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The fraction of myocardial tissue involved in acute
infarction has been shown to have important therapeutic
and prognostic implications (1â€”4).Because of this,
several diagnostic modalities have been used to measure
infarct size noninvasively in man (5â€”21). Enzymatic,
electrocardiographic, transmission computed tomo
graphic (TCT), and scintigraphic techniques have all
been applied with some success. Radionuclide methods
are particularly attractive because of their suitability for
use with patients in the intensive-care setting, and the
potential to locate and size infarcts acceptably using an
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infarct-avid agent such as technetium-99m stannous
pyrophosphate (Tc-99m PPi).

Early attempts to size acute experimental infarcts
using the greatest area subtended by the infarct on any
of three planar images of the thoracic distribution of
Tc-99m PPi gave good results for transmural anterior
and anterolateral infarcts (11,16). However, posterior,
inferior, septal, and nontransmural infarctions were
difficult to quantify using this two-dimensional tech
nique, especially small infarcts with nontransmural
distributions. Indeed, approximately 3â€”5g of necrotic
tissue appeared to be the lower limit of consistently de
tectable infarction by planar imaging (22).

In a canine model, Stokely et al. have demonstrated
that a four-pinhole longitudinal tomographic system
extends the capability of Tc-99m PPi infarct sizing to
include posterior and some nontransmural infarcts as
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well as anterior lesions (23). However, significant
practical limitations of the multipinhole approach were
also identified.

The purpose of the present study was to compare the
capabilities of two limited-angle longitudinal tomogra
phic systems for the detection and sizing of small ex
perimental myocardial infacts in dogs.

MATERIALS AND METHODS

Twenty-one mongrel dogs were anesthetized with
intravenous pentobarbital sodium. Through a left tho
racotomy, one to three branches of the left anterior de
scending coronary artery were ligated at the mid level
or below. The chest was closed and the animals allowed
to recover. Twenty-four to 48 hr after occlusion, the
animals were again lightly anesthetized with pentobar
bital sodium and given 5-10 mCi Tc-99m PPi (2.5 mg)
by direct venepuncture. Imaging was begun 1.5â€”2.5hr
later.

Planar images were acquired in anterior, 35Â°left
anterior oblique (LAO), 70Â°left anterior oblique, and
left lateral projections with a gamma camera equipped
with a high-resolution collimator. Energy discrimination
was provided by a 20% window centered on the 140-keV
peak. Anterior projections were acquired to a density of
500,000countsper image,andtheotherprojectionsused
the same imaging time. Digital data were stored in a
computer system in a 128 X 128 X 10 format. This
procedure is one our institution has used for routine
clinical studies, and has been shown to provide an cx
cellent compromise between image statistics and ac
quisition time.

Multipinhole and rotating-slanthole images were
acquired in random order following the planar
imaging.

A previously described four-pinhole collimator (23),
based on the design of Vogel et al. (24) and constructed
to fit a standard-field-of-view gamma camera, was used
for multipinhole data acquisition. With the planar im
ages as a guide, one million counts per image were col
lected in anterior and 45Â°LAO projections and stored
in 128 X 128 X 8 format in a portable acquisition unit.
This procedure represented a compromise between ac
quisition time and necessary statistics for backprojection
reconstruction. The time for each of the multipinhole
data sets was approximately the same as that for the
multiple planar images. A weighted opposed-view
backprojection algorithm was used to reconstruct five
to nine frontal slices 1cm apart. Three or four iterations
of a deblurring algorithm based on the method of Tom
itani and Tanaka (25) were applied to the backprojected
reconstructions.

Rotating-slanthole images were acquired with a 25Â°
high-resolution slanthole collimator mounted on a
gamma camera, the detector being parallel to the ante

nor chest wall in each of six angular projections sepa
rated by 60Â°.Images were acquired to a density of
200,000countsper imageandstoredin 128X I 28 X 10
format in a computer system. This provided about the
same total number of events, and required about the
same time, as did the multipinhole series. A weighted
opposed-view backprojection algorithm was used to
reconstruct 12 slices 0.5 cm apart. Three iterations of a
least-squares algorithm developed by Gottschalk et al.
(26) were applied to the backprojected reconstruc
tions.

