
I 
IIIII 
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Yasutsugu Naitoh 
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To test whether the analysis of lung uptake is worth adding 
to the interpretation of exercise thallium-201 (2°1TI) emis- 
sion computed tomography (ECT), a lung/heart ratio of 
2°1TI uptake was measured from an anterior image during 
ECT in 25 clinically normal (Group 1), 91 angiographically 
normal (Group 2), and 265 subjects with coronary artery 
disease (Group 3). The mean +2 s.d. of ratios in Groups 
1 and 2 were the same (0.37). In Group 3, 80 subjects 
(30%) with increased ratios (>0.37) had higher frequencies 
of prior infarction and multi-vessel disease, more severe 
left ventricular dysfunction, and 2°1TI defects than 185 
subjects with normal ratios. Subjects with markedly in- 
creased ratios (>0.45) had three-vessel disease more fre- 
quently than those with slightly or moderately increased 
ratios (67% versus 14% or 35%). Thus the measurement 
of lung/heart ratios may provide information regarding the 
severity of coronary artery disease and should be added 
to the routine interpretation of exercise ECT. 
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E x e r c i s e  thallium-201 (2O,T1) myocardial scintigra- 
phy is one of the most widely used techniques for the 
evaluation of coronary artery disease (CAD). It has 
been utilized not only to detect the presence of CAD, 
but also to determine high-risk patients. In planar -'°~T1 
imaging, increased lung 2°~TI uptake in multiple areas 
showing redistribution and multiple severe perfusion 
defects have been shown to be a marker of severe CAD 
and to predict adverse prognosis (I-7). Above all, the 
quantitatively assessed lung/heart ratio of 20 ~Tl activity 
has been reported to be the most important predictor 
of future cardiac events among electrocardiographic, 
scintigraphic, and angiographic variables in ambulatory 
symptomatic patients with CAD (6). 

Exercise emission computed tomography (ECT) with 
2°~T1 is being increasingly used in the clinical setting. It 
has been shown to improve the accurate identification 

Received April. 11, 1990; revision accepted Sept. 12, 1990 
For reprints contact: Chinori Kurata, MD, The Third Department of 

Intemat Medicine, Hamamatsu University School of Medicine, 3600 Handa- 
cho, Hamamatsu 431-31, Japan. 

of CAD as compared to planar imaging (8-11). The 
value of analysis of lung 2°~Tl uptake in ECT, however, 
has not been established. Recently, Kahn et al. (12) 
reported that the measurement of lung 2°'Tl uptake 
from the anterior projection image obtained during 
ECT may not provide supplementary information re- 
garding the extent of myocardial ischemia or ventricular 
dysfunction. Their observation in the ECT images is 
different from that in the planar images, which has been 
confirmed by many previous reports (13-20). It may 
require further investigation before the value of meas- 
urement of lung 2°~Tl uptake in the ECT images can be 
denied. To examine whether the quantitative measure- 
ment of lung 2°~T1 uptake is worth adding to the routine 
interpretation of exercise ECT with 2°'T1, we quantita- 
tively evaluated lung 2°JTI uptake in subjects with and 
without CAD. 

MATERIALS AND METHODS 

Study Population 
The following study groups were selected from 700 consec- 

utive subjects who underwent exercise 2°'Ti ECT in our nu- 
clear cardiology laboratory. Group I consisted of 25 clinically 
normal subjects who were considered to have a very low 
probability (<5%) for CAD based on demographics and risk 
factors. The Group l subjects showed normal rest and exercise 
electrocardiography and did not undergo coronary angiogra- 
phy. Group 2 consisted of 91 subjects who had been referred 
to our hospital for evaluation of chest pain but who had no 
abnormalities in clinical evaluations including coronary an- 
giography and left ventriculography. Group 3 consisted of 265 
subjects with angiographically documented CAD. All subjects 
provided informed consent for the clinically indicated study. 

