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A 30° slant-hole collimator was used during radionuclide ventriculogra-
phy of the cardiac blood pool to improve imaging of the heart in both the
modified left anterior oblique (MLAO) and right anterior oblique (RAO)
views. In the MLAO view, with the holes slanted caudally, good separation
between the left atrium and left ventricle was achieved, and the septum
was displayed without foreshortening. In the RAO view with the collimator
flat against the chest there was better resolution of the cardiac apex. The
results of ejection fraction and wall motion analysis in these patients cor-
related well with contrast ventriculography (r = 0.94). Combination of the
slant-hole collimator, in vivo red blood cell labeling with stannous pyro-
phosphate, simultaneous collection of all phases of the cardiac cycle, and
cine mode display, provide a practical system for the noninvasive measure-

ment of left ventricular performance parameters.
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The importance of left ventricular performance parameters in the
diagnosis and management of patients with coronary artery disease
has been well established (/,2). Until recently, however, their
measurement required invasive investigation with considerable
accompanying morbidity. Radionuclide angiography (3-5) has
provided a noninvasive alternative that permits sequential display
of the cardiac chambers and the great vessels after the intravenous
injection of [*>"Tc] sodium pertechnetate. With the development of
Tc-99m-labeled human serum albumin, this agent was used to
investigate left ventricular ejection fraction (6) and left ventricular
wall motion (7). Because the albumin space is larger than the blood
pool. especially in the adjacent liver, Tc-99m labeling of red blood
cells both in vitro (8-12) and, more recently, in vivo (/3) may provide
an improved radiopharmaceutical for the evaluation of Ileft
ventricular performance.

Despite the many improvements in data collection and display,
appropriate patient positioning has continued to be a problem, with
the detector being a considerable distance from the heart in the
MLAO and RAO projections. This communication describes a 30°
slant-hole, straight-bore collimator* that can avoid this difficulty.
Its use is reported here in the context of an overall clinical study:
radionuclide left ventriculography using red blood cells labeled in
vivo with Tc-99m. The analyses of ejection fraction and regional
wall motion were validated by correlation with findings at contrast
angiocardiography and ventriculography.
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MATERIALS AND METHODS

Patients. Radionuclide ventriculograms were performed on 22
patients who underwent cineangiographic examination for the
investigation of coronary artery disease between February and
October of 1976.

Blood labeling technique. A standard pyrophosphate kit
containing 2.3 mg of stannous tin was reconstituted in 2 ml of
normal saline and administered intravenously 15-35 min before the
patient received 10-15 mCi of [**"Tc] sodium pertechnetate. The
last two patients reported on here received the equivalent of 700 ug
of stannous tin rather than the complete contents of the kit. This
continues to be our standard procedure.

Collimator. A 36.5-mm-thick collimator with 7000 2.39-mm
square holes was constructed from 0.254-mm lead strips. The line
spread function (LSF) of this slant-hole collimator and the
associated scintillation camerat was measured using a capillary tube
filled with Tc-99m, the active area being about 2.5-cm long. The
intrinsic LSF of the scintillation camera was determined using a
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TABLE 1. SYSTEM FWHM AND SLANT-HOLE
COLLIMATOR FWHM AS A FUNCTION OF
DISTANCE FROM THE FACE OF THE COLLIMATOR
FOR THE SLANT-HOLE COLLIMATOR

Distance from System FWHM Collimator FWHM
collimator (cm) (mm) (mm)
0 8.0+ 0.2 53+03
2.5 9.0 = 0.2 6.9 +0.3
5.0 10.6 =+ 0.2 8.8 +03
7.5 13.0 =03 1.6 +03
10.0 147 = 0.3 13.5+04
12.5 16.6 =04 155+ 04
15.0 19.6 =04 18.7 =05

2-mm slot in a thick lead brick. The collimator’s LSF in terms of the
full width at half maximum (FWHW) was calculated from the equa-
tion

R.=V (R’-RJ).

RESULTS

Table | lists the performance characteristics of the slant-hole
collimator used for this study. The sensitivity of this collimator
relative to the low-energy, all-purpose collimator was found to be
1.18 £ 0.01.

