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CLINICAL ASSESSMENT OF LEFT
VENTRICULAR REGIONAL CONTRACTION
PATTERNS AND EJECTION FRACTION BY
HIGH-RESOLUTION GATED SCINTIGRAPHY

Daniel S. Berman, Antone F. Salel, Gerald L. DeNardo, Hugo G. Bogren, and Dean T. Mason

University of California School of Medicine at Davis, Davis,
and Sacramento Medical Center, Sacramento, California

An improved, noninvasive, radionuclidic,
gated blood-pool imaging technique has been de-
veloped for clinical analysis of regional con-
traction abnormalities of the left ventricle and
determination of ejection fraction. The principal
innovations include high-resolution collimation,
higher information density, improved method
for dynamic aortic—-mitral-diaphragmatic bor-
der delineation, accurate selection of the end-
systolic gating interval through the use of the
phonocardiogram, and accurate end-diastole by
on-line gating immediately following the elec-
trocardiographic QRS. The results of scinti-
graphic studies were compared with selective
radiopaque cineangiographic findings in 27 pa-
tients with cardiac disease; excellent correla-
tions of ejection fractions (r — 0.93) and ab-
normal contraction patterns (17/17 patients)
were demonstrated. In addition, the clinical use-
fulness in evaluating ventricular performance
was demonstrated in 79 patients with acute and
chronic coronary artery disease. This radionu-
clidic technique allowed assessment of reversi-
bility of segmental dyssynergy by the response
to nitroglycerin in 20 patients. These findings
demonstrate the validity of this improved radio-
nuclidic technique in the atraumatic quantifi-
cation of ventricular function and suggest its
usefulness in a variety of clinical conditions.

Left ventricular ejection fraction and regional
myocardial contraction patterns are important pa-
rameters of cardiac pump performance which, until
recently, have required invasive procedures for
measurement. The Anger scintillation camera has
been used in the development of the atraumatic
technique of radioisotopic angiography (7,2). In
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1971, Strauss, et al (3,4) used gated cardiac blood-
pool imaging to assess ejection fraction and seg-
mental contraction. Despite the value of their tech-
nique, difficulties with precise delineation of the left
ventricular silhouette were evident. Ejection fraction
can also be measured by employing scintillations
obtained from an area of interest encompassing the
left ventricular chamber (5-9) but this area-counts
method fails to provide information regarding pat-
terns of regional contraction. Since the earliest ab-
normality of cardiac pump function in coronary
atherosclerosis is disturbance of the orderly sequence
of systolic motion (ventricular dyssynergy) (10,11),
the gated blood-pool technique offers greater sensi-
tivity than the area-counts method in the identifica-
tion of ischemic heart disease.

The present study describes improvements in the
radionuclidic gated blood-pool imaging technique
that enhance delineation of cardiac margins by using
a high-resolution collimator, greater information
density, and phonocardiographic definition of gated
intervals of the cardiac cycle. The validity of this
improved imaging technique is established by cor-
relation with selective left ventricular cineangiogra-
phy performed on 27 patients with a variety of
cardiac disorders. Further, the practicality and use-
fulness of this noninvasive scintigraphic method in
directing clinical decisions is illustrated by selected
examples from our experience with 79 patients.

MATERIALS AND METHODS

Patients. Correlative scintigraphic and cineangio-
graphic studies were performed on 27 adults: 22 with
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FIG. 1. Recording in patient with coronary disease showing
simultaneous phonocardiographic (middle) and electrocardiographic
(top) tracings utilized to determine end-systolic gating interval
(camera on) (A) and end-diastolic gating interval (camera on) (B).
S; is first heart

d; Ss is d heart d

coronary heart disease, 4 with rheumatic mitral re-
gurgitation, and 1 with idiopathic hypertrophic sub-
aortic stenosis. The radionuclidic and radiopaque
studies were randomly sequenced and performed
within 18-24 hr of each other.

In addition, cardiac scintigraphy was utilized to
evaluate ventricular performance in an additional
40 patients with acute and chronic coronary artery
disease as part of their clinical management.