Cardiac Catheterization 
Group 2 and 3 subjects underwent coronary angiography 

and left ventriculography. Angiographically documented CAD 
was defined as a >_-75% luminal narrowing of one or more 
major coronary arteries or their major branches, based on the 
visual evaluation of two experienced angiographers. Left ven- 
tricular ejection fraction (LVEF) at rest was calculated by the 
area-length method and left ventricular end-diastolic pressure 
(LVEDP) was measured at rest. 
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Exercise Testing 
All subjects underwent symptom-limited, maximal exercise 

testing on an upright bicycle ergometer in a fasting state. The 
exercise end points included moderate-to-severe chest pain, 
shortness of breath, leg fatigue, hypotension, or frequent ven- 
tricular arrhythmias. At peak exercise, 3.5 mCi of 2mTl were 
injected intravenously and subjects were encouraged to con- 
tinue exercising for an additional 30-60 sec. The ischemic 
depression of ST segments was defined as either horizontal or 
downsloping depression that was _>-0.1 mV below the baseline 
0.08 second after the J point. 

Image Acquisition 
Myocardial images were obtained with a large field of view 

rotating gamma camera (ZLC 7500, Siemens Gammasonics, 
Inc., Des Plaines, IL) equipped with a high-resolution, parallel- 
hole collimator and interfaced with a computer system (Scin- 
tipac 2400, Shimadzu Corp., Kyoto. Japan). Thirty-two pro- 
jections over 180* from the 45* right anterior oblique position 
to the 45* left posterior oblique position were acquired in a 
64 x 64 matrix of a 38-cm field of view for 20 sec per image. 
Initial imaging was begun within 10 min after completion of 
exercise. Delayed images were obtained 4 hr after injection. 
No attenuation or scatter correction was used. Orthogonai 
images were generated by oblique-angle reconstruction pro- 
ducing vertical long-axis, short-axis, and horizontal long-axis 
slices each 6 mm thick. 

ECT Analysis 
Initial and delayed ~°'TI ECT were analyzed with previously 

reported methods (21). Briefly, the uptake score of 2°iT! in 
the initial and delayed images was visually determined for 
each of the total nine myocardial segments according to a 
four-point scoring system: 3 = normal, 2 = mildly reduced, 
1 = moderately reduced, and 0 = markedly reduced. We 
defined initial and delayed scores of 2°~TI in each subject as 
the sum of uptake scores of total nine segments in the initial 
and delayed images, respectively. We also performed the 
circumferential profile analysis in the short-axis and vertical 
long-axis slices to calculate the washout rate of 2roT1. An 
abnormal washout rate was defined as less than two standard 
deviations below the mean normal value that had been estab- 
lished from 15 normal subjects. In each subject, we calculated 
the ,1 uptake score by subtracting the total uptake score of 
segments with an abnormal washout rate in the initial image 
from the total uptake score of the corresponding segments in 
the delayed image. 

Lung Thallium Uptake 
In the unprocessed anterior projection image (number 9 of 

32) acquired as pan of the initial imaging, the lung/heart ratio 
of"mTl activity was measured using a region of interest (ROD 
method. Separate square ROts of 5 x 5 pixels (3 x 3 cm) were 
defined for areas of the left upper lung and left ventricular 
myocardium (Fig. 1 ). The lung ROI was placed over the most 
intense lung activity in the region of which the base was five 
pixels above the basal anterolateral myocardial wall. The 
myocardial ROI was placed over the myocardial wall with the 
greatest count density. The lung/heart ratio was determined 
as the mean counts/pixel in the lung ROI divided by that in 
the myocardial ROI. 

Interobserver variability of measurements of the lung/heart 

ratio were determined by two independent observers in 30 
Group 3 subjects. To determine the relationship between the 
lung/heart ratio measured from the anterior ECT projection 
image and that measured from the conventional anterior 
planar image, an anterior planar image was obtained for 3 
min immediately after the routine ECT acquisition in 25 
subjects. During the conventional planar imaging, the gamma 
camera was placed as close as possible to the subject's chest. 
To determine the interval effect between the injection of 2mTl 
and image acquisition, anterior projection images were ob- 
tained for 20 sec at I0 min and 20 min after the injection of 
2mTt in 24 subjects. 

Statistical Methods 
Data were expressed as either mean _+ s.d. or as proportions. 

Proportions between two groups were compared by the chi- 
square test or the Fisher exact test. Mean data between two 
groups were compared by the Student's t-test. When test 
groups were not normally distributed, the nonparametric Wil- 
coxon t-test was applied. Differences between groups were 
considered significant at a p value of <0.05 (two-sided). Step- 
wise discriminant analysis was performed to determine which 
of the significant variables actually discriminated between 
subjects with CAD and an increased lung/heart ratio and 
those with CAD and a normal ratio. 

