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Abstract. Determination of the severity of coronary artery 
disease (CAD) by single photon emission computed tomog- 
raphy (SPECT) imaging has previously been shown to have 
greater sensitivity, specificity, and accuracy when per- 
formed with pharmacologic stress using high-dose dipyri- 
damole (HDD), than by standard dose dipyridamole (SDD) 
or exercise stress (EST) prior to SPECT imaging. The use of 
lung-to-heart (L:H) ratios has been shown to be valuable in 
determining the presence or absence of left main (LM) or 
triple vessel (3V) CAD. Fifty-four patients were studied; 
HDD (n = 40) or EST (n = 14) was used for the study. 
These patients underwent L:H ratio analysis, in which an- 
terior views were used 5-10 minutes after the injection of 3 
mCi of T1-201. Results of the L:H ratios were compared 
with the diagnosis of epicardial CAD, as determined by 
coronary (CA) arteriography. Patients who were "stressed" 
using either HDD or EST demonstrated statistically greater 
(p < 0.001) L:H ratios if they had LM/3V CAD when com- 
pared with patients who had 0-2 significantly stenosed 
coronary arteries. Though L:H ratios were greater when 
HDD pharmacologic stress was used, there was no statisti- 
cal (p -- NS) differences between the two groups. Increased 
L:H ratios with HDD and EST provide excellent markers 
for LM/3V CAD using T1-201 imaging. Coupled with pre- 
viously reported SPECT data, the use of HDD shows promise 
for increasing the diagnostic accuracy of SPECT imaging. 

Introduction 

Utilization of thallous-201 chloride (T 1-201) for myocardial 
perfusion imaging (MPI) dates back to the early to mid- 
1970s. The use of T1-201 and other monovalent cations 
(potassium, rubidium, ammonia, and cesium) is based on 
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Sapirstein's principle, that with increased myocardial blood 
flow (MBF) changes in extraction fractions occur. For most 
physiologic conditions the extraction fraction for T1-201 ap- 
proaches 85-90%, making it in some respects ideal for MPI. 

Since the initiation of MPI in the early 1970s it has been 
recognized that one of the potential problems lies in the 
detection of "severe" triple-vessel coronary artery disease 
(CAD) where significant reductions in tracer activity result 
either in inadequate image acquisition for interpretation 
(poor count statistics), or the necessary adjustments in im- 
age quality can result in false negative reports, where en- 
hancement of images yields results that appear to be normal. 
Previous work with conventional single photon emission 
computed tomography (SPECT) has reported varying de- 
grees of sensitivity, specificity, and accuracy, depending on 
the isotope used [1-13], reader experience [10,14], and type 
of stress protocol employed [ 15,16]. Work with pharmaco- 
logic stress using dipyridamole date back to the 1970s when 
standard dosing protocols were initially studied. Work since 
then has primarily focused on standard dose dipyridamole 
(SDD) and agents such as adenosine. 

The Coronary Artery (CASS) Surgery Study- [17] demon- 
strated that individuals suffering from left main (LM) or 
triple vessel (3V) CAD may benefit from coronary revas- 
cularization (CABG) procedures. Individuals with LM/3V 
CAD frequently demonstrate evidence of left ventricular 
(LV) dysfunction which results in increased pulmonary cap- 
illary occlusion pressure (PCOP). When these same indi- 
viduals are studied with T1-201, there is an increased uptake 
of T1-201 in the pulmonary parenchyma. This results in an 
increased lung-to-heart (L:H) ratio 5-10 minutes after T1- 
201 administration and cessation of exercise [18-22]. 

