane, per-
pendicular to the long axis ofthe specimen. The
base of the heart was in the deeper portion of
the container and the apex toward the cover.
Two silk sutures attached the heart to the edge
of the plastic divider to prevent change in its

orientation. The container was then filled with
0.9% NaCl and fitted snugly into the head cap

of the EMI CT head scanner (EMI Medical,

Inc., Northbrook, Ill.) The hearts were scanned
within one hour of sacrifice at 120 or 140 kVp.
Slice thicknesses were 8 mm or I3 mm.

RESULTS

Blood-Myocardial Wall Interface

Scans of representative areas of the myo-

cardial wall in normal hearts had uniform

EMI values of 26.0 ± o.6 EMI units (mean

± SEM), where i EMI unit corresponds to
approximately a 0.2% difference in x-ray

attenuation coefficient compared to water.’#{176}

In these animals the intracavitary blood
pool values were 26.2 ± 1.0 EMI units.

There was no consistent delineation of the
blood-myocardial wall interface (Fig. i).

When the hearts were allowed to stand for

a protracted interval, the red blood cells

settled to the dependent portion of the ven-
tricular cavity, which became denser than

tively.

Fic. 2. (A) CT scan of normal heart near left yen-
tricular apex of an acutely anemic dog. Note
blood-mvocardial wall interface (large closed ar-
rows) and details of papillary muscles (small

closed arrows). Only a small portion of right yen-

tricle is visible at this level (open arrows). (B) C’I’

scan through right ventricle and atrial structures.

Note thin right ventricular wall (arrows).

the myocardial wall. The plasma in the up-

per portion of the cavity was less dense
than the myocardium, having an EMI

valueofl2.7±o.3 EMI units.
The acutely anemic dog showed the

blood-myocardial wall interface clearly
(Fig. 2). The wall had an attenuation co-

efficient of 27.1 ± 1.0 EMI units, while the
attenuation coefficient of the intracavitary
blood pooi was 21.4±1.0 EMI units.

Administration of contrast agent prior to

sacrifice resulted in an intracavitary blood

pool attenuation coefficient of 43± i EMI
units, compared to a myocardial attenua-

tion coefficient of 33± I EMI units, with



of one crn3/kg of Renografin-76 five minutes prior to sacrifice of the animal. Myocardial wall values =33± I

EMI units; ventricular cavity blood pool values = 43± EMJ units. (B) Slice of myocardial tissue taken

at same level. Note trabecular and papillary muscle details (arrows) on both scan and specimen.
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I. 4. CT scan two days postinfarction showing rim
of tissue extending into region of interventricular

septum (arrows) with attenuation coefficients 5.1

EMI units less than in surrounding normal myo-

cardium. Distribution of infarcted tissue was con-

firmed on sectioned specimen.
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clear delineation of the blood-myocardial

wall interface (Fig. 3). This difference often
EMI units corresponds to about a 2% dif-

ference in attenuation coefficients between
the intracavitary blood pool and myocardial

wall. Despite the measurable difference in

attenuation coefficient, high quality, low

kilovoltage standard roentgenograms taken

immediately after scanning failed to demon-

strate any detectable difference in roent-

genographic density between the myo-

cardial wall and the intracavitary blood.

Myocardial Infarction

The four animals with two day old poly-

ethylene plug-induced myocardial infarc-

tions showed three different scan patterns.
In two animals the site of histologically

confirmed infarction displayed attenuation
coefficients I % lower than in the surround-

ing normal myocardium (i.e., infarction
= 21.7 ± 1.2 EMI units; normal myocar-

dium =26.8±1.0 EMI units) (Fig. 4). In a

third animal the attenuation coefficient of

the infarcted tissue was �% greater than

that of the surrounding normal myocardium
(infarction = 30.8 ± ‘.7 EMI units; normal
myocardium = 25.7 ± 1.4 EMI units) (Fig.
5). By using multiple overlapping scans of

known thickness, the localization and ex-

tent of infarction could be assessed in these

animals. The fourth animal, whose his-

tologic sections showed only a small sub-

endocardial infarction, had no change (to
within ± 0.2%) in attenuation coefficient

in the affected area.

The infarctions with a reduced attenua-

tion coefficient were grossly edematous.
The infarction with an increased attenua-

tion coefficient was in the retraction stage



FIG. 6. CT scan three hours after left anterior de-
scending coronary artery occlusion and two min-
utes after one mi/kg of Renografin-76 was given

intravenously. Note area of decreased EMI value

(delimited by arrows) in anterior and septal myo-

cardial walls with decreased perfusion due to left
anterior descending coronary artery occlusion.

Cavity-myocardial wall interface is also well seen.

i scan with heart in right anterior oblique
orientation two days postinfarction showing
thinned rim of tissue with attenuation coefficients
5.1 EMI units higher than in normal myocardium

along anterior left ventricular wall (arrows). Re-
gion of infarction was confirmed on sectioned

specimen.
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of infarction, with gross thinning of the wall

readily apparent both on inspection of the

specimen and on the CT scan.
Each of the two animals with infarctions

induced by ligation of the left anterior de-

scending coronary artery (LAD) and subse-
quent administration of contrast material

showed a large area distal to the LAD oc-

clusion of decreased attenuation coefficient

relative to the normal contrast-containing
muscle in the same heart (Fig. 6). The in-

farction EMI value was 30.1 ±2.8 EMI

units, while the normal muscle EMI value

was 41 .0 ± I .2 EMI units. The intracavi-

tary blood value was 6�.o± 1.0 EMI units.