RESULTS 

Lung/Heart Ratio Measurements 
Figure 2 demonstrates the correlat ion of  lung/hear t  

ratios measured by two independent  observers. The 
lung/heart  ratio was a highly reproducible measure- 
ment  between observers (r = 0.97, p < 0.001, s.e.e. = 

0.021). The mean absolute difference between ratios 
obtained by the two observers was 0.016 + 0.014 with 
a range of 0.00-0.05. 

Figure 3 demonstrates  that  the lung/hear t  ratios 
measured from the anterior ECT projection image cor- 
related well with those from the convent ional  planar  
image (r = 0.95, p < 0.001, s.e.e. = 0.032). The mean  
absolute difference between the ratios measured from 
the anterior ECT projection image and from the con- 
ventional planar image was 0.022 _+ 0.023 with a range 
of 0.00-0.10. The absolute counts in the lung and 
myocardial  ROIs were 451 __+ 113 and 1461 ___ 419 
counts/25 pixels on the 20-see acquisition, and 3985 _+ 

Lung 

• V 

FIGURE 1 
A schematic illustration of an 
anterior projection image. A 
square ROI (Lung) of 5 x 5 
pixels is placed over the most 
intense lung activity in the 
region which is separated 
from the basal anterolateral 
myocardial wall by five pixels. 
Another square ROI (LV) is 
placed to cover the myocar- 
dial wall with the greatest 
count density. 

418 The Journal of Nuclear Medicine • Vol. 32 • No. 3 ° March 1991 



0,6- 

04 
0.4 

g~ 

O 0.2 

y=O.017+0.95x 
r =0.97 
1:)<0.001 
(N=30) 

y=x 

0 012 0:4 ' 016 

Observer 1 

FIGURE 2 
Correlation between the lung/heart ratios measured by two 
independent observers. 

971 and 12908 _ 3930 counts/25 pixels on the 3-min 
acquisition, respectively. 

The comparison between measurements on the first 
anterior image (for 20 sec, 10 rain after the injection of 
2°IT1) and on the second anterior image (for 20 sec, 20 
min after the injection) is shown in Figure 4. The 
absolute counts in the lung and myocardial ROls were 
490 _+ 115 and 1627 + 510 counts/25 pixels on the first 
acquisition and 439 _+ 96 and 1470 _+ 426 counts/25 
pixels on the second acquisition, respectively. While 
both the lung and heart uptakes of 2°~T1 decreased 
significantly from the first image to the second (p < 
0.001, respectively), the lung/heart ratio was not signif- 
icantly different between the first and second images 
(p > 0.05). 
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FIGURE 3 
Correlation between the lung/heart ratios measured from a 
conventional planar image (PLANAR) and the anterior projec- 
tion image acquired as part of the tomographic projection 
image set (ECT). 
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Changes from the first imaging (1 st) obtained 10 min postin- 
jection of ~°~TI to the second imaging (2nd) obtained 20 min 
postinjection. (A) Counts/pixel in the tung ROI (Lung uptake). 
(B) Counts/pixel in the heart uptake (LV). (C) Lung/heart ratio 
(L/H ratio). The vertical bars represent the mean _+ s.d. 
c/p = counts/pixel; NS = not significant (p > 0.05). 

Lung/Heart Ratio in Subjects Without CAD 
The lung/heart ratios were 0.279 +_ 0.044 in Group 

1 and 0.272 _+ 0.048 in Group 2 (Fig. 5). There was no 
significant difference in the mean lung/heart ratios of 
Group 1 and 2 subjects (p > 0.05). Furthermore, the 
mean +2 s.d. of lung/heart ratios in Group 1 and 2 
subjects were the same, i.e., 0.37. Therefore, the data 
combined from Group l and 2 subjects were analyzed 
as normals. 

In these 116 subjects consisting of 25 clinically nor- 
mal and 91 angiographically normal subjects, the lung/ 
heart ratio was similar in 60 males and 56 females (p > 
0.05) and did not correlate with age and peak systolic 
blood pressure during exercise testing (p > 0.05, respec- 
tively). On the other hand, the lung/heart ratio corre- 
lated weakly but significantly with peak heart rate (r = 
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Individual lung/heart (L/H) ratios for 25 clinically normal sub- 
jects (Group 1), 91 angiographically normal subjects (Group 
2), and 265 subjects with CAD (Group 3). The vertical bars 
represent the mean _ s.d. for each group. The dashed hori- 
zontal line represents a L/H ratio of 0.37 (mean +_ 2 s.d. of 
Groups 1 and 2). 
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FIGURE 6 
Correlation between the peak heart rate during exercise and 
the lung/heart (L/H) ratio in 116 subjects of Groups 1 and 2. 