Radionuclidic methods. The radionuclidic imag-
ing technique formulated in this investigation com-
prised several modifications of the gated blood-pool
method initially described by Strauss, et al (3,4). The
principal innovations characterizing our new method
consisted of : (A) use of a 16,000-hole high-resolution
low-energy collimator; (B) higher information density;
(c) improved delineation of the diaphragmatic border
of the left ventricle by discrimination of this chamber
from the right ventricle; (D) determination of mitral
and aortic valve annular motion; (E) accurate se-
lection of the end-systolic gating interval through
the use of the phonocardiogram; (F) accurate end-
diastolic gating governed on-line by the ventricular
depolarization activating the subsequent contraction;
and (G) employment of a videotape data store play-
back system for development of selected temporal
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segments of the first pass of the radioactive bolus
through the right and left heart chambers.

Preparation. The patient was placed supine in the
30-deg right anterior oblique (RAO) position be-
neath the scintillation camera detector (Searle Radio-
graphics Pho/Gamma HP) equipped with a 16,000-
hole high-resolution low-energy collimator. The
heart was positioned in the detector’s field of view
by transmission scanning while the location of the
cardiac image was observed on the persistence oscil-
loscope. The phonocardiogram was obtained at the
second left parasternal intercostal space. The end-
systolic gating interval was determined before scin-
tillation imaging and consisted of the 60-msec inter-
val immediately preceding the first high-frequency
component of the second heart sound signifying
aortic valve closure and termination of left ven-
tricular ejection. The gate control of the gating device
was programmed to unblank the oscilloscope for a
60-msec interval. The delay control of the R wave-
triggered gating apparatus was advanced until the
60-msec gated interval occurred immediately before
the subsequent aortic closure sound (Fig. 1A). End-
diastole was chosen as the 60-msec interval im-
mediately after the electrocardiographic R wave and
was obtained by setting the delay control at zero.
Thus, the 60-msec end-diastolic interval always oc-
curred immediately after the QRS and was independ-
ent of the R-R interval (Fig. 1B).

Procedure. Fifteen to twenty millicuries of #*™Tc-
human serum albumin (/2) or **"Tc-autologous red
blood cells (13) contained in a volume of less than
1.5 cc was injected as a bolus through a short plastic
catheter previously placed in an antecubital vein. The
scintigraphic data occurring during the initial 1 min
after injection were collected ungated on videotape
for subsequent validation of the location of the
aortic and mitral annuli. After the first minute, the
gating device with the preset delay for end-systole
was activated. A 500,000-count image of end-systole
was obtained on Polaroid film from the summation of
counts during 500-1,000 systoles that usually re-
quired 10 min (Fig. 1A). The delay control of the
gating apparatus was then switched to zero and a
500,000-count image of end-diastole was obtained
(Fig. 1B) in an additional 10 min. Linear calibration
was accomplished by placing a ruler with parallel
strips of lead 1-cm wide and spaced 1-cm apart on
the collimator face and obtaining a 500,000-count
image by placing a sheet source containing **®TcO,
behind the lead grid.

The scintigraphic data obtained in the first minute
were utilized to expose serial 1-sec Polaroid images
of the movement of the radioactive bolus through
the heart during the initial circulation. These 1-sec
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images were obtained for the precise timing of the
right and left heart phases. Images of these phases
of the initial transit of the radioactive bolus were
obtained by single replay of the videotape for the
selected time intervals. Each of the right and left
heart images contained about 100,000 counts.

Interpretation. The borders of the left ventricle
were outlined on the end-systolic and end-diastolic
films with a paraffin pencil. In 18 of the 27 patients
all margins of the left ventricle, including the aortic
and mitral valve planes, were determined by inspec-
tion of the end-systolic and end-diastolic gated im-
ages. In these 18 patients the information from the
images obtained from the initial passage of the bolus
through the heart was used to verify further the
accuracy of placement of the mitral and aortic bor-
ders. In the other nine patients it was necessary to
use the initial transit image of the left ventricle to
determine the aortic and mitral valve planes.