SCINTIGRAPHIC INFARCT SIZING

Two-dimensional (2D) estimates of infarct size were
obtained by computer-aided manual planimetry of the
infarct area in each ofthe four planar projections (16).
Reproducibility was tested by sizing the scintigrams
blindly three to five times over a period of 2 wk. Scale
factor calibration was provided by two point sources
separated by exactly 5 cm. The largest area in any pro
jection was taken as the estimate of infarct area.

Tomographic infarct sizing from multipinhole data
was performed by computer-aided manual planimetry
of the Tc-99m PP1 uptake in each reconstructed slice.
Areas from each 1-cm slice were assumed to be 1 cm
thick, and were added to give infarct volume (23). The
planar images were available for review during the sizing
procedure. A single point source at 14 cm was used to
determine the x and y scale factors of the reconstructed
images. The scale factor in each reconstructed slice was
corrected to a constant 2.5 mm/pixel dimension using
an interpolation algorithm. The average result of at least
two estimates of infarct volume obtained on separate
occasions was used for comparison with postmortem
measurement of infarct weight.

Tomographic sizing from rotating-slanthole data was
performed in similar fashion, with calibration of recon
structed images obtained by a point source at 24 cm and
two point sources exactly 5 cm apart.

All scintigraphic estimates of infarct size were made
without knowledge of the necropsy results.

POSTMORTEM DETERMINATION OF EXPERIMENTAL
INFARCT SIZE

Following completion of the imaging studies, the an
imals were killed with large doses of pentobarbital so
dium and the hearts removed. The hearts were sliced
transversely into five sections, which were washed in
saline and placed in a 1% solution of 2,5,3-triphenyl
tetrazolium chloride (TTC) in phosphate buffer for 30
mmor untilthe normalmyocardiumwasstained(16).
The sections were then fixed in phosphate-buffered
formalin. The left-ventricular myocardium was weighed
for each slice, and the unstained, infarcted portion of
each slice was excised and weighed. Total infarct weight
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TABLE1.DETECTiONOFMYOCARDIALINFARCTIONTechniqueAll

infarctsTransmuralNontransmuralPlanar

MPH
ASH18/21(85.7%)

14/14(100%)
19/21(90.5%) 14/14(100%)
21/21 (100%) 14/14 (100%)4/7(57.1%)

5/7(71.4%)
7/7(100%)Abbreviations:

MPH -multipinhole tomography;ASH- rotating-slantholetomography.

Infarct wt. 2D MPH ASH
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was recorded as the sum of the infarct weights for all
slices(16).

RESULTS

Infarcts were produced in all 21 animals and ranged
in size from 1.0 to 23.0 g (mean 10.1 Â±5.5 g). Four
teen infarcts were transmural, with a range of 7.1â€”23.0
g (mean = 12.9 Â±9.0 g). Seven infarcts were non
transmural with a range of 1.0-9.0 g (mean = 4.5 Â±3.1
g).

Table I compares the results of the three imaging
techniques for detection of myocardial infarction. All 14
transmural infarcts were detected by planar imaging and
were easily identified on the reconstructed slices pro
duced by both tomographic systems. Among the non
transmural infarcts, however, only four of seven were
detected by planar imaging and only five of seven by
multipinhole imaging. These results are further char
acterized in Table 2.

Figure 1 shows the correlation between anatomical
infarct weight and measurements of infarct area. The
2D estimates (when obtainable) demonstrated a corre
lation with postmortem measurements (r = 0.72) that
was quite similar to that in our previous results for
grouped transmural and nontransmural infarcts. How
ever, five infarcts that were identified by planar imaging
could not be reproducibly sized because of faint uptake
and/or indistinct boundaries, and are not included in this
correlation. These five ranged in size from 9.0 to I 7. 1 g
(mean = 12.9 Â± 2.7 g). Four of the five were
transmural.

Figure 2 shows the correlation between anatomical
infarct weight and infarct volume estimated from mul
tipinhole data acquired in the anterior projection. The

r value of 0.48 (p < 0.01) is considerably poorer than in
our previous results with the four-pinhole technique. This
is probably due to the lower mean infarct weight and
greater percentage of nontransmural infarctions in this
series, and because in our earlier series the animals were
killed immediately before imaging in order to simulate
a gated acquisition. As in our previous study (23), the
results from the 45Â°LAO projection were significantly
different from those obtained in the anterior projection
and showed a poorer correlation with postmortem infarct
weight.

