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Abstract. In the context of a multicentre study on the 
use of technetium 99m hexakis-2-methoxyisobutylisoni- 
trile (99~nTc-Sestamibi), we evaluated the accuracy of the 
ventricular function assessed at rest by means of first- 
pass radionuclide angiocardiography acquired during 
the injection of the tracer for myocardial perfusion scin- 
tigraphy. The results were compared with first-pass stu- 
dies performed using reference tracers sodium pertechne- 
tate Tc 99m or technetium 99m diethylene triamine pen- 
ta-acetic acid or with gated radionuclide angiocardiogra- 
phy. A total of 66 patients of the 105 enrolled in the 
study could be evaluated. The comparison of the first- 
pass studies was possible in 33 subjects with regard to 
the left ventricular ejection fraction, yielding r--0.909 
(P<  10-6), and in 22 cases with regard to the right ven- 
tricular ejection fraction, yielding r = 0.712 (P < 0.001). 
The comparison between the first-pass study using 
99mTc-Sestamibi and the equilibrium gated radionuclide 
angiocardiography was possible for the left ventricular 
ejection fraction in 26 cases, with r=0.937 (P<10-6) ,  
and for the right ventricular ejection fraction in 15 sub- 
jects, with r = 0.783 (P < 0.001). In conclusion, the assess- 
ment of ventricular function performed by acquiring a 
first-pass radionuclide angiocardiograph during the in- 
jection of 99mTc-Sestamibi for perfusion myocardial 
scintigraphy can be considered reliable and accurate, 

Offprint requests to: G. Bisi, Department of Clinical Pathophysiol- 
ogy, Nuclear Medicine Unit, University of Florence, Viale Morgag- 
ni 85 1-50134 Florence, Italy 

when compared with the usually employed techniques. 
This result confirms the feasibility of a combined evalua- 
tion of perfusion and function at rest and during stress 
testing, which represents one of the most interesting ad- 
vantages offered by the use of 99mTc-Sestamibi. 
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I n t roduct ion  

Perfusion studies using myocardial scintigraphy are 
among the most employed and probably the most accu- 
rate non-invasive tests for the diagnosis and assessment 
of coronary artery disease (Okada et al. 1980; Melin 
etal. 1981, 1985; Uhl etal. 1981; Leppo etal. 1982; 
Gerson 1987). On the other hand, the evaluation of left 
ventricular function by means of non-invasive methods, 
such as 2-dimensional echocardiography or radionuclide 
angiocardiography, has gained increasing importance in 
the past few years, owing to the high relevance of this 
variable in the management choices and in the prognos- 
tic stratification (Borer et al. 1980, 1987; Sanz et al. 
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1982; Corbett et al. 1983; De Pace et al. 1983; Iskan- 
dr±an et al. 1985; Grodzinski et al. 1985; Multicenter 
Postinfarction Research Group 1986; Jones 1987). Up 
to now the two kinds of studies could not be performed 
simultaneously, since the characteristics of the perfusion 
tracer usually employed, thallium 201, are not suitable 
for the acquisition of a first-pass radionuclide angiocar- 
diography during its injection (Jansholt Anderson 1988). 
The availability of the isonitrile derivatives, a new class 
of myocardial perfusion tracers labelled with technetium 
99m (McKusick et al. 1986; Maddahi etal. 1987; Okada 
etal. 1988; Kiat et al. 1989), opens a newperspective, 
making possible the evaluation of function during perfu- 
sion studies (Schelbert 1987). The necessary prerequisite 
for this combined assessment is that the quality of radio- 
nuclide angiocardiography performed with the 99mTc- 
labelled isonitrile compound, injected at the required 
dosage for myocardial scintigraphy, has to be compara- 
ble with that obtained using a traditional radiopharma- 
ceutical such as sodium pertechnetate Tc 99m or techne- 
tium 99m diethylene triamine penta-acetic acid (99raTc- 
DTPA). 

In  th is  p a p e r  we  p r e s e n t  the  resul t s  o f  lef t  v e n t r i c u l a r  

f u n c t i o n  e v a l u a t i o n  w i t h  f i r s t -pass  r a d i o n u c l i d e  a n g i o -  

c a r d i o g r a p h y  p e r f o r m e d  in  the  c o n t e x t  o f  a m u l t i c e n t r e  

s t udy  c o n c e r n i n g  the  use  o f  t e c h n e t i u m  9 9 m  hexak i s -2 -  
m e t h o x y i s o b u t y l i s o n i t r i l e  (99mTc-Ses tamib i )  in the  eva l -  

u a t i o n  o f  p a t i e n t s  w i t h  c o r o n a r y  a r t e r y  disease.  