-0.35, p < 0.00l) and peak rate-pressure product dur- 
ing exercise testing (r -- -0.33, p < 0.001). However, 
the lung/heart ratio varied considerably at the same 
level of peak heart rate (Fig. 6). 

L u n g / H e a r t  Ratio in Subjects  with C A D  
(Tables  1 and 2)  

The lung/hear t  ratio of Group 3 subjects was 
0,342 +_. 0.085 (Fig. 5) and was significantly higher than 
those of Group 1 and 2 subjects (p < 0.001. respec- 
tively). When the mean +2 s.d. of lung/heart ratios 
derived from 25 clinically normal subjects (0.37) was 
considered as the normal upper limit, 80 (30%) of 
Group 3 subjects showed an increased ratio. The highest 
ratio was 0.74 in a subject who had prior anterior and 
inferior myocardial infarctions with three-vessel disease 
and ventricular aneurysm (Fig. 7). 

When 80 subjects with an increased ratio were com- 
pared to 185 subjects with a normal ratio, there were 

TABLE 1 
Comparisons of Means between Normal and Increased 

Lung/Heart (L/H) Ratios in Subjects with CAD 

Normal L/H Increased L/H 
(n = 185) (n = 80) p 

i i  iiiii 3111 i1111 i i i  

Age (y.o.) 58.0 + 11.9 59.8 + 7.7 ns 
Peak HR (per min) 138 + 20 124 + 23 <0.001 
Peak sBP (mmHg) 182 + 29 158 ± 31 <0.001 
Peak RPP (×100) 252 +_ 63 197 _+ 58 <0.001 
No. of diseased 1.6 _+ 0.7 1.9 _+ 0.9 <0.01 

vessels 
LVEF (%) 62.4 _ 13,3 50.2 ± 16.1 <0.001 
LVEDP (mmHg) 12.7 _+ 5.3 16.7 _+ 6.0 <0.001 
Initial Z°lTI score 19.7 _ 5.2 15.4 ___ 5.0 <0.001 
Delayed 2°'TI score 22.4 _+ 4.0 18.5 -4- 5.2 <0.001 

uptake score 2.6 _+ 3.2 3.0 _± 2.8 ns 

Data are mean + s,d. 
HR = heart rate; LVEDP = left ventricutar end-diastolic pres- 

sure; LVEF = left ventricular ejection fraction; ns = not significant 
(p > 0.05); sBP = systolic blood pressure; and RPP = rate- 
pressure product. 

TABLE 2 
Comparisons of Proportions Between Normal and 

Increased Lung/Heart (L/H) Ratios in Subjects with CAD 

i i i i i i i i  

Male 
Prior infarction 
Site of prior infarct 

Anterior 
Inferior 

Chest pain 
ST depression 
ST elevation 
Multi-vessel disease 
Three-vessel disease 

Normal L/H Increased L/H 
(n = 185) (n = 80) p 

i i  

144 (78%) 69 (84%) ns 
123 (66%) 72 (90%) <0.01 

51 (28%) 31 (39%) ns 
48 (26%) 20 (25%) ns 
48 (26%) 33 (41%) <0.05 
76 (41%) 39 (49%) ns 
33 (18%) 21 (26%) ns 
76 (41%) 46 (58%) <0.05 
27 (15%) 28 (35%) <0.01 

Data are numbers of subjects (proportions). 
ns = not significant (p > 0.05). 

no significant differences in gender, age, and the fre- 
quency of ischemic depression of ST segment (p > 0.05, 
respectively). The frequency of prior myocardial infarc- 
tion was significantly higher in subjects with an in- 
creased ratio than in those with a normal ratio (p < 
0.01). The peak heart rate, peak systolic blood pressure, 
and peak rate-pressure product during exercise testing 
were significantly lower in subjects with an increased 
ratio than in those with a normal ratio (p < 0.001, 
respectively). The frequency of chest pain during exer- 
cise testing was significantly higher in subjects with 
an increased ratio than in those with a normal ratio 
(p < 0.05). 