Increased L:H ratios have also been seen when SDD [23] 
is used to "stress" the patient, but has not been studied 
using high dose dipyridamole (HDD) "stress." In 1995 [15] 
HDD SPECT imaging was reported for the first time. In this 
study [15] statistically better results were demonstrated 
when SPECT imaging was completed following pharmaco- 
logic stress using HDD, when compared with the results of 
SPECT imaging following exercise stress (EST) testing. 
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Fig, 1. Stress protocols. All patients underwent one of two "stress" protocols prior to receiving T1-201 beff)re acquiring L:H ratios and SPECT imaging. 
HDD was given over 4 minutes with T1-201 given at peak dipyridamole effect 2 minutes after completion of infusion. Aminophylline was used when 
necessary for reversal of symptoms or ECG changes. Anterior imaging was used for L:H ratio analysis 5-10 minutes after TI-201 administration. EST was 
continued until symptom or ECG limitation, as noted in the text, with TI-201 given I minute prior to cessation of exercise. Anterior planar image acquisition 
for L:H imaging was started 5-10 minutes after T1-201 administration. Sublingual nitroglycerin was given if discontinuation of exercise did not produce 
satisfactory improvement, or with HDD if symptoms and/or ECG changes did not reverse with intravenous aminophylline. The protocol for dobutamine 
is also shown, but discussed elsewhere. 

M a r t i n  e t  al. [241] r e p o r t e d  i n c r e a s e d  e c h o c a r d i o g r a p h i c  ac-  
c u r a c y  f o l l o w i n g  a H D D  p r o t o c o l .  In  ou r  cu r r en t  s tudy ,  w e  
i n v e s t i g a t e d  t h e  d i f f e r e n c e s  in L : H  ra t ios  f o l l o w i n g  p h a r -  
m a c o l o g i c  s t ress  w i t h  H D D  a n d  a f te r  E S T  to d e t e r m i n e  i f  
d i f f e r e n c e s  e x i s t e d  in  t he  d e t e c t i o n  o f  L M / 3 V  C A D  as  c o m -  
p a r e d  w i t h  " l e s s  s e v e r e "  d i s ea s e .  

Methods 

Study Patients 

Fifty-four patients with angina agreed to participate in the study. Of these, 
40 were studied using HDD (19 men, 21 women) and 14 (12 men, 2 
women) underwent EST prior to L:H ratio analysis and subsequent SPECT 
imaging. Participants ranged in age from 41 to 89 years and included a total 
of 31 men and 23 women. All patients enrolled in this study underwent 
pharmacologic or exercise stress as described below, followed by the in- 
travenous administration of T1-201. Patients were not allowed to partici- 
pate in the study if they were medically unstable, had "severe" aortic 
stenosis, had a cardiomyopathy, or were pregnant. 
All medications that could blunt heart rate and/or blood pressure response 

were discontinued 36 hours prior to the study; this included slow calcium 
channel antagonists, beta-blocking agents, and nitrates. Subjects began 
fasting 12 hours prior to the study to optimize coronary artery blood flow 
and minimize gastrointestinal blood flow. 

Coronary Arteriography 

Coronary arteriograms (CAs) were performed without interventional pro- 
cedures being performed before the L:H study. The determination of the 
severity of CAD was made via consensus reading of two angiographers. In 
the event of disagreement, a third reader established agreement about the 
severity of stenotic lesions. A stenosed coronary artery was defined as 
significantly stenosed if it had ->50% diameter stenosis (% DS) which 
reflected a stenosis flow reserve (SFR) of 3.6 or less [25]. 

Physical (EST) and Pharmacologic (HDD) Stress 

Exercise stress testing (EST) was used to stress 14 people. This provided 
an independent assessment of L:H ratios for baseline purposes rather than 
relying on literature results not matched to this study. Subjects were ex- 

ercised using the "Bruce" protocol until they reached 100% of their maxi- 
mum predicted heart rate (MPHR) or where stopped secondary to symp- 
toms (angina, dyspnea, leg pain, or fatigue) or electrocardiographic (ECG) 
changes consistent with ischemia. One minute prior to the discontinuation 
of exercise, 3.0 mCi of T1-201 was given intravenously, as shown in 
Figure 1. If necessary, nitroglycerin (NTG) was given to relieve angina or 
ST changes detected by ECG monitoring. ECG, blood pressure, and heart 
rate were monitored during the entire study. 