Methods 

The study involved nine centres in four different countries. In each 
country the use of 99mTc-Sestamibi (Cardiolite, Du Pont) was au- 
thorized according to local laws regarding the experimental evalua- 
tion of new radiopharmaceuticals, and the study protocol was ap- 
proved by the local ethical committees. Informed consent was ob- 
tained from each patient. 

Patient population. The study protocol included the execution of 
first-pass radionuclide angiocardiography at rest with 99mTc-Sesta- 
mibi and of a comparative evaluation technique, possibly first-pass 
radionuclide angiocardiography employing another established 
tracer or, alternatively, either equilibrium gated radionuclide angio- 
cardiography or contrast ventriculography. Of the 105 patients 
recruited from 9 centres, 35 did not undergo any comparative as- 
sessment of ventricular function and were therefore excluded from 
any further evaluation. Four more subjects were also excluded be- 
cause the interval between the 99mTc-Sestamibi study and the com- 
parative one exceeded 3 months. Therefore, a total of  66 patients 
(58 males and 8 females, mean age 55 _+ 9 years, range 37-74 years) 
could be evaluated with regard to the comparison of ventricular 
function. Coronary artery disease was diagnosed in 63 subjects, 
2 of whom also had valvular disease; one patient suffered from 
a dilated cardiomyopathy, one was considered normal, and finally 
the clinical data of one case were missing. Treatment for the under- 
lying disease was administered to 48 patients, including nitrates 
in 31, calcium channel blockers in 30 and /~-blocking agents in 
12. No changes in drug regimen were introduced during the study, 
and the clinical condition of the patients remained stable. 

First-pass radionuclide angiography with 99~Tc-Sestamibi. Two dif- 
ferent types of 99mTe-Sestamibi kits were employed, the first 
(RP30), which was administered to 9 patients, was frozen and 
needed to be stored at - 2 0  ° C whereas the second (RP30A), which 
was used with the remaining 57 subjects, was lyophilized and could 
be stored at room temperature. After labelling with 99roTe both 
kits form the same complex without any demonstrable difference 
in chemistry or animal tests; the radiochemical purity assessed 
by chromatographic techniques was > 90% in all except one case 
(>95% in 81.8% of the reconstituted kits); therefore, the type 
of kit employed was not further considered in the evaluation of 
the results. 

The administered dose of 99Tc-Sestamibi ranged between 370 
and 1480 MBq (1~40 mCi) and the injected volume, between 0.35 
and 3 ml. None of the patients experienced any adverse effect; 
after injection some subjects perceived a transient metallic taste. 

The projection employed for the study was anterior in 10 pa- 
tients, left anterior oblique in 18 and right anterior oblique in 
38. Acquisition was performed in either list or frame mode using 
a small field-of-view gamma-camera (either muir±crystal or digital 
single crystal), equipped with a high sensitivity collimator and a 
20% window centred on the 140 keV photopeak of  ~gmTc and 
interfaced with a computer. The study was elaborated according 
to the different software packages employed in the centres involved. 
At least three repeat determinations of the right and left ventricle 
ejection fraction were required and had to be recorded in the case 
report form. 

Comparative methods for ventricular function evaluation. According 
to the protocol the recommended comparative method was first- 
pass radionuclide angiocardiography with either sodium pertechne- 
rate Tc 99m or 99mTc-DTPA. This was actually performed with 
33 patients, in each case using the same projection and procedure 
employed when 99mTc-Sestamibi was administered; the time inter- 
val between the two studies was never shorter than 24 h, with 
a mean of 3.95_+3.47 days. The injected tracer activity was not 
significantly different from the 99mTc-Sestamibi dose. The left ven- 
trienlar ejection fraction was measured in all cases and the right 
ventricular ejection fraction, in 22. 