Figure 3 shows the correlation between postmortem
infarct weight and rotating-slanthole estimates of infarct
volume. The latter estimates (r 0.89) were signifi
cantly different from multipinhole volume estimates (r
= 0.48) at the p < 0.05 level (paired f-test).

Reproducibility for the 2D sizing estimates was cal
culated from at least three planimetric measurements
of each planar image set. The coefficient of variation
(CV) for the planimetered infarct area was calculated
for each animal. Values ranged from 3.2-7.5% for those
animals that were correlated with postmortem infarct
weight. The CVs for the five animals that could not be
reliably sized and were not correlated with infarct weight
ranged from 25 to 50%. Reproducibility of the infarct
area determination in these five was significantly dif
ferent from that in the other animals at the p < 0.001
level.

2D INFARCT SIZING
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MPH INFARCT SIZING size made from multiple planar images show good cor
relation with infarct weight for anterior and anterolateral

S transmural infarcts (16), but for nontransmural infarcts

and nonanterior transmural infarcts, 2D size estimates
correlate poorly with infarct weight. Attempts to extract
tomographic information from orthogonal planar images
using a model of the infarct cross section have shown
some success (33,34), but have the disadvantage of re
quiring the arbitrary selection of the model to apply to
a specific study.

Many of the problems associated with planar imaging
for the detection, localization, and sizing of acute myo
cardial infarction can theoretically be obviated by the
application of emission computed tomography (ECT).
Commonly available techniques for performing single
photon ECT can be classified into rotational and lim
ited-angle approaches. Rotating-detector or rotating
patient systems have been used by Budinger (35), Keyes
(36), Singh (37), Burdine (38), and others to produce
cross-sectional images of the myocardium with both
infarct-avid and flow-distributed tracers. Such rotational
techniques may add valuable information to that ob
tamed from routine multiview planar images. In general,
rotational systems are far superior to limited-angle
techniques, because the projections must cover at least
180Â°for the accurate reconstruction of a cross section,
and many projections within the angular coverage are
needed to achieve a unique reconstruction (39). How
ever, rotational systems do have some disadvantages for
cardiovascular imaging. The current rotational systems
force the detector to travel in a circular orbit, and since
the thorax is not a cylinder, this results in increased de
tector-to-chest distances for the important anterior
projections. In addition, these devices may be impractical
in intensive-care settings. For cardiovascular imaging,
limited-angle tomographic techniques have somewhat
different problems. As noted earlier, their tomographic
effect is limited by the angle subtended by the projec
tions. The results also depend upon object geometry and

FIG. 3. Correlation (r 0.89) between rotating-slanthole tomo
graphic estimates of infarct volume and postmortem infarct
weight.
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FIG. 2. Poor correlation (r = 0.48) between multipinholetomo
graphic estimates of infarct volume and postmortem infarct
weight.

Reproducibility for the tomographic sizing estimates
was evaluated by calculating the error between the first
and second measurements of infarct volume. These er
rors were much smaller than the root-mean-square de
viation from regression for both multipinhole and ro
tating-slanthole estimates. The regressions for the first
and second sizings were not significantly different.

DISCUSSION

Measurements of infarct size in patients seem to have
considerable predictive power concerning the immediate
postevent hospital course. Page et al. have shown that
serious complications of infarction can be anticipated
when the size of an acute infarct, or the combined size
of acute and chronic events in the same patient, equals
40% or more of the total left-ventricular muscle mass (1).
The development of pump failure and cardiogenic shock
are particularly devastating postinfarction complica
tions. Serious ventricular arrhythmias, refractory to
medical management, also seem related to infarct size
(8). In addition, the segments of the left ventricle that

are damaged by infarction appear to have further
prognostic implications (27â€”29).Development of means
toassesstheamountofdamagedmyocardialtissueand
to discover the location of such damage in the left yen
tricle will have an important bearing on the patient's
medical management. It will be particularly important
to monitor the effects of therapy directed at limiting
infarct size.