Transparent photographs (35 mm) of the out-
lined end-systolic and end-diastolic images and of
the lead ruler image were made. The images of the
cardiac chambers were projected to life size by using
the lead ruler for calibration. Through the use of a
central artifact produced by the gating device, the
images of systole and diastole could be superimposed
accurately. The outlines of the left ventricle in systole
and diastole were traced onto paper placed over the
projection screen. The superimposed images of sys-
tole and diastole were inspected for evidence of re-
gional abnormalities of the contraction pattern (14).
The areas (A) of the traced chamber images were
measured by planimetry. The long axis (L) of the
inner surface of the left ventricle was measured from
the mid-aortic valve plane to the apex. End-systolic
and end-diastolic left ventricular volumes were calcu-
lated utilizing the area-length formula V — 0.849A2/L
based on the standard equation of Sandler, et al (15)
which assumes that the left ventricle is a prolate
spheroid. The scintigraphic ejection fraction was
then calculated by dividing the stroke volume (end-
diastolic volume less end-systolic volume) by the
end-diastolic volume.

Reproducibility. The reproducibility of the im-
proved scintigraphic method was assessed by study-
ing two patients with chronic ischemic heart disease
on two occasions separated by a 48-hr interval to al-
low for radionuclidic decay. One patient had normal
sinus rhythm, and the other was purposely selected
as a severe test of the method because of the presence
of marked congestive heart failure and atrial fibril-
lation. Since the systolic time interval varies from
beat to beat in atrial fibrillation, accurate end-
systolic timing is difficult.

Left anterior oblique view. In selected patients,
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gated left ventricular imaging was performed in the
modified left anterior oblique (MLAO) position
(16). The MLAO images in end-systole and end-
diastole were obtained immediately after the RAO
gated images were recorded. The MLAO images were
used particularly to evaluate interventricular septal
and posterior wall motion.

Pharmacologic intervention. In 20 patients with
coronary artery disease the reversibility of segmental
dyssynergy was determined from RAQO end-systolic
and end-diastolic gated images obtained immediately
preceding and following the administration of nitro-
glycerin, 0.4-0.6 mg sublingually. The phonocardio-
graphically determined end-systolic gating interval
was adjusted for the drug-induced increase in heart
rate.

Radiopaque methods. Selective left ventricular
cineangiography was performed in the 30-deg right
and 60-deg left anterior oblique projections on 35-
mm film taken at 64 frames/sec using a Philips 9-in.
image amplifier system. The ventricle was opacified
with 50-75 cc of Hypaque-M®, 75% containing so-
dium and meglumine diatrizoates injected at 300-—
400 1b/in.2 through a catheter. Tracings of the
left ventricular end-diastolic and end-systolic endo-
cardial silhouettes were obtained in the RAO posi-
tion from which determinations of ventricular vol-
umes and segmental contraction were performed
(14). The first complete cardiac cycle in which the
left ventricular cavity was completely opacified by
contrast material, and which was at least two beats
following any premature ventricular contractions,
was utilized for the end-systolic and end-diastolic
images. End-systolic volume, end-diastolic volume,
and ejection fraction were determined with the same
formulas used in the radionuclidic method (15).

RESULTS

Ejection fraction and regional contraction pat-
terns; comparison of high-resolution scintigraphy
with contrast cineangiography. In the 27 patients
constituting the principal comparative group (Table
1) the mean absolute difference was 8% . The mean
ratio of the radioisotopic and radiopaque determina-
tions was 0.98 indicating lack of bias. The results
are displayed graphically in Fig. 2. The correlation
coefficient was 0.93 (p < 0.001). In 14 of the 22
patients with coronary heart disease, left ventricular
gated scintigraphy and cineangiography demon-
strated regional abnormalities of wall motion in indi-
vidual patients that were similar in location, nature,
and extent by both techniques. These 14 patients
included 1 with diaphragmatic hypokinesis; 8 with
predominant apical hypokinesis, akinesis, or dys-
kinesis; 3 with predominant anterior free wall hypo-
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TABLE 1. COMPARISON OF RADIOISOTOPIC
AND RADIOPAQUE LEFT VENTRICULAR
EJECTION FRACTIONS