The number of diseased coronary vessels was signif- 
icantly greater (p < 0.01 ), LVEF at rest was significantly 
lower (p < 0.001 ), and LVEDP at rest was significantly 
higher (p < 0.001) in subjects with an increased ratio 
than in those with a normal ratio. Multi-vessel and 
three-vessel diseases were significantly frequent in sub- 
jects with an increased ratio than in those with a normal 
ratio (p < 0.05 and p < 0.01, respectively). While the 
initial and delayed scores of-~mT1 myocardial uptake 
were significantly lower in subjects with an increased 

FIGURE 7 
Anterior projection image ac- 
quired as part of the tomo- 
graphic projection image set 
from a 62-yr-old man with 
prior myocardial infarction. 
He showed the highest lung/ 
heart ratio, 0.74. 
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ratio than in those with a normal ratio (p < 0.001, 
respectively), the A uptake score was similar in subjects 
with increased and normal ratios (p > 0.05). 

Stepwise Discriminant Analysis 
Using stepwise discriminant analysis, we analyzed 

the ten variables which were significantly different be- 
tween 185 subjects with a normal lung/heart ratio and 
80 with an increased ratio: 

1. Presence of a prior infarction. 
2. Chest pain during exercise testing. 
3. Peak heart rate. 
4. Peak systolic blood pressure. 
5. Peak rate-pressure product. 
6. Initial score of 2mT1. 
7. Delayed score of 2OlT1. 
8. Number of diseased vessels. 
9. LVEF. 

10. LVEDP. 

Only four variables discriminated between subjects 
with a normal lung/heart ratio and those with an in- 
creased ratio. The most important discriminator was 
LVEF (F = 49.77, p < 0.0001), followed by peak rate- 
pressure product (F = 27.16, p < 0.0001), initial score 
of2°~T1 (F = 11.86, p < 0.001), and LVEDP (F = 6.74, 
p < 0.05). 

Severity of Increased Lung/Heart Ratio and Three- 
Vessel Disease 

Global ischemia due to severe three-vessel disease 
could result in diminished 2°~T1 uptake in all areas of 
myocardium so that it would be difficult to detect three- 
vessel disease by 2°iT1 imaging. In patients with severe 
three-vessel disease, however, a lung/heart ratio may be 
markedly high even if multiple defects of 2°'T1 do not 
exist in three vascular territories. We therefore studied 
the relation between the degree of increased lung uptake 
and three-vessel disease to evaluate the supplementary 
information of measurements of lung 20] TI uptake. The 
degree of increased lung/heart ratios was classified into 
"slightly", "moderately," and "markedly." Slightly in- 
creased ratios were defined as >0.37 and =<0.41; mod- 
erately increased ratios were defined as >0.41 and 
-<0.45, and markedly increased ratios were defined as 
>0.45. The levels of 0.37, 0.41 and 0.45 were the mean 
+2 s.d., mean +3 s.d., and mean +4 s.d. of Group 1 
subjects, respectively. 

In 80 subjects with CAD and an increased lung/heart 
ratio (>0.37), 36 subjects (45%) had a slightly increased 
ratio, 20 (25%) had a moderately increased ratio, and 
24 (30%) had a markedly increased ratio. Figure 8 
demonstrates the incidence of three-vessel disease in 
three subgroups with slightly, moderately, and mark- 
edly increased ratios. The incidence of three-vessel dis- 
ease of the subgroup with markedly increased ratios 
(67%) was significantly higher than those with slightly 
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FIGURE 8 
Comparison of the incidence of patients with three-vessel 
disease among normal, slightly increased, moderately in- 
creased, and markedly increased lung/heart (L/H) ratios in 
Group 3 subjects. A denominator and a numerator of the 
fractional number above each column represent the total 
number of subjects of each subgroup and the number of those 
with three-vessel disease in the subgroup, respectively. For 
example, the fractional number 16/24 above the far right 
column means that 16 of 24 subjects with a markedly in- 
creased L/H ratio have three-vessel disease. 

and moderately increased ratios (14%, p < 0.001 and 
35%, p < 0.05, respectively). 

DISCUSSION 

The measurement of lung 2mTl uptake from anterior 
projection images as part of ECT imaging in this study 
was reproducible and did not require more than 20 sec. 
As in planar imaging, the lung/heart ratio of 2mTl 
activity in ECT imaging correlated with the peak heart 
rate during exercise testing in clinically or angiograph- 
ically normal subjects. If the assessment of lung/heart 
ratio can provide information concerning the severity 
of CAD or left ventricular dysfunction in patients with 
CAD, it should be worth adding to the routine inter- 
pretation of exercise 2mTl ECT as reported for planar 
imaging. 