The effective separation of the left atrium and the left ventricle in
the MLAO projection can be seen in the radionuclide angiogram
(Fig. 1). The ventricular septum is viewed normal to its long axis in
the MLAO view using the slant-hole collimator (Fig. 2). This is to be
contrasted with the foreshortening seen when using a conventional
straight-bore collimator in the LAO view. End diastolic and end
systolic images in the MLAO and RAO projection using the slant-
hole collimator are illustrated in Fig. 3. Correlation of ejection
fraction obtained in the MLAO view during radionuclide
ventriculography with contrast ventriculography is illustrated in
Fig. 4. with the 95% and 99% confidence limits included. The
regression line for the two data sets has an r value of 0.94. Regional
asynergy of left ventricular wall motion was detected in seven
patients by contrast ventriculography. These patients had a total of
15 asynergic regions, 14 of which were seen with radionuclide
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ventriculography. A small region of anteroapical hypokinesis was
missed in a patient with an ejection fraction of 66%.

DISCUSSION

For optimal evaluation of left ventricular performance. the left
ventricular outline must be well delineated. with no superimposition
of the other cardiac chambers. The LAO projection provides
separation of the two ventricles, but the left atrium still overlaps the
upper part of the left ventricle. The MLAO view (/5) partially
overcomes this problem but rarely can more than 20° of caudal tilt
be achieved because of the physical constraints of modern camera
detector heads. The caudal tilt also moves the detector away from
the organ of interest, thus compromising sensitivity and resolution
(16). Most workers therefore employ the best compromise, the RAO
projection. This view separates the atria from the ventricles but has
two major disadvantages: the overlap of the right ventricle, and
again increased distance between the detector and the heart. LeFree
et al. (personal communication) used the 20° slant-hole
tomographic collimator in an attempt to overcome this problem.
Reese et al. (/7) used the tomographic collimator for radionuclide
ventriculography in the MLAO position, but the extra caudal tilt
required to achieve optimal differentiation between the left atrium
and the left ventricle results in a physical separation between the
collimator and the patient. These problems have been largely
overcome by using the 30° slant-hole straight-bore collimator.
which allows the MLAO view to be obtained with complete
resolution of the left atrium and the left ventricle while the
collimator face is against the chest wall. The 30° angulation was
chosen from experience with contrast ventriculograms in the RAO
projection. The MLAO projection also views the septum normal to
its longitudinal axis and provides optimal separation between the
distribution of the left anterior descending artery and that of the left
circumflex artery. This is of particular importance when evaluating
the regional effects of coronary artery disease.

Scintigraphic images of the cardiac blood pool are diffuse, with
low contrast in comparison with some other nuclear medicine
procedures, for example bone scanning. This results in a low peak
information density, so that for. good quality scintiscans a large
number of counts must be collected. At the same time, we believe
resolution requirements are less critical. Therefore we have designed
our slant-hole collimator with relatively high sensitivity at the
expense of some loss in resolution.

Radionuclide left ventriculography with the slant-hole collimator
permits an accurate measure of ejection fraction at equilibrium and
a qualitative assessment of regional changes in ventricular volume.

ANGIOCARDIOGRAM

'
L

FIG. 1. First pass radionuclide transit
in MLAO view, at one frame per second.
The nuclide can be clearly seen entering
left atrium by eighth frame. Note separa-
tion between left atrium and left ventricle.
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PARALLEL HOLE
COLLIMATOR

SLANT HOLE
COLLIMATOR

FIG. 2. Ungated image of cardiac blood pool in patient with
aortic stenosis and left ventricular hypertrophy. Both straight-bore,
parallel-hole collimator and straight-bore, 30° slant-hole collimator
were positioned in LAO projection. In both images comera head
was positioned flat against chest. Due to slope of chest this pro-
vided about a 15° caudal angulation.