Ejection fraction
Radio- Difference
Patient  Diag isotop Radiopaq (%)
wL CAD 0.84 0.80 +5
VN MR 0.83 0.90 —8
DB CAD 071 0.68 +4
EQ CAD 0.74 071 +4
SL CAD 0.56 0.76 —26
WH CAD 0.61 0.55 +n
HK CAD 0.57 0.57 0
GD CAD 0.65 0.68 —4
LA CAD 0.74 0.79 0
JA CAD 0.79 0.77 +3
EK CAD 0.55 0.52 +6
RP CAD 0.67 0.66 +2
PD MR 0.57 0.56 +2
PL CAD 0.82 0.80 +3
EH CAD 0.85 073 +16
R CAD o 0.65 +9
TH CAD 0.60 0.60 0
wcC MR 0.39 0.41 —5
cG CAD 071 0.74 —4
RD IHSS 0.85 0.84 “+1
WF CAD 0.21 0.36 —42
RP CAD 0.37 0.50 —26
W CAD 0.76 0.85 —-n
EP CAD 0.47 0.49 —4
RD CAD 0.56 0.58 -3
Lv CAD 0.17 0.16 +6
v8 MR 0.42 0.41 +2
Abbreviations: CAD is coronary artery disease, MR is
mitral regurgitation, and IHSS is idiopathic hypertrophic
subaortic stenosis.

kinesis or akinesis; and 2 with combinations of these
abnormalities. The remaining eight patients with
coronary disease exhibited normal contraction pat-
terns by both scintigraphy and cineangiography;
none of these patients had electrocardiographic evi-
dence of previous myocardial infarction. Of the
other five patients with cardiac disorders, three with
rheumatic disease demonstrated generalized hypo-
kinesis by both studies. One additional patient with
rheumatic disease and the one patient with idiopathic
hypertrophic subaortic stenosis had normal contrac-
tion patterns on the radionuclidic and radiopaque
examinations. Seven of the 14 patients with coronary
artery disease and regional dyssynergy had normal
ejection fractions (>0.60).

Reproducibility of high-resolution scintigraphy. In
the patient with normal sinus rhythm who underwent
repeat radionuclidic gated imaging, the ejection
fractions were 0.55 and 0.52, and anterior apical
hypokinesis was detected on the two examinations.
In the patient with atrial fibrillation, the sequential
ejection fractions were 0.39 and 0.42 and apical
akinesis was demonstrated on both occasions. In
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this patient who also underwent cineangiography,
the ejection fraction was 0.42 by contrast dye anal-
ysis.

Timing of end-systole and end-diastole. Accurate
delineation of end-systole and end-diastole during
scintigraphy was achieved in all 27 patients. Phono-
cardiography enabled precise end-systolic gating in
each individual despite the presence in five patients
of flat T waves in all of the 12 standard electro-
cardiographic leads (Fig. 1A). Concerning end-
diastole, accurate gating was achieved in all patients,
irrespective of cardiac rhythm, by triggering the gat-
ing device with the R wave and imaging immediately
(zero delay) (Fig. 1B).

Delineation of left ventricular borders. Use of the
high-resolution collimator and exposures consisting
of 500,000 recorded events improved, image resolu-
tion and thereby enhanced certainty of the location
of the borders of the left ventricle. The improved
border definition was particularly helpful in defining
the aortic, mitral, and diaphragmatic margins of the
left ventricle that have been difficult to discern with
previous radioisotopic techniques. In 18 of the 27
patients, therefore, the medial left ventricular margin
was defined by inspection of the gated images that
revealed a line of decreased activity representing the
atrioventricular groove, and the region of the aortic
annulus (Fig. 3). Using the atrioventricular groove
to draw the medial left ventricular margin in systole
and diastole, it was possible to include movement of
this portion of the left ventricle in the end-systolic
and end-diastolic images in the calculation of ejection
fraction. Movement of this margin noted in the radio-
nuclidic study was confirmed by similar motion of
these structures on the radiopaque angiogram (Fig.
3). In the 18 patients in whom the atrioventricular
groove was visualized, the summation images of the
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FIG. 2. Comparison of left ventricular ejection fraction meas-
ur ts obtained by radioisotopic and radiopaq thods in
27 patients. Closed circles are normal contraction pattern; open cir-
cles are abnormal contraction pattern. Center line is line of identity
and outer lines represent 15% distribution limits.
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FIG. 3. Scintigraphic images (A and B) in right anterior oblique
view (RAO) in Patient RD with idiopathic hypertrophic subaortic
stenosis demonstrating improved method for delineating left ven-
tricular margins (thick lines of diagrams C and D) aofforded by
high lution techniq Comparative left ventricular cineangio-
grams in same patient are shown (E and F). Left column (A, C,
and E) is ot end-diastole and middle column (B, D, and F) is at
end-systole. Diagrams in right column display superimposed end-

left ventricular phase from the initial ungated portion
of the scintigraphic study served as an internal check
on placement of this margin. In the other 9 of the 27
patients this region could not be precisely identified
by inspection of the gated images alone. In these
patients the summation images of the left and right
heart phases derived from the initial transit of the
radioactive bolus through the heart were used to
outline the mitral and aortic planes which were then
considered stationary during the cardiac cycle.