In this study, an increased lung/heart ratio was as- 
sociated with a greater number of diseased vessels, a 
higher incidence of three-vessel disease, and more severe 
2°'TI defect in the initial image. These findings suggest 
that the increased ratio may indicate more severe CAD. 
Furthermore, an increased ratio was associated with a 
lower LVEF, a higher LVEPP, and more severe 2roT1 
defect in the delayed image. These findings suggest that 
the increased ratio may indicate more severe dysfunc- 
tion of the left ventricle. As in planar imaging (13-20), 
the measurement of lung 2°1T1 uptake in ECT imaging 
may therefore provide information about the severity 
of CAD or left ventricular dysfunction. 

Because neither the frequency ofischemic ST depres- 
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sion nor the severity of transient defect (h uptake score) 
were significantly different between subjects with nor- 
mal and increased lung/heart ratios in this study, lung 
2~'TI uptake may not be related to the severity of 
exercise-induced myocardial ischemia. This finding is 
not  consistent with previous reports (16, 18, 20). The 
difference may be due in part to the relatively higher 
percentage of patients with prior myocardial infarction 
in this study compared to the previous studies. Further- 
more, diffuse subendocardial ischemia, which may oc- 
cur in patients with three-vessel disease, may induce an 
elevation of the lung/heart ratio with no apparent mul- 
tiple transient defects. 

Our observations were different from those reported 
by Kahn et al. (12). First, the normal upper limit of 
lung/heart ratios in their study (0.33) is lower than that 
in our study (0.37). Values as the normal upper limit 
reported by earlier studies (15, 17, 20, 22) are similar 
to that of our study rather than to Kahn's study. Second, 
while 67% of subjects with CAD showed increased 
lung/heart ratios in their study, only 30% showed in- 
creased ratios in our study. Compared to earlier studies, 
the incidence of increased ratios in Kahn's study is 
markedly high while that in our study is relatively tow. 
Furthermore, Kahn et al. reported that subjects with 
increased lung 2°lTt uptake did not differ from those 
with normal lung 2°'T1 uptake with respect to the extent 
of CAD or left ventricular dysfunction. The explanation 
for these discrepancies may involve several differences 
between Kahn's and our studies. One is the method for 
delineating pulmonary and myocardial ROIs. While 
the lung ROI included 55 to 80 pixels and the myocar- 
dial ROI included 6 to 10 pixels in their study, both 
ROIs always included 25 pixels in our study. Another 
difference is the duration from -'°'TI injection to the 
acquisition of anterior projection image (23). They 
obtained the anterior projection image approximately 
17 rain after the injection of 2°'TI. We obtained it 
approximately 13 min after 2°=Tl injection. This differ- 
ence may explain the discordance in normal upper 
limits, but not in incidences of increased ratios in 
subjects with CAD. Furthermore, there are differences 
in the patient population in their study and in our 
study. For example, the percentage of patients with 
prior myocardial infarction in their study (60%) is lower 
than that of our study (74%). The percentage of patients 
with single-vessel disease in their study (61%) is higher 
than that in our study (54%). It should be noted daat 
we studied a larger population of subjects with CAD 
(n = 265) than Kahn's study (n = 70). 

It has not been reported whether the quantitative 
grading of increased lung 2°~T! uptake can provide any 
clinically useful information. Although Boucher et al. 
(13) graded the increased lung uptake of-~°~T1 as "mod- 
erate" and "severe," their assessment of the lung uptake 
was qualitative and patients with severely increased lung 

uptake were not compared with those with moderately 
increased lung uptake. Kaul et al. (6) demonstrated that 
the quantitatively assessed lung/heart ratio of 2°~T1 was 
the most important predictor of a future cardiac event 
in ambulatory patients with chest pain. Their study 
however did not include the grading of increased lung/ 
heart ratios to be applicatory to the clinical assessment 
of a ratio of an individual patient with CAD. We graded 
increased lung/heart ratios quantitatively as mildly, 
moderately, and markedly increased ratios and ob- 
served that the quantitative assessment of the degree of 
increased lung 2°~T1 uptake may be useful for detecting 
patients with three-vessel disease. This observation may 
add support to the clinical significance of quantitative 
assessment of lung ~°*TI uptake. 