The 40 patients who received dipyridamole stress were given 60 cc of 
HDD saline (NS) solution intravenously at 0.852 mg/kg over a period of 4 
minutes. Two minutes later at peak dipyridamole effect, 3.0 mCi of T1-201 
was injected, with L:H ratios later determined following acquisition from 
the anterior view, which occurred 5-10 minutes after thallium was given. 
Like patients undergoing EST, patients were monitored throughout the 
study. If the patients became symptomatic or developed ECG changes 
consistent with ischemia, intravenous aminophyIline was given 1-2 min- 
utes after receiving T1-201 to reverse the dipyridamole [15] effect. 

Thallium-201 lmaging and L:H ratios 

For each form of stress (EST, HDD), patients were given 3 mCi of T1-201 
either at peak effect (HDD) or 1 minute (EST) prior to cessation of stressor. 
These two approaches are illustrated in Figure 1. Five to 10 minutes after 
the infusion of T1-201, the SPECT camera was positioned in the anterior 
view position where the image occurred. This image was then used to 
determine regions of interest (ROIs) as shown in Figure 2, with identical 
ROIs used to compared (counts) lung and heart activity. The L:H ratio was 
then calculated as shown below in equation 1. Following the initial anterior 
view used for acquisition of L:H analysis, SPECT imaging was performed 
as previously [15] described. 

lung activity (counts) 
L:H ratio = Eq 1. 

heart activity (counts) 

Statistical Analysis 

The results of L:H ratios were compared with the number of diseased 
(~50%DS) epicardial coronary arteries, as determined by CA. The results 
of L:H ratios were then compared graphically, with differences between 
groups compared [26] by the student's two-tailed nonmatched t-test. 

Results 

L u n g - t o - h e a r t  r a t ios  w e r e  g r e a t e r  t h a n  0.5 in all  p a t i en t s  
w i t h  e i t h e r  L M  o r  3 V  C A D  w h o  u n d e r w e n t  H D D  i m a g i n g  
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Fig. 2. Regions of interest (ROIs) for Lung-to-tteart ratio analysis. L:H 
ratios were calculated after completing anterior view acquisition of T1-201. 
This acquisition begins 5-10 minutes alter intravenous injection of T1-201, 
allowing sufficient time for clearance of the thallium from the blood pool. 
ROIs are drawn over a normal-appearing region of myocardium with a ROI 
drawn over the lung fields which represents the exact same number of 
pixels as that drawn over the left ventricle. 

with T1-201. As Table 1 and Figm'e 3 show these patients 
had statistically greater (p < 0.001) L:H ratios than did 
patients with 2 vessel (2V) or 1 vessel (1V) CAD. Results 
were also statistically greater (p < 0.001) than for those who 
had no (0V) significant CAD. As shown in Table 1, patients 
with LM/3V CAD had statistically greater (p < 0.001) L:H 
ratios than all other patients (HDD 0-2V) combined. 

Patients undergoing EST also demonstrated L:H ratios 
greater than 0.5 if they had either LM/3V CAD. As shown 
in Table 1, the L:H ratios of patients with LM/3V CAD 
were statistically greater than those noted for patients with 
2V (p < 0.001), 1V (/9 < 0.001), or 0V (p < 0.001) CAD. 
Like patients "stressed" with HDD, the presence of LM/3V 
CAD was associated with a statistically (p < 0.001) greater 
L:H ratio than patients with 0-2V CAD. 

The L:H ratios for patients with LM/3V CAD undergoing 
pharmacologic stress with HDD were greater than for simi- 
lar patients stressed by EST, however, they were not statis- 
tically (p = NS) greater. 

D i s c u s s i o n  

Differences in L:H ratios (LM/3V vs 0-2V CAD) were 
unrelated to differences in pharmacologic response to HDD. 
Similarly, patients stressed via EST achieved satisfactory 
double products (BP x HR) so as to exclude limitations in 
exercise capacity as a contributing factor to differences ob- 
served in this study. The incidence of  side effects was not 
different from that reported previously [15]. All patients 
tolerated pharmacologic stress without difficulty. 