In 44 patients, equilibrium gated radionuclide angiocardiogra- 
phy could be used as a comparative method. In 32 of them, a 
comparison with the first-pass studies was also possible, whereas 
in 12 the equilibrium study was the sole comparative radioisotopic 
method available. The time interval between the two studies was 
never shorter than 24 h, with a mean of 4.34±2.94 days. The equi- 
librium gated radionuclide angiocardiography was performed in 
each centre using a small field-of-view cardiological gamma-cam- 
era, equipped with a low-energy all-purpose collimator and a 20% 
window centred on the 140 keV photopeak of 99mTc and interfaced 
with a computer. The acquired data were processed according to 
the different routine procedures. In all patients the left ventricular 
ejection fraction was determined, while in 32 the right ventricular 
one was also measured. 

In 40 patients, left contrast ventriculography was performed 
as the comparative method, and it was the sole one available in 
20. The time interval between the 99mTe-Sestamibi first-pass angio- 
cardiography and the contrast ventriculography ranged from 1 to 
66 days (mean 18.4± 17.3 days). The left ventricular ejection frac- 
tion was calculated from the volumetric measurements of end-dia- 
stolic and end-systolic images, using either the monoplane or the 
biplane area-length method. 

Statistical analysis. The ejection fraction values obtained by the 
different methods were compared using the Student t-test for paired 
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Fig. 1. Comparison of left ventricular ejection fraction (LVEF) 
measured using first-pass radionuclide angiocardiography per- 
formed with a reference tracer (FP) and with technetium 99m hexa- 
kis-2-methoxyisobutylisonitrile (99mTc-Sestamibi): n = 33, r = 0.909 
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Fig. 2. Comparison of left ventricular ejection fraction (LVEF) 
measured using gated equilibrium radionuclide angiocardiography 
(EGRA) and first-pass radionuclide angiocardiography with 99mTc- 
Sestamibi: n = 26, r = 0.937 
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Fig. 3. Comparison of left ventricular ejection fraction (LVEF) 
measured using contrast  ventriculography and first-pass radionu- 
clide angiocardiography with 99mTc-Sestamibi: n = 33, r = 0.60 

data, linear regression and Pearson's correlation coefficient. The 
probability level was fixed at P<0 ,05 .  All data are expressed as 
the mean + SD. 

Results 

Left ventricular ejection fraction 

The left ventricular ejection fraction calculated with 
first-pass radionuclide angiocardiography using 99mTc- 
Sestamibi was not significantly different from the refer- 
ence first-pass study performed using either sodium per- 
technetate Tc 99m or 99mTc-DTPA: 49.1% _+12.7% 
(99mTc-Sestamibi) vs 49.3% + 13.4%. A satisfactory cor- 
relation between the two values could be demonstrated" 
r=0.909 (P<  10-6), irrespective of the projection em- 
ployed, which was always the same in each subject 
(Fig. 1). 

For the comparison of the results from equilibrium 
radionuclide angiocardiography and from contrast ven- 
triculography, only data from first-pass 99mTc-Sestamibi 
studies performed using right anterior oblique or anteri- 
or views (26 cases) were considered. The left ventricular 
ejection fraction calculated with the two methods was 
not significantly different: 51.8% _+ 13.5% (99mTc-Sesta- 
mibi) vs 50.2% 4-15.2%. The correlation with the equi- 
librium technique was very good with r=0.937 (P<  
10 -6) (Fig. 2). On the contrary, only a relatively low 
correlation with the results of contrast ventriculography 
could be achieved, with r=0.60 (P<0.001) (Fig. 3). 
However, also in this case no significant difference be- 
tween the value obtained by the two techniques could 
be found: 54.6% 4-11% (99mTc-Sestamibi) vs 58.3% 4- 
15.5%. 

Right ventricular ejection fraction 

Comparison of the right ventricular ejection fraction cal- 
culated with first-pass radionuclide angiocardiography 
using 99mTc-Sestamibi and a reference tracer showed an 
acceptable correlation: r = 0.712 (P<  0.001) (Fig. 4), and 
the two sets of values were not significantly different: 
42.6% _+ 7.7% (99mTc-Sestamibi) vs 41.7% _+ 7.2%. For 
comparison of the 99mTc-Sestamibi first-pass studies 
with the results of equilibrium angiocardiography, once 
again only the data obtained using right anterior oblique 
or anterior projection were considered (15 cases). The 
calculated values were not significantly different: 
45.5% + 7.6% (99mTc-Sestamibi) vs 44.4% _+ 5.9%, and 
showed a satisfactory correlation: r = 0.783 (P < 0.00a) 
(Fig. 5). 