Scintigraphic imaging with the infarct-avid Tc-99m
PP1 tracer has been shown to be a sensitive indicator of
myocardial necrosis (30). Anatomical location of in
farction by Tc-99m PPi also shows excellent correlation
with pathologic findings (31 ). Recently developed
methods to superimpose Tc-99m PPi images and ra
dionuclide ventriculograms provide a dramatic means
to correlate infarct location with segmental ventricular
dysfunction (32). Two-dimensional estimates of infarct
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relative orientation of the object to the detector. This
may be used to advantage in myocardial imaging.
Phantom studies have demonstrated that multipinhole
tomography improves contrast in thallium-201 images
if the detector can be positioned directly along, and or
thogonal to, the long axis of the left ventricle (40). The
results of clinical studies, however, have been mixed
(41 ,42). For Tc-99m PPi infarct-avid imaging, Stokely
et al. have shown that a four-pinhole system extends
infarct sizing capability in experimental infarction to
include posterior and nontransmural infarcts as small
as 1.8 g (23). In our study, rotating-slanthole tomogra
phy was superior to MPH tomography and planar im
ages in detecting infarction. Estimates of infarct volume
obtained from the RSH reconstructions showed excellent
correlation with infarct weight, and were acceptably
reproducible. MPH sizing demonstrated a significantly
poorer correlation with infarct weight, a correlation
poorer than in our earlier results. This may be due to the
smaller mean infarct size in the present study, the greater
percentage of nontransmural infarcts, and the absence
of gated acquisition.

The results of this study should be equally valid
for comparisons between seven-pinhole and rotating
slanthole tomography when all images are acquired with
a standard-field gamma camera. The fundamental
limitation on reconstruction from limited angles is the
lack of a complete set of Fourier coefficients (i.e., pro
jections) because the total angle subtended by the pro
jections falls short of the minimum 180Â°range necessary
for accurate reconstruction (39). We used four pinholes
rather than seven because this allowed the viewedvolume
to be moved closer to the camera crystal, thereby pro
viding a wider range of viewing anglesfor each pinhole
image. Simulation of an eight-pinhole system did not
show significant improvement over the four-pinhole
(23).

The extrapolation of animal results to man is often
difficult, and this is certainly true for the current study.
Clinically, the blur artifacts present in the tomographic
reconstructions may result in an increased number of
false-positive studies. Moreover, Tc-99m PPi images in
dogs tend to have significantly better target-to-back
ground ratios than analogous images obtained in criti
cally ill patients. Since all of the animals in this study had
acute infarction, we do not know whether the increased
sensitivity for the detection of small infarcts achieved by
limited-angle tomography is offset by a decreased
specificity.

ACKNOWLEDGMENTS

The authors appreciate the expert technical assistanceof Ms.
Dorothy Gutekunstand Ms. Katie Wolf, who preparedthe animal
modelsusedin this study.Ms.TommieHall providedvaluableassis
tancein obtaining thescintigraphicimages.

This workwassupportedin partbytheNIH IschemicHeartDisease
SCORGrantHL 17669.

REFERENCES

I. PAGE DL, CAULFIELD JB, KASTOR JA, et al: Myocardial
changesassociatedwith cardiogenic shock. N Eng! J Med
285:133â€”137,1971

2. ALONSODR, SCHEIDTW, POSTM, etal: Pathophysiology
of cardiogenic shock.Quantification of myocardial necrosis:
clinical, pathologic, and electrocardiographic correlations.
Circula:ion 48:588â€”596,1973

3. SOBEL BE: Infarct size, prognosis, and causal contiguity.
Circula:ion53:1-146â€”1-148,1976

4. BOOR PJ, REYNOLDS ES: Myocardial infarct size: Clin
icopathologic agreement and discordance. Human Pa:hol
8:685â€”695,1977

5. ADAMS DF, HESSELSJ, JUDY PF, et al: Computed to
mography of the normal and infarcted myocardium. Am I
Roen:geno! 126:786â€”791,1976

6. BERNINGER WH, REDINGTON RW, DOHERTY P, et al:

Gated cardiac scanning: canine studies. I Compu: Assis:
Tomogr 3:155-163,1979

7. BUJALM,PARKEYRW,STOKELYEM,et al:Pathophysi
ology of technetium-99m stannouspyrophosphateand thal
lium-20l scintigraphy of acute anterior myocardial infarcts
indogs.I ClinInvest57:1508â€”1522,1976

8. Cox JR JR, ROBERTSR, AMBOS HD, et al: Relations be
tween enzymatically estimated myocardial infarct size and
early ventricular dysrhythmia. Circula:ion 53:1-150â€”1-155,
I 976

