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Longitudinal base to apex perfusion gradients by

dipyridamole positron emission tomography

indicate diffuse coronary atherosclerosis
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SUMMARY

Diffuse coronary atherosclerosis is clinically important and often associated

with localized stenosis but is not detected or quantified by current methods

including coronary arteriography. Accordingly, I quantified the longitudinal base

. to apex distribution of N-13 ammonia on positron emission tomography (PET)

after dipyridamole stress for 17 normal volunteers and 30 patients with abnormal

coronary arteriograms. Heart images were divided into 32 short axis tomographic

slices along the long axis, and each slice was divided into anterior, septal, lateral

and inferior quadrant. Average relative activity for each slice in each quadrant

was graphed against slice number and a third order polynomial curve was best fit

to the longitudinal distribution of activity. In the patients group, average relative

activity in each quadrant, except septum in mild to moderate disease group,

progressively and significantly decreased from base