Rothendler et at. (23) reported that the delay in 
commencing imaging after exercise may decrease the 
ability to detect the increased lung uptake of 2°1T1. We 
acquired two anterior images equivalent to the anterior 
ECT projection image 10 min and 20 min after the 
injection of 2°'T1. No significant difference could be 
found between tung/heart ratios derived from the first 
image and those derived from the second image, al- 
though both lung and heart 2°1T1 uptakes decreased 
significantly. In each individual subject, however, the 
change in the ratio was not negligible. For example, six 
subjects with a ratio of 0.27 measured in the first image 
showed markedly varied ratios of 0.21 to 0.38 in the 
second image. In the subject with a ratio of 0.27 in the 
first image and 0.38 in the second image, the ratio 
measured from the conventional planar image, which 
was acquired immediately after the second imaging, 
was 0.31. The ratio in the second image might be 
therefore overestimated due to the poor counting statis- 
tics associated with the short-duration acquisition (20 
sec). In addition, the variability of lung 2°iT1 clearance 
may cause the individual variability of lung/heart ra- 
tios. It may be essential for assessing individual lung/ 
heart ratios to minimize the delay between exercise and 
initial imaging. 

Recently, Mannting (24) reported a new method for 
quantification of lung 2°tTl uptake in ECT studies. He 
measured the lung -~°~TI uptake on the summation 
image of the eight frames from the anterior to the 45* 
right anterior oblique projections to overcome the poor 
counting statistics associated with the single anterior 
projection image. His unique method, however, did not 
improve the correlation between the lung/heart ratios 
measured from ECT and planar studies (r = 0.79-0.95) 
compared to that in our study (r = 0.95). Furthermore, 
his method may require too much time to be added to 
the routine interpretation of exercise ECT. It is impor- 
tant to shorten the time required for the analysis of lung 
2°~Tl uptake, since the analysis of myocardial perfusion 
in exercise ECT generally requires a long time and lung 
~:'TI uptake is only a supplementary indicator for it. 

422 The Journal of Nuclear Medicine • Vol. 32 • No. 3 ° March 1991 



In conclusion, the quantitative measurement of lung 
2°'T1 uptake may provide information regarding the 
severity of CAD or left ventricular dysfunction and, 
therefore, should be added to the routine interpretation 
of exercise ECT as reported for planar imaging. How- 
ever, the application of lung/heart ratios for the iden- 
tification of high-risk patients may require further in- 
vestigation about the correlation of lung 2°~Tl uptake 
and prognosis, which has been reported on planar 
imaging (6, 25). 

REFERENCES 

1. Brown KA, Boucher CA, Okada RD, et al. Prognostic value 
of exercise thallium-201 imaging in patients presenting for 
evaluation of chest pain. J A m  Coil Cardiol 1983; 1:994-1001. 

2. Iskandrian As, Hakki AH, Kane-Marsch S. Prognostic impli- 
cations of exercise thallium-201 scintigraphy in patients with 
suspected or known coronary artery disease. ,4m Heart J 
1985;1 t0:135-143. 

3. Ladenheim ML, Pollock BH, Rozanski A, et al. Extent and 
severity of myocardial hypoperfusion as predictors of prog- 
nosis in patients with suspected coronary artery disease. J A m  
Colt Cardiol 1986;7:464-47 t. 

4. Staniloff HM, Forrester JS, Berman DS, Swan HJC. Predic- 
tion of death, myocardial infarction, and worsening chest 
pain using thallium scintigraphy and exercise electrocardiog- 
raphy. J Nucl Med 1986;27:1842-I 848. 

5. Kaut S, Lilly DR, Gaseho JA, et al. Prognostic utility of the 
exercise thallium-201 test in ambulatory patients with chest 
pain: comparison with cardiac catheterization. Circulation 
1988; 77:745-758. 

6. Kaul S, Finkelstein DM, Homma S, Leavitt M, Okada RD, 
Boucher CA. Superiority of quantitative exercise thallium- 
201 variables in determining long-term prognosis in ambula- 
tory patients with chest pain: a comparison with cardiac 
catheterization. J Am Coil Cardiol 1988;12:25-34. 