9. GRAYWR, BUJALM, HAGLERHK, Ctal:Computedto
mography for localization and sizing of experimental acute
myocardial infarcts. Circula:ion 58:497â€”504,1978

10. HOLMAN BL, LESCH M, ZWEIMAN FG, et al: Detection
and sizing of acute myocardial infarcts with 99m-Tc(Sn)
tetracycline. N Engi J Med 291:159â€”163,1974

Ii. BOTVINICK EH, SHAMES D, LAPPIN H, et al: Noninvasive
quantitationofmyocardialinfarctionwithtechnetium99m
pyrophosphate.Circulation 52:909-915, 1975

12. KJEKSHUS JK, SOBEL BE: Depressed myocardial creatine
phosphokinaseactivity following experimental myocardial
infarction in rabbit. Circ Res 27:403â€”414,1970

13. MAROKO PR, KJEKSHUSJK, SOBELBE, et al: Factors in
fluencing infarct size following experimental coronary artery
occlusions. Circulation 43:67-82, 1971

14. MULLER JE, MAROKO PR, BRAUNWALD E: Evaluation
of precordial electrocardiographic mapping as a means of
assessingchangesin myocardial ischemicinjury. Circula:ion
52:16â€”27,1975

15. MURRAY RG, PESHOCKRM, PARKEY RW, et al: ST iso
potential precordial surface maps in patients with acute
myocardial infarction. I Elec:rocard 12:55-64, 1979

16. STOKELYEM, BUJA LM, LEWIS SE, et al: Measurement
of acute myocardial infarcts in dogs with 99mTc-stannous
pyrophosphatescintigrams. J Nuci Med 17:1â€”5,1976

17. SHELL WE, KJEKSHUS JK, SOBEL BE: Quantitative as
sessmentof the extent of myocardial infarction in the con
sciousdog by meansof analysis of serial changesin serum
creatine phosphokinase activity. I Clin hives: 50:26 14â€”2625,
1971

18. TENNANT R, WIGGERSCi: The effect ofcoronary occlusion
on myocardial contraction. Am I Physiol 112:351â€”361,
1935

19. THEROUX P, FRANKLIN D, Ross J JR, et al: Regional
myocardial function during acute coronary artery occlusion
and its modification by pharmacologicagentsin the dog. Circ
Res35:896-908,1974

20. WACKERS FiT, BECKER AE, SAMSON G, et al: Location
and sizeof acutetransmural myocardial infarction estimated

I004 THE JOURNAL OF NUCLEAR MEDICINE



BASIC SCIENCES
INSTRUMENTATION

from thallium-201 scintiscans.Circulation 56:72â€”78,1977
21. HENNING H, SCHELBERTHR, R1GHErrI A, Ctal: Dual

myocardialimagingwithtechnetium-99mpyrophosphateand
thallium-20l for detecting, localizing, and sizing acute
myocardial infarction. Am I Cardiol 40:147â€”155,1977

22. POLINER LR, BUJA LM, PARKEY RW, et al: Comparison
of different noninvasivemethodsof infarct sizing during cx
perimental myocardial infarction. J Nuci Med 18:517â€”523,
1977

23. STOKELY EM, TIrroN DM, BUJA LM, et al: Quantitation
of experimental canine infarct size using multipinhole sin
gle-photon tomography. J Nucl Med 22:55â€”61, 1981

24. VOGELRA, KIRCHDL, LEFREEMT, etal:A newmethod
of emission tomography using compound collimation. In
Proceedingsof:he Fifth International Conferenceon Infor
mation Processingin Medical Imaging, Nashville, TN. Oak
Ridge, Oak Ridge National Laboratories, Biomedical Com
puting Technology Information Center, ORNL/BCTIC-l,
1977,pp 636-646

25. TOMITANIT, TANAKAE:Three-dimensionalreconstruction
in longitudinal tomography by meansof iterative approxi
mation. In Proceedingsof:he Fifth In:erna:ional Conference
on Information Processingin Medical Imaging, Nashville,
TN. Oak Ridge, Oak Ridge National Laboratories,
ORNL/BCTIC-2, 1977,pp 174-194

26. GOTTSCHALK S, SMITH KA, WAKE RH: Comparison of
sevenpinhole and rotating slant tomography of a cardiac
phantom. I Nucl Med 2l:P27, 1980(abet)