Time-activity histograms over the representative cardiac cycle
provide high resolution data on temporal features of left ventricular
contraction. The use of the 30° slant-hole collimator obviates the
positional problems associated with conventional collimation.

where R. = FWHM of the collimator LSF; R,=FWHM of the LSF

DIASTOLE SYSTOLE

DIASTOLE

SYSTOLE

FIG. 3. Radionuclide ventriculogram in normal patient using
30° slant-hole collimator. End systole and end diastole are shown
in both MLAO and RAO projections. All views have a lower thresh-
old of 30% and the MLAO systolic image has an upper threshold
of 90% to make it comparable with the diastolic image. Cine mode
display facilitates identification of cardiac structures, particularly
in RAO view where right heart overlaps the left.
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EJECTION FRACTION
ANALYSIS

FIG. 4. Correlation of ejection fraction (%) obtained by radio-
nuclide ventriculogram (RVG) with that from contrast ventriculogra-
phy (CVG). Confidence limits of 95% and 99% (2nd and 3rd
standard deviation) are shown. Regression formula is given by
y = 090 X +6.3.

for camera and collimator; and R, = FWHM of the camera’s
intrinsic LSF.

Relative sensitivity was measured with a small area source on the
slant-hole collimator and compared with a low-energy all purpose
collimator.}

Data collection. Electrocardiographically gated equilibrium
imaging was performed in the manner originally described by Green
et al. (/4). Precordial ECG leads were fed through a simple
difference amplifier to one of the standard analog-to-digital inputs
(ARI11) of the computer system.§ Use of precordial leads and
adjustment of the amplifier’s high frequency filter eliminated most
of the noise in the ECG signal. The amplifier's low frequency filter
was particularly useful in removing drift. During both setup and
data collection, the ECG was sampled every 10 msec and displayed
by the computer. Precordial leads were adjusted so that the R wave
was the highest amplitude signal.

List mode data, with a digitized ECG value stored with a time
mark each 10 msec, were collected directly on magnetic tape (45 ips,
1600 bpi, phase-encoded). Accumulation of 6 million counts
required 10-15 min. As soon as positioning was confirmed, imaging
was performed in the modified 45° LAO and 30° RAO view, using
the 30° slant-hole collimator.

Data analysis. The ventriculogram list mode data were converted
into a series of gated frames. The R wave was identified by a user-
selected threshold. Data from the same point in each cardiac cycle
were summed to form a composite image representing the average
cardiac cycle observed during the period of data collection. Each
frame was selected to be a multiple of 10 msec in length, so that fora
patient with a heart rate of 60/ min, an interval of 50 msec divided
the R-R intervals into 20 frames. The reformatting of such a study
required 30 min on a PDP 11/20 with 16K words of primary
memory (K =1024) and a 1.2 megaword disk. On a diastolic image in
the MLAO view, one of us (RFU) outlined a left ventricular region
of interest and adjacent background two matrix units wide, from the
upper septum around to the true posterior wall. Time-activity
histograms were evaluated with regard to the systolic emptying
phase and diastolic filling phase of the cardiac cycle, and calculation
of the average ejection fraction was made. For wall motion analysis,
the study was displayed in cine mode with repetitive imaging of the
composite cardiac cycle. The MLAO view allowed assessment of the
septal, apical, and posterior walls, and the RAO view the anterior
and inferior walls. These five areas were also assessed for the
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presence of asynergy on the contrast ventriculogram by an
independent observer without prior knowledge of the results of
radionuclide ventriculogram analysis.

ACKNOWLEDGMENTS

We would like to thank Nathaniel M. Alpert for originally
suggesting the use of the slant-hole collimator; Peter F. Cohn
for referring most of the patients, and Devorah H. Novack
for collecting the line spread function data. This work was
supported in part by USPHS Grants GM 18674 and HL
17739. Roger Uren was supported by the New South Wales
State Cancer Council, N.S.W., Australia. J. Anthony Parker
is a Picker Scholar, James Picker Foundation.

FOOTNOTES

* Engineering Dynamics Corp., Lowell, Mass.

t General Electric Portacamera, Milwaukee, Wisc.

t Searle Radiographics Pt. 822319, Des Plaines, Ill.

§ Digital Equipment Corp., Gamma 11, Maynard, Mass.