Discussion 

Radionuclide angiocardiography, performed using ei- 
ther the first-pass or gated equilibrium technique, allows 
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Fig. 4. Comparison of right ventricular ejection fraction (RVEF) 
measured using first-pass radionuclide angiocardiography per- 
formed with a reference tracer (FP) and with 99mTc-Sestamibi: 
n=22,  r=0.712 
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Fig. 5. Comparison of right ventricular ejection fraction (RVEF) 
measured using gated equilibrium radionuclide angiocardiography 
(EGRA) and first-pass radionuclide angiocardiography with 99mTc- 
Sestamibi : n = 15, r = 0.783 

an accurate and reproducible evaluation of both left and 
right ventricular function, by means of various quantita- 
tive parameters, chiefly the ejection fraction, and of the 
visualization of the ventricular wall motion pattern (Fol- 
land et al. 1977; Wackers et al. 1979; Jones et al. 1981). 
Several reports stress the value of a functional evaluation 
of the cardiac performance, in particular with prognostic 
stratification (Borer et al. 1980, 1987; Sanz et al. 1982; 
Corbett etal. 1983; De Pace etal. 1983; Grodzinski 
et al. 1985; Iskandrian et al. 1985; Multicenter Postin- 
farction Research Group 1986; Jones 1987). Since the 
strict relation between perfusion and function abnormal- 
ities has been demonstrated, the assessment of both of 
them would be highly desirable (Bodenheimer et al. 
1978; Massie etal. 1978; Rozanski etal. 1981) and 

would naturally be more accurate if simultaneously per- 
formed (Mena et al. 1984), as well as having the further 
advantage of reducing the radiation burden to the pa- 
tient. Using 2°tT1 as a perfusion tracer, functional as- 
sessment was possible only by performing a radionuclide 
angiocardiography during a separate study. The avail- 
ability of Sestamibi, an isonitrile derivative labelled with 
99mTc, which allows good quality perfusion imaging 
(McKusick etal. 1986; Maddahi etal. 1987; Okada 
et al. 1988; Kiat et al. 1989), opened the way to a com- 
bined assessment of perfusion and function by taking 
a first-pass radionuclide angiocardiography as the perfu- 
sion tracer is injected (Schelbert 1987). However, an 
evaluation of the study quality possible with 99mTc-Ses- 
tamibi was necessary, since the influence of lung and 
myocardial uptake on background activity has been ob- 
served (Baillet et al. 1989). A comparison of results ob- 
tained with 99mTc-Sestamibi with those using the estab- 
lished tracers, such as sodium pertechnetate Tc 99m or 
99mTc-DTPA, and with other accepted non-invasive ref- 
erence techniques, particularly equilibrium radionuclide 
angiocardiography, was therefore mandatory. This was 
the aim of the present study, planned as part of a more 
extensive and complete evaluation of the reliability of 
99mTc-Sestamibi for perfusion myocardial scintigraphy. 

According to our results, the left ventricular ejection 
fraction values obtained with first-pass radionuclide an- 
giocardiography using 99mTc-Sestamibi were compara- 
ble with those from the established tracers, as reported 
by Baillet et al. (1989). This is true independent of the 
examination technique used. On the other hand, the 
comparison with equilibrium radionuclide angiocardio- 
graphy also yields good results, which are comparable 
with those obtained using the traditional tracers (Fol- 
land et al. 1977; Wackers et al. 1979; Kaul et al. 1984; 
Knesewitsch et al. 1986). For this comparison it is natu- 
rally necessary to take into account only the first-pass 
studies performed using a correct projection, such as 
right anterior oblique or anterior (Wackers 1987; De 
Puey 1988; Holman 1988), since the absolute value of 
a left ventricular ejection fraction calculated starting 
from a left anterior oblique projection is unreliable. The 
same is true when the first-pass ejection fraction has 
to be compared with another reference method such as 
contrast ventriculography. In this regard, our results 
were less satisfying when compared with already pub- 
lished data (Jengo etal. 1978; Iskandrian etal. 1981; 
Gal et al. 1986). This can be partly explained by the 
longer time interval which elapsed between the first-pass 
and this particular comparison method in our study 
group (Cohn et al. 1974; McAnulty et al. 1974), by the 
fact that the quantitative assessment of contrast ventri- 
culography was not performed according to a specific 
protocol but as part of the routine left heart catheteriza- 
tion procedure (Rogers et al. 1979) and by the presence 
in the study group of patients with poor left ventricular 
function (Iskandrian et al. 1982). The absence of any 
significant difference between the values calculated with 
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the two methods,  however,  allows one to exclude a sys- 
tematic error  in the results o f  99mTc-Sestamibi first-pass 
angiocard iography.  