The diaphragmatic border of the left ventricle was
also more clearly defined in our technique. In most
patients, the right ventricle extended beneath the left
ventricle in the RAO position. Because of the high-
resolution collimator and high information density,
it was usually possible to observe a line of decreased
activity separating the diaphragmatic border of the
left ventricle from the right ventricle. This line was
used for drawing the left ventricular outline in sys-
tole and diastole (Fig. 3).

Clinical illustrations. Since the establishment of
the validity of this radionuclidic method, the proce-
dure has been applied in a variety of clinical settings

Volume 16, Number 10

diastolic (solid lines) and end-systolic (broken lines) outlines of
left ventricle obtained from radioisotopic (top) and radiopaque
(bottom) images. EF is ejection fraction, SYC is superior vena cava,
RA is right atrium, RV is right ventricle, PA is pulmonary artery,
LV is left ventricle, Ao is ascending aorta, and AVG is atrioven-
tricular groove. Systolic obliteration of apical portion of left ven-
tricular cavity is evident.

for the noninvasive assessment of ventricular pump
function. The following examples illustrate the clini-
cal usefulness of this technique.

The value of the method in evaluating the viability
of abnormally contracting ventricular segments in
ischemic heart disease is shown by the scintigraphic
images obtained before and after the sublingual
administration of nitroglycerin in Patient TH who
had preinfarction angina pectoris (Fig. 4). On the
radionuclidic (Fig. 4C and D) and contrast (Fig.
4A and B) images obtained before the administra-
tion of nitroglycerin, hypokinesis of the left ven-
tricular apex was evident; coronary angiography
demonstrated 90% stenosis of the left anterior de-
scending coronary artery. Following nitroglycerin
administration, the extent of apical inward motion
during ejection became normal, and the ejection
fraction increased (Fig. 4E and F), thereby indi-
cating the area of dyssynergy was ischemic rather
than infarcted. Based on this information, aorto-
coronary saphenous vein bypass rather than segmen-
tal resection was performed.

The radionuclidic procedure has also been used
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FIG. 4. scintigraphic images obtai (C, D) and after
(G, H) coronary artery bypass surgery in Patient TH with preinfarc-
tion angina pectoris. Also sho are preoperative scintigraphic
i btained blingual nitroglycerin (NTG) (E and F).

9 after
Preoperative left ventricular cineangiograms before NTG are shown
in A and B. Superimposed end-diastolic and end-systolic outlines

to assess pump function following surgical coronary
revascularization. In Patient TH described in the
previous paragraph, gated scintigraphy performed 2
weeks postoperatively revealed normal apical wall
motion during systole and improved ejection frac-
tion (Fig. 4G and H). By using the radionuclidic
technique, the efficacy of the revascularization op-
eration was objectively documented without cardiac
catheterization.

In addition, the radionuclidic technique may be
applied in patients with chronic coronary disease and
refractory heart failure in evaluating the feasibility
of segmental myocardial resection. This application
is illustrated by Patient LV who had diffuse hypo-
kinesis of the entire left ventricle and a severely
depressed ejection fraction (Fig. 5). It was deter-
mined that this patient was unsuitable for cardiac
operation.
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SYSTOLE

and ejection fractions are given in right column. Before operation,
hypokinesis of left ventricular apex is evident on radiopaque (A
and B) and radionuclidic (C and D) images. Systolic movement of
hypokinetic left ventricular apex (D) was improved after NTG (F),
thereby indicating ischemia rather than infarction. After operation
marked improvement in systolic apical motion is demonstrated (H).