7. Kaul S. A look at 15 years of planar thallium-201 imaging. 
Am Heart J 1989;118:58t-601. 

8. Ritchie JL, Williams DL, Harp G, Stratton JL, Caldwell JH. 
Transaxial tomography with thallium-201 for detecting 
remote myocardial infarction. Am J Cardio! t982;50: 
1236-1241. 

9. Maublant J, Cassagnes J, Le Jeune J J, et al. A comparison 
between conventional scintigraphy and emission tomography 
with thallium-201 in the detection of myocardial infarction: 
concise communication. J Nucl Med 1982;23:204-208. 

I0. Nohara R, Kambara H, Suzuki Y, et al. Stress scintigraphy 
using single-photon emission computed tomography in the 
evaluation of coronary artery disease. Am J Cardiol 

1984;53:1250-1254. 

11. Tamaki N, Yonekura Y, Mukai T, et al. Stress thallium-201 
transaxial emission computed tomography: quantitative ver- 
sus qualitative analysis for evaluation of coronary, artery 
disease. J Am Coil Cardiol 1984;4:12 l 3-1221. 

12. Kahn JK, Carry. MM, McGhie I, Pippin J J, Akers MS, Corbett 
JR. Quantitation of postexercise lung thaUium-201 uptake 
during single photon emission computed tomography. J N u t  
Mecl 1989;30:288-294. 

13. Boucher CA, Zir LM, Belier GA, el al. Increased lung uptake 
of thallium-201 during exercise myocardial imaging: clinical, 
hemodynamic, and angiographic implications in patients with 
coronary artery disease. Am J Cardiol 1980:46:189-196. 

14. Bingham JB, McKusick KA, Strauss HW, Boucher CA, 
Pohost GM. Influence of coronary' artery' disease on pulmo- 
nary uptake of thallium-201. Am J Cardml 1980:46:821-826. 

15. Kushner FG, Okada RD, Kirshenbaum HD. Boucher CA, 
Strauss HW, Pohost GM. Lung thallium-201 uptake after 
stress testing in patients with coronary, artery disease. Circu- 
lation 1981 ;63:341-347. 

16. Gibson RS, Watson DD, Carabello BA, Holt ND, Belier GA. 
Clinical implications of increased lung uptake of thallium- 
201 during exercise scintigraphy two weeks after myocardial 
infarction. Am J Cardiol 1982:49:1586-t593. 

17. Wilson RA, Okada RD. Boucher CA, Strauss HW, Pohost 
GM. Radionuclide-determined changes in pulmonary blood 
volume and thallium lung uptake in patients with coronary 
artery disease. Am J Cardiof 1983;51:741-748. 

18. Liu P, Kiess M, Okada RD, et al. Increased thallium lung 
uptake after exercise in isolated left anterior descending cor- 
onary artery disease. Am J Cardiol 1985;55:1469-1473. 

19. Canhasi B, Dae M, Botviniek E, el al. Interaction of supple- 
mentary scintigraphic indicators of ischemia and stress elec- 
trocardiography in the diagnosis of multivessel coronary dis- 
ease. J A m  Coil Cardiol 1985;6:581-588. 

20. Homma S, Kaul S, Boucher CA. Correlates of lung/heart 
ratio of thallium-201 in coronary artery disease. J NucI Med 
1987;28:1531-1535. 

21. Kurata C, Sakata K, Taguchi T, Kobayashi A. Yamazaki N. 
Exercise-induced silent myocardial ischemia: evaluation by 
thallium-201 emission computed tomography. Am Heart J 
1990; I 19: 557-567. 

22. Levy R, Rozanski A, Berman DS, et al. Analysis of the degree 
of pulmonary thallium washout after exercise in patients with 
coronary artery disease. J Am Coll Cardiol 1983;2:719-728. 

23. Rothendler JA, Boucher CA, Strauss HW, Pohost GM, Okada 
RD. Decrease in the ability to detect elevated lung thallium 
due to delay in commencing imaging after exercise. Am Heart 
J 1985;110:830-835. 

24. Mannting F. A new method for quantification of pulmonary 
thallium uptake in myocardial SPECT studies. Eur J Nucl 
Med 1990;16:213-222. 

25. Gilt JB, Ruddy TD, Newell JB. Finkelstein DM, Strauss HW, 
Boucher CA. Prognostic importance of thallium uptake by 
the lungs during exercise in coronary artery disease. N Engl J 
Med 1987;317:1485-1489. 

Lung Thallium Uptake in Exercise ECT • Kurata et al 423 