Also, the right ventricular ejection fract ion which 
was obta ined using 99m-Sestamibi correlates with bo th  
the data  at tained using first-pass with other  tracers and 
those o f  equil ibrium radionucl ide angiocard iography.  
Again,  only the 99mTc-Sestamibi first-pass studies per- 
fo rmed in a correct  project ion were considered. The ana-  
tomical  shape o f  the r ight ventricle makes  the ejection 
fract ion calculat ion more  difficult and justifies a lower 
level o f  correlat ion a m o n g  measures per formed in differ- 
ent studies or  with other  methods  (Maddahi  et al. 1979; 
M a n n o  et al. 1984). 

We may  conclude that  the evaluat ion o f  cardiac func- 
t ion with first-pass radionucl ide ang ioca rd iography  per- 
formed during the injection o f  99mTc-Sestamibi seems 
reliable and accurate.  The execution o f  combined  studies 
o f  perfusion and  function coupled with an appropr ia te  
stress test is the logical consequence o f  these prel iminary 
experiences. This approach  is certainly more  demanding  
than a simple perfusion scintigraphy, for  instance be- 
cause the gamma-c a m e ra  is occupied during the entire 
exercise test. Moreover ,  the use o f  a single-day pro tocol  
is no longer possible. Fur ther  studies are therefore neces- 
sary in order  to identify in which patients the use o f  
a combined  evaluat ion is worthwhile.  The s imultaneous 
assessment o f  perfusion and function,  even if per formed 
in selected cases only, appears  to be a no tewor thy  advan-  
tage offered by 99mTc-Sestamibi over 2°iT1. 

References 

Baillet GY, Mena IG, Kuperus JH, Robertson JM, French WJ 
(1989) Simultaneous technetium-99m MIBI angiography and 
myocardial perfusion imaging. J Nucl Med 30:38-44 

Bodenheimer M, Banka V, Fooshee C, Hermann GA, Helfant RH 
(1978) Relationship between regional myocardial perfusion and 
the presence, severity and reversibility of asynergy in patients 
with coronary heart disease. Circulation 58 : 789-795 

Borer JS, Rosing DR, Miller RH, Stark RM, Kent KM, Bacharach 
SL, Green MV, Lake CR, Cohen H, Holmes D, Donohue D, 
Baker W, Epstein SE (1980) Natural history of left ventricular 
function during I year after acute myocardial infarction: com- 
parison with clinical, electrocardiographic and biochemical de- 
terminations. Am J Cardiol 46:1-12 

Borer JS, Miller D, Schreiber T, Charash B, Gerling B (1987) 
Radionuclide cineangiography in acute myocardial infarction: 
role in prognostication. Sere NucI Med 12:89-94 

Cohn PF, Levine JA, Bergeron GA, Gorlin R (1974) Reproducibili- 
ty of the angiographic left ventricular ejection fraction in 
patients with coronary artery disease. Am Heart J 88:713- 
720 

Corbett JR, Nicod P, Lewis R, Rude RE, Willerson JT (1983) 
Prognostic value of submaximal exercise radionuclide ventricu- 
lography after myocardial infarction. Am J Cardiol 52: 82A- 
91A 

De Pace NL, Iskandrian AS, Hakki A, Kane SA, Segal BL (1983) 
Value of left ventricular ejection fraction during exercise in pre- 

dicting the extent of coronary artery disease. J Am Coll Cardiol 
1 : 1002-1010 

De Puey EG (1988) Evaluation of cardiac function with radionu- 
clides. In: Gottschalk A, Hoffer PB, Potchen EJ (eds) Diagnos- 
tic nuclear medicine. Williams & Wilkins, Baltimore, pp 355- 
398 

Folland ED, Hamilton GW, Larson SM, Kennedy JW, Willerson 
DL, Ritchie JL (1977) The radionuclide ejection fraction: a 
comparison of three radionuclide techniques with contrast an- 
giography. J Nucl Med 18:1159-1166 

Gal R, Grenier RP, Carpenter J, Schmidt DH, Port SC (1986) 
High count rate first-pass radionuclide angiography using a 
digital gamma camera. J Nucl Med 27:198-206 