The scintigraphic method has been useful in evalu-
ating abnormalities of the septal and posterior areas
of the left ventricle by performing gated imaging in
the MLAO position after completion of the RAO
images. A striking example of the diagnostic capa-
bilities of this procedure is shown by the RAO and
MLAO images obtained in Patient RD who had
idiopathic hypertrophic subaortic stenosis (IHSS)
(Figs. 3 and 6). Obliteration of the left ventricular
cavity characteristic of this entity is shown in the
RAO image (Fig. 3B) and the asymmetrically thick-
ened superior septal mass typifying IHSS (17,18) is
clearly documented in the MLAO picture (Fig. 6B).

DISCUSSION

The radionuclidic, gated, cardiac blood-pool imag-
ing technique was found to be an accurate, non-
invasive method for the measurement of ejection

JOURNAL OF NUCLEAR MEDICINE
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FIG. 5. Scintigraphi

images obtained at end-diastole (A) and
at end-systole (B) in Patient LV with chronic coronary heart disease;
left ventricular angiograms are shown (C) and (D). Generalized

fraciion and the evaluation of regional ventricular
contraction patterns, thereby extending previous ob-
servations (3,4). Furthermore, the precision of this
gated blood-pool approach was enhanced by sev-
eral modifications of the earlier techniques. Image
clarity was augmented by high-resolution collima-
tion with greater information density, and end-
diastole and end-systole were more accurately timed
by using the phonocardiogram and related gating
innovations.

Compared with earlier studies performed in this
laboratory with the high-sensitivity collimator,
marked improvement in image definition was
achieved with the high-resolution collimator (Fig.
7). This improvement in image resolution is due to
the greater depth of this collimator as compared with
the high-sensitivity collimator; the greater depth mini-
mizes degradation of resolution with increasing
source-to-detector distances. This collimator char-
acteristic is of special importance in RAO cardiac
imaging in which the heart lies several inches from
the detector.

The enhanced image resolution afforded by our
technique provided clearer demarcation of the left
ventricular outline, particularly in the regions of
the mitral and aortic annuli and the diaphragmatic
border. Moreover, our technique allowed detection
of systolic movement of the aortic and mitral valve
planes which has not been possible by previous RAO

Volume 16, Number 10
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SYSTOLE

hypokinesis and akinesis of the entire left ventricular chamber is
evident.

gated blood-pool methods (3,4). Appreciation of
valve plane motion at the base of the left ventricle
is of special significance in ischemic heart disease,
since excursion of this region may constitute the
principal segmental inward motion of the chamber
in patients with anterior and apical wall disease
(10,11,14). ,

The improved delineation of the diaphragmatic
border of the left ventricle in the present method
made it possible to distinguish the diaphragmatic
border of the left ventricle from the right ventricle.
Using high-resolution collimation, we observed that
the inferior margin of the right ventricle was located
beneath the diaphragmatic border of the left ven-
tricle in the majority of patients whereas, with meth-
ods providing lesser resolution, the apparent inferior
left ventricular outline often represented the lower
border of the right ventricle (3,4). Since the right
ventricle moves inward with contraction and the
inferior margin of this chamber does not greatly
enlarge the combined ventricular silhouette in the
RAO position, inability to differentiate the two -
chambers in this view does not markedly disturb
estimation of ejection fraction; however, dyssynergy
of the medial-inferior segment of the left ventricle
may not be identified. Detection of abnormal motion
in this region is identified by the high-resolution
technique.

Concerning delineation of gating intervals, phono-
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DIASTOLE SYSTOLE

FIG. 6. scintigraphic images in modified left anterior oblique (C and D) and biventricular cineangiograms are illustrated (E
view (LAO) obtained at end-diastole (A) and at end-systole (B) in and F). Asymmetrical thickening of interventricular septum (IVS) is
Patient RD with idiopathic hypertrophic subaortic stenosis shown clearly documented.
in Fig. 4. Diagrams drawn from the radionuclidic images are given

DIASTOLE

FIG. 7. Comparison of radionuclidic

H IG H H IG H gated images obtained with high-sensitiv-

ity (A and B) and high-resolution (C and D)

S E N S I T ' V ' T Y R E S 0 L U T I 0 N collimators in patient with coronary dis-

ease.
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cardiography provided a means of improving the
accuracy of end-systolic timing (Fig. 1A). This in-
novation is an advance over methods which utilize
the terminal portion of the electrocardiographic
T wave for estimating end-systole, since the T wave
is often isoelectric in patients with heart disease
(Fig. 1) (14). Furthermore, the electrical T wave
may not precisely correspond to end-systole which
is a mechanical event (19). This problem of non-
coordination between electrical and mechanical
events is particularly pronounced in patients with
intraventricular conduction defects.