Patients undergoing either HDD or EST demonstrated sta- 
tistically increased L:H ratios if they had LM/3V CAD. The 
results for EST have been reported previously in the litera- 
ture although protocols frequently stop at 85% MPHR and 
reveal the L:H ratio cutoff as 0.50. The results for L:H ratios 
following stress with HDD has not previously been re- 

T a b l e  1. Two-tailed nonmatched t-test results of  L:H ratios ~br different 
groups 

Group 1 Group 2 Level of Statistical 
(Average L:H Ratio) (Average L:H Ratio) Significance 

HDD LM/3V (0.62) HDD 2V (0.48) p --< 0.001 
HDD LM/3V (0.62) HDD 1V (0.48) p --< 0.001 
HDD LM/3V (0.62) HDD 0V (0.48) p --< 0.001 
HDD LM/3V (0.62) HDD 0--2V (0,48) p --< 0,001 
EST LM/3V (0.62) EST 2V (0,59) p --< 0.001 
EST LM/3V (0,62) EST 1V (0.43) p --< 0.001 
EST LM/3V (0,62) EST 0V (0.43) p ~< 0,001 
EST LM/3V (0.62) EST 0-2V (0.45) p ~< 0,001 
HDD LM/3V (0.62) EST LM/3V (0.62) p = NS 

p = NS is not statistically significant. 

/ 
0.7 

0 . 6  

o i i/ 
o 
; ,  o.5 
4 

0.45 

0 . 4  I .... i i t 

LM-3V 2V 1V O-2V 

N u m b e r  o f  srter ie= w i t h  :. 50% D g  

Fig. 3. Lung to heart ratios following infusion with high-dose dipyri- 
damole. The L:H ratio is shown for LM/3V (LM-3V), 2 vessel (2V), 1 
vessel (1V), and 0-2 vessel (0-2V) CAD. All L:H ratios are greater than 
0.5 for patients with LM/3V CAD. 

ported. The results for L:H ratios after HDD appear to be 
more promising than for SDD infusions which were previ- 
ously reported as similar to EST using L:H ratios of  0.50 as 
the cutoff for LM/3V CAD. 

Differences between L:H ratios in individuals with 0 -2V 
CAD were not statistically significant between HDD and 
EST approaches. This is consistent with the literature pre- 
viously published for both SDD and the 85% MPHR ap- 
proach to EST, which would suggest that patients with 0 -  
2V CAD may not have sufficient LV dysfunction to pro- 
duce elevations in L:H ratios when they are presenting for 
evaluation of  "angina."  Patients experiencing acute myo- 
cardial infarction (AMI) may demonstrate elevated L:H ra- 
tios if sufficient LV dysfunction occurs as a result of  the 
AMI to increase the PCOP. 

C o n c l u s i o n  

Lung:heart ratios were statistically different between indi- 
viduals with LM/3V CAD and patients with 0 -2V CAD 
who were studied with either HDD or EST. Previous work 
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[15] demonstrated that the use of HDD yielded statistically 
greater sensitivity, specificity, and accuracy with SPECT 
imaging than SPECT results obtained following EST or 
SDD. The addition of L:H ratios with HDD adds potentially 
useful information in the setting of LM/3V CAD where 
poor count statistics might result in false negative reporting 
of SPECT results. The addition of L:H ratios yields supple- 
mental diagnostic information about the function (or dys- 
function) of the left ventricle. 

Patients with LM/3V CAD have previously been shown 
[ 17] to benefit from revascularization procedures, primarily 
CABG surgery. Given the results of this study, the use of 
L:H ratios could be helpful in deciding which patients 
should be referred for further diagnostic evaluation and by- 
pass surgery. Further work should be done to determine if 
combining the use of stress-reinjection T1-201 [15] ap- 
proaches, in addition to looking at differences in L:H ratios 
with HDD and EST, can yield similar results to that seen 
with positron emission tomography (PET) evaluations of 
myocardial viability. More work is needed in this area, in- 
cluding investigating other SPECT and PET imaging 
agents. 
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