Gerson MC (1987) Myocardial perfusion imaging: kinetics and 
planar methods. In: Gerson MC (ed) Cardiac nuclear medicine. 
McGraw-Hill, New York, pp 1-24 

Grodzinski E, Fentrop T, Scharf-Bornhofen E, Keller T, Bierck 
G, Borer JS, Schoob W, Blfimchen G (1985) Bedeutung der 
Auswurffraktion (EF) in Ruhe und bei Belastung mit Hilfe der 
Radionuklidventrikulographie (RNVA) fiir die Prognose von 
Herzinfarkt Patienten. Z Kardiol 74:525-530 

HoIman BL (1988) Nuclear cardiology. In: Braunwald E (ed) Heart 
disease. WB Saunders, Philadelphia, pp 311-355 

Iskandrian AS, Hakki AH, Kane SA, Segal BL (1981) Quantitative 
radionuclide angiography in the assessment of hemodynamic 
changes during upright exercise: observations in normal sub- 
jects, patients with coronary artery disease, and patients with 
aortic regurgitation. Am J Cardiol 48 : 239-246 

Iskandrian AS, Segal BL, Kane SA, Hakki AH, Brice C (1982) 
Assessment of left ventricular function by first-pass radionu- 
clide angiography in patients with poor left ventricular func- 
tion. Cathet Cardiovasc Diagn 8:163-172 

Iskandrian AS, Hakki AH, Goel IP, Mundth ED, Kane Marsch 
SA, Schenk CL (1985) The use of rest and exercise radionuclide 
ventriculography in risk stratification in patients with suspected 
coronary artery disease. Am Heart J 110:864-872 

Jansholt Anderson A-L (1988) Cardiovascular radiopharmaceuti- 
cals. In: Lyons KP (ed) Cardiovascular nuclear medicine. Ap- 
pleton & Lange, Norwalk, pp 21-51 

Jengo GA, Mena I, Blaufuss A, Criley JM (1978) Evaluation of 
left ventricular function (ejection fraction and segmental wall 
motion) by single pass radioisotope angiography. Circulation 
57 : 326-332 

Jones HR (1987) Use of radionuclide measurements of left ventric- 
ular function for prognosis in patients with coronary artery 
disease. Sem Nucl Med 12: 95-103 

Jones RH, McEwan P, Newman GE, Port S, Rerych SK, Scholz 
PM, Upton MT, Peter CA, Austin EH, Leong K, Gibbon R, 
Cobb FR, Coleman RE, Sabiston DC (1981) The accuracy 
of diagnosis of coronary artery disease by radionuclide mea- 
surement of left ventricular function during rest and exercise. 
Circulation 64:586-601 

Kaul S, Boucher CA, Okada RD, Newell JB, Strauss HW, Pohost 
GM (1984) Sources of variability in the radionuclide anglo- 
graphic assessment of ejection fraction: a comparison of first- 
pass and gated equilibrium techniques. Am J Cardiol 53:823- 
828 

Kiat H, Maddahi J, Lynne TR, Van Train K, Friedman J, Resser 
K, Berman DS (1989) Comparison of technetium 99m methoxy 
isobutyl isonitrile and thallium 201 for evaluation of coronary 
artery disease by planar and tomographic methods. Am Heart 
J 117:1-11 

Knesewitsch P, Kleinhans E, B/ill U (1986) Combined evaluation 
of first-pass radionuclide angiography and equilibrium radionu- 



183 

clide ventriculography in the diagnosis of coronary artery dis- 
ease. I. Results at rest. Eur J Nucl Med 12:115-119 

Leppo JA, Boucher CA, Okada RD, Newell JB, Strauss HW, Po- 
host GD (1982) Serial thallium-201 myocardial imaging after 
dipyridamole infusion: diagnostic utility in detecting coronary 
stenoses and relationship to regional wall motion. Circulation 
66:649-657 

Maddahi J, Berman DS, Matsuoka DT, Waxman AD, Stankus 
E, Forrester JS, Swan HJC (1979) A new technique for assessing 
right ventricular ejection fraction using rapid multi-gated equi- 
librium cardiac blood pool scintigraphy: description, valida- 
tion, and findings in chronic coronary artery disease. Circula- 
tion 60: 581-589 

Maddahi J, Merz R, Van Train KF, Roy L, Wong C, Berman 
DS (1987) Quantitative comparison of planar and tomographic 
Tc-99m MIBI (RP30) and T1-201 myocardial perfusion scinti- 
graphy in patients with coronary disease for perfusion defect 
intensity and defect reversibility. J Am Coll Cardiol 9: 27A (ab- 
stract) 