These differences account for the clarity of

the blood-myocardial wall interface (Fig. 6).

DISCUSSION

Current methods of delineating the car-

diac chambers generally employ intra-
cardiac catheterization and the rapid de-

livery of an iodinated contrast agent re-

corded serially on cine or large film. Non-

invasive methods, such as radionuclide

imaging and echocardiognaphy, have sig-

nificant limitations of resolution and extent

of visualization.

Since CT scanning can record and dis-

play absorption coefficients with a preci-

sion of o.�%, small differences in tissue

density can be detected.” If such differ-

ences between the intracavitary blood pool
and myocardial wall were normally present,

the cardiac chambers could readily be

visualized. Our initial experiments with

normal dog hearts demonstrated no such

difference in density (Fig. �).
Visualization of the blood-myocardial

wall interface with settling of the red cells,

as noted above, was anticipated because of

the known variations in attenuation co-

efficient of blood with different hematocrit
levels.6 This finding led us to investigate
the acutely anemic dog. The presence of a

clear interface (Fig. 2) suggests that anemia
or polycythemia in man may provide a

sufficient blood-myocardial wall density

difference to permit the visualization of the

cardiac chambers.
The introduction of an intravenous con-

trast agent effected prolonged and clear de-
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lineation of the blood-myocandial wall in-

terface (Fig. 3). This was true not only in

normal dogs but also in those with acute

left anterior descending coronary artery oc-

clusion in which the contrast material was

given primarily to define the region of

myocardium with reduced perfusion (Fig.6).

Thus computed cardiac tomography may

represent a useful low-risk method of evalu-

ating myocardial wall structure and func-

tion in man.

The accurate detection and sizing of
acute myocardial infarction would not only

permit early confirmation in questionable

cases but also aid in evaluating intenven-

tions (pharmacologic or mechanical) de-

signed to limit the volume ofinfarcted myo-

cardium. Present radionuclide �

are limited both by resolution capacity and

heterogeneous isotopic uptake. Because

myocardial tissue undergoes profound changes

in ionic composition and water content with

infarction,’4 the application of CT scanning

to detect changes in tissue density seemed

appropni ate. The demonstrated differ-

ences in attenuation coefficients between

normal and infarcted myocardium were

probably related to the known shifts in in-

tracellulan ions and size of the intercellular

fluid compartment in infarcted hearts (Fig.

4; and 5). In a fundamental sense, CT scan-

ning of infarcted myocardium represents a

novel approach to the study of tissue death

in vivo.
The spectrum of attenuation coefficient

changes (including lower values with ede-

matous areas of infarction, higher values

within retracted infarctions, and no detect-

able change when only a small subendo-

candial infarction is present) may provide a

clinically useful approach to detecting and

sizing transmural infarctions. The level and

direction of change in attenuation coeffi-
cient is probably related to the stages of in-
farction depicted on pathologic examina-
tion. This may prove helpful in dating

acute infarctions.

The administration of contrast material

prior to scanning increases the density dif-

ference between normal and infarcted myo-

cardium and also permits visualization of

the blood-myocardium interface (Fig. 6).

The use of a contrast agent may simul-

taneously increase the sensitivity and util-

ity of scanning in acute infarction and

permit evaluation of alterations in wall

motion. In addition to the obvious clinical

applications of this approach, it affords a

new and potentially valuable noninvasive

method for the sequential in vivo study of

experimental models of ischemia and in-

fanction.

Requirementsfor In Vivo Application

For clinical applications, a CT scanner

capable of measuring and displaying differ-

ences of about i% in attenuation coeffi-

cients of heart muscle and intnacavitary

blood in vivo is required. A spatial resolu-

tion comparable to that of the EMI scanner

is desirable, in which the full width at half

maximum of the line spread function is i .�
mm.’5 To achieve these characteristics for

cardiac scanning, precise gating to the dy-

namic events of the cardiac cycle and ac-

quisition ofa series ofimages corresponding

to different phases of the cycle may be

required.

Data from this preliminary study sug-

gest that an ideal scanner for in vivo study

would have the following immediate ap-

plications: (i) detection, sizing, and dating

ofacute myocardial infarctions; (2) evalua-

tion of the effectiveness of mechanical and

pharmacologic interventions designed to

limit infarction size;’6 (.�) evaluation of re-

gional ventricular wall motion and thick-

ness in acute and chronic myocardial isch-

emia; (4) assessment of ventricular func-

tion through measurement of ventricular

volumes, ejection fractions, and other phys-

iologic parameters; and (�) the in vivo study

of experimental tissue ischemia and ne-

crosis and their characteristic alterations in

attenuation coefficient.
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