27. OHSUZU F, BOUCHERCA, OSBAKKENMD, et al: Contri
bution ofsegmentalwall motion to ejectionfraction in patients
with acute myocardial infarction. I Nuci Med 21:P52, 1980
(abst)

28. MiLLER RR, OLsONHG, VISMARALA, etal: Pumpdys
function after myocardial infarction: Importance of location,
extent and pattern of abnormal left ventricular segmental
contraction. Am I Cardiol 37:340-344, 1976

29. STRAUSSH, AMBROS H, SOBEL BE, et al: Relationships
betweenthe site of infarction, infarct size,and mortality. Am
I Cardiol 41:361, 1978(abst)

30. Parkey RW, BonteFJ, Buja LM, et al., Eds:Clinical Nuclear
Cardiology. New York, Appleton-Century-Crofts, 1979

31. BUJA LM, POLINER LR, PARKEY RW, Ct al: Clinico
pathologic findings in 52patientsstudiedby technetium-99m

stannous pyrophosphate myocardial scintigraphy. Circulation
59:257-267,1979

32. CORBETTJR, LEWISSE, DEHMERGJ, et al: Simultaneous
displayof gatedtechnetium-99mstannouspyrophosphateand
gated blood-pool scintigrams. J Nucl Med 22:671â€”677,
1981

33. LEWISMH, BUJALM, SAFFERS,et al: Experimentalin
farct sizing using computer processingand a three-dimen
sionalmodel.Science197:167â€”169,1977

34. LEWIS MH, BUJA LM, PARKEY RW, Ct al: A computer
based scintigraphic method for sizing acute inferior myo
cardial infarcts. Radiology I 36:439â€”442,1980

35. BUDINGERTF: Three-dimensional imaging of the myocar
dium with isotopes.In Cardiovascular Imaging and Image
Processing.Harrison DC, Andler H, Miller HA, Eds.Palos
Verdes, CA, Society of Photo-Optical Instrumentation En
gineers, 1975, pp 263â€”271

36. KEYEsJW JR,LEONARDPF,BRODYSL,etal: Myocardial
infarct quantification in the dog by single photon emission
computed tomography. Circulation 58:227â€”232,1978

37. SINGH M, BERGGREN Mi, GUSTAFSON DE, et al: Emis
sion-computedtomography and its application to imaging of
acute myocardial infarction in intact dogsusing Tc-99m py
rophosphate.J Nucl Med 20:50-56, 1979

38. BURDINE JA, MURPHY PH, DEPUEY EG: Radionuclide
computed tomography of the body using routine radiophar
maceuticalsII. Clinical applications.JNuclMed 20:108-114,
I 979

39. CHIU MY, BARRETT HH, SIMPSON RG, et al: Three
dimensionalradiographicimagingwith a restrictedviewangle.
JOp:SocAm 69:1323-1333,1979

40. WILLIAMS DL, RITCHIE JL, HARP GD, et al: In vivo sim
ulation thallium-20l myocardial scintigraphy by seven-pin
hole emissiontomography. I Nucl Med 21:821-828, 1981

41. VOGEL RA, KIRCH DL, LEFREE MT, et al: Thallium-20l
myocardial perfusion scintigraphy: results of standard and
multipinhole tomographic techniques. Am J Cardiol 43:
787â€”793,1979

42. RITCHIE JL, WILLIAMS DL, CALDWELL JH, et al: Seven
pinhole emissiontomography with thallium-20l in patients
with prior myocardial infarction. I Nucl Med 22:107â€”112,
I981

The Program Committee ofthe Section on Nuclear Pharmacy of APhA welcomes submission of original contributions
on: radiopharmaceutical design, synthesis, biodistribution, kinetics, and quality control; clinical nuclear pharmacy;
and economic aspects of nuclear pharmacy.

Official abstract forms and requests for information should be directed to:
Ronald L. Williams, S.N.P.

American Pharmaceutical Association
2215 ConstitutionAve., NW.

Washington, DC 20037
Tel: (202)628-4410

DeadlIne for rcelpt of abstractsIs December 15,1981.

Volume 22, Number Ii 1005

ANNUAL MEETING
SECTION ON NUCLEAR PHARMACY

AMERICAN PHARMACEUTICAL ASSOCIATION
April 27-28, 1982 LasVegasConventionCenter Las Vegas, Nevada

Announcement and Call for Abstracts