REFERENCES

1. FoLse R, BRAUNWALD E: Determination of the fraction
of left ventricular volume ejected per beat and of ven-
tricular end-diastolic and residual volumes. Circulation 25:
674-685, 1962

2. DopGe HT, SANDLER H, BAXLEY WA, et al.: Useful-
ness and limitations of radiographic methods for determining
left ventricular volume. Am J Cardiol 18: 10-24, 1966

3. MasoN DT, AsHBURN WL, HARBERT JC, et al.: Rapid
sequential visualization of the heart and great vessels in
man using the wide field Anger scintillation camera. Radio-
isotope-angiography following injection of technetium-99m.
Circulation 39: 19-28, 1969

4. MuLLINS CB, MasoN DT, AsHBURN WL, et al.: De-
termination of ventricular volume by radioisotope-angiocar-
_diography. Am J Cardiol 24: 72-78, 1969

TECHNICAL NOTE

5. HAYDEN WG, Kriss JP: Scintiphotographic studies of
acquired cardiovascular disease. Sem Nucl Med 3: 177-190,
1973

6. STRAUSs HW, ZAReT BL, HURLEY PJ, et al.: A scin-
tiphotographic method for measuring left ventricular ejec-
tion fraction in man without cardiac catheterization. Am J
Cardiol 28: 575-580, 1971

7. ZAReT BL, STRAUSs HW, HURLEY PJ, et al.: A non-
invasive scintiphotographic method for detecting regional
ventricular dysfunction in man. N Engl ] Med 284: 1165-
1170, 1971

8. NoueL JP, BRUNELLE P: Le marquage des hematies
par le technetium-99m. La Presse Medicale 78: 73-74, 1970

9. BERGER R. JOHANNSEN B: Markierung von erythrozy-
ten mit ""Technetium. Wiss Z Karl Marx Univ Leipzig
Math-Naturwiss R, 18 Jg 4: 635-638, 1969

10. ECKELMAN W, RicHARDs P, HAUSER W, et al.: Tech-
netium-labeled red blood cells. J Nucl Med 12: 22-24, 1971

11. Gutkowskl RJ, DwWoRrkIN HJ: Kit produced ""Tc-
labeled red cells for spleen imaging. J Nucl Med 15: 1187-
1191, 1974

12. BARDY A, FouYE H, GoBIN R, et al.: Technetium-99m
Jabeling by means of stannous pyrophosphate: Application
to bleomycin and red blood cells. J Nucl Mcd 16: 435-437,
1975

13. ZIMMER AM, PaveL DG, PATTERSON VN: In vivo
red blood cell labeling using consecutive injections of stan-
nous pyrophosphate and technetium-99m pertechnetate.
J Nucl Med 17: 566, 1976

14. GREEN MV, OstrRow HG, DoucLAs MA, et al.: High
temporal resolution ECG-gated scintigraphic angiocardiog-
raphy. J Nucl Med 16: 95-98, 1975

15. MATIN P, KRriss JP: Radioisotopic angiocardiography:
Findings in mitral stenosis and mitral insufficiency. J Nucl
Med 11: 723-730, 1970

16. PARKER JA, SECKER-WALKER R, HiLL R, et al.: A new
technique for the calculation of the left ventricular ejection
fraction. J Nucl Med 13: 649-651, 1972

17. Reese IC, MisHKIN FS: Technique for producing car-
diac radionuclide motion images. / Nuc! Med 16: 368-369,
1975

ﬁ

November 11-13, 1977

SNM GREATER NEW YORK CHAPTER W
THIRD ANNUAL SCIENTIFIC MEETING

New York Hiiton

The 3rd Annual Scientific Meeting of the Greater New York Chapter of the Society of
Nuclear Medicine will be held Friday through Sunday, November 11-13, 1977, at the New
York Hilton at Sixth Avenue and 53rd Street in New York City.

In addition to selected scientific papers and commercial exhibits, the meeting will
feature survey papers, teaching sessions, and workshops conducted by invited faculty.
There will be a Business Meeting on November 12 at 4:.00 p.m.

Submitted papers should be sent no later than Sept. 15, 1977, to:

Jerome Jacobstein, M.D., Program Chairman
New York Hospital—Comell Medical Center
1300 York Avenue

L New York, N.Y. 10021

New York, New York
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