With regard to end-diastolic gating, some of the
previous methods that employ gated imaging during
the electrocardiographic PR interval triggered by a
predetermined interval of delay from the preceding
R wave are inaccurate (3,4), since imaging occurs
during rather than at the end of atrial contraction
(19). Furthermore, the timing becomes imprecise
with small changes in heart rate and is invalid in
atrial fibrillation. The method of end-diastole timing
using triggering by the R wave with zero delay (Fig.
1B) obviates all of the above disadvantages of the
PR interval gating method. Other methods of em-
ploying the R wave for end-diastolic timing have
been described previously (7,20).

Thirty minutes were required for the method de-
scribed here, but the procedure was well tolerated
even by ill patients. The derived gated scintigrams
represent average images of end-systole and end-
diastole which could become distorted by patient
movement during the time needed to obtain 500,000-
count pictures with the higher resolution colli-
mator. However, the time required for the study
has recently been reduced by one-half by using a
gating device (Riverside Bio-Engineering Model
901) that allows simultaneous imaging of end-systole
and end-diastole on a single oscilloscope. Alterna-
tively, the time of study can be shortened by record-
ing the scintigraphic data ungated on videotape for
subsequent retrieval of gated images (1,2,20).

In the past few years, a number of approaches
have been developed for the radioisotopic determi-
nation of ejection fraction (2,3,5-9,20). Concep-
tually, these methods can be categorized as imaging
(2,3,20) or area-counts (5-9) techniques; each can
be performed utilizing initial transit (2,5,6,8,9,20)
or static blood-pool (3,7) scintigraphic data. While
correlation of each of these four methods with ra-
diopaque cineangiography has been relatively good
(3,5-9,20), there are certain advantages and limi-
tations for each technique. The principal advantage
of the imaging techniques is that the regional con-
traction pattern of the left ventricle can be observed
in addition to ejection fraction. The ability to assess

Volume 16, Number 10

DIAGNOSTIC NUCLEAR MEDICINE

segmental contraction as well as ejection fraction
provides considerably greater sensitivity in detecting
ischemic heart disease at an early stage (10,11,14).
The importance of the ability of scintigraphic imag-
ing to identify regional ventricular dyssynergy was
clearly demonstrated in the present study in which 7
of 17 patients with normal ejection fractions mani-
fested regional contraction abnormalities (Fig. 2).

One of the unique features of the gated blood-
pool imaging technique is that the effects of phar-
macologic and other interventions on ejection frac-
tion and segmental motion can be determined by
repeated imaging without additional injection of ra-
diopharmaceutical or time elapse for radionuclidic
decay. Clinical application of this feature was illus-
trated in the present investigation by evaluating the
reversibility of abnormally contracting segments of
the left ventricle in ischemic heart disease through
scintigraphic observation of the response of these
areas to nitroglycerin (Fig. 4). In addition, the use-
fulness of serial scintigraphy in the evaluation of the
feasibility and efficacy of coronary bypass surgery
was shown by preoperative assessment of segmental
response to nitroglycerin and postoperative radio-
nuclidic imaging (Fig. 4). It must be noted that al-
though repeated imaging is easily performed after the
intervention, providing immediate qualitative infor-
mation about segmental wall motion changes, the
interpreter must then spend time in determining the
quantitative ejection fractions by the method de-
scribed.

Finally, certain advantages would result from the
combination of the initial transit area-counts method
with the gated blood-pool imaging technique. The
initial transit area-counts method would provide de-
termination of ejection fraction; subsequently, the
gated end-systolic and end-diastolic images can be
obtained without additional radiopharmaceutical for
evaluation of regional wall motion. In this manner,
the major advantages of the initial transit area counts
and imaging approaches can be combined in a single
study of ejection fraction and regional myocardial
contraction patterns.
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