Manno BV, Iskandrian AS, Hakki AH (1984) Right ventricular 
function: methodotogic and clinical considerations in noninva- 
sive assessment. J Am Coll Cardiol 3:1072-1081 

Massie BM, Botvinick EH, Brundage BH, Greenberg B, Shames 
D, Gelberg H (1978) Relationship of regional myocardial perfu- 
sion to segmental wall motion. A physiologic basis for under- 
standing the presence and reversibility of asynergy. Circulation 
58:1154-1163 

McAnulty JH, Kremkau EL, Rosch J, Hattenhauer MT, Rahim- 
toola SH (1974) Spontaneous changes in left ventricular func- 
tion between sequential studies. Am J Cardiol 34: 23-28 

McKusick SA, Holman BL, Jones AG, Davison A, Rigo P, Sporn 
V, Vosberg H, Moretti J (1986) Comparison of three Tc-99m 
isonitriles for detection of ischemic heart disease in humans. 
J Nucl Med 27:878 (abstract) 

Melin JA, Piret L J, Vanbutsele RJM, Rousseau MF, Cosyns J, 
Brasseur LA, Beckers C, Detry JMR (1981) Diagnostic value 
of exercise electrocardiography and thallium myocardial scin- 
tigraphy in patients without previous myocardial: a bayesian 
approach. Circulation 63 : 1019-1024 

Melin JA, Wijns W, Vanbutsele RJ, Robert A, De Coster P, Bras- 
seur LA, Beckers C, Detry JM (1985) Alternative diagnostic 
strategies for coronary artery disease in women: demonstration 

of the usefulness and efficiency of probability analysis. Circula- 
tion 71 : 535-542 

Mena I, Narahara KA, Maublant JC, Brizendine M, Criley JM 
(1984) Simultaneous maximal exercise radionuclide angiogra- 
phy and thallium stress perfusion imaging. Am J Cardiol 
53:812-817 

Multicenter Postinfarction Research Group (1986) Risk stratifica- 
tion and survival after myocardial infarction. N Engl J Med 
309:331-336 

Okada RD, Boucher CA, Strauss HW, Pohost GM (1980) Exercise 
radionuclide imaging approaches to coronary artery disease. 
Am J Cardiol 46:1188-1204 

Okada RD, Glover D, Gaffney T, Williams S (1988) Myocardial 
kinetics of technetium-99m-hexakis-2-methoxy-2-methylpro- 
pyl-isonitrile. Circulation 77: 491498 

Rogers W J, Smith LR, Hood WP Jr, Mantle JA, Rackley CE, 
Russel RO Jr (1979) Effect of filming projection and interob- 
server variability on angiographic biplane left ventricular vol- 
ume determination. Circulation 59:96-104 

Rozanski A, Berman DS, Gray R, Levy R, Raynaud M, Maddahi 
J, Pantaleo N, Waxman AD, Swan HJC, Matloff J (1981) Use 
of thallium-201 redistribution scintigraphy in the preoperative 
differentiation of reversible and nonreversible myocardial asyn- 
ergy. Circulation 64:936-944 

Sanz G, Castanet A, Betriu A, Magrifia J, Rois E, Coll S, Par6 
JC, Navarro L6pez F (1982) Determinants of prognosis in 
survivors of myocardial infarction. N Engl J Med 306:1065- 
1070 

Schelbert HR (1987) Current status and perspectives of new radio- 
nuclides and radiopharmaceuticals for cardiovascular nuclear 
medicine. Sem Nucl Med 17:145-181 

Uhl GS, Kay TN, Hickmann JR (1981) Computer-enhanced thal- 
lium scintigrams in asymptomatic men with abnormal exercise 
tests. Am J Cardiol 48:1037-1043 

Wackers FJT (1987) First-pass radionuclide angiocardiography. 
In: Gerson MC (ed) Cardiac nuclear medicine. McGraw-Hill, 
New York, pp 53-66 

Wackers FJT, Berger H J, Johnstone DE, Goldman L, Reduto LA, 
Langou RA, Gottschalk A, Zaret BL (1979) Multiple gated 
cardiac blood pool imaging for left ventricular ejection fraction: 
validation of the technique and assessment of variability. Am 
J Cardiol 43:1159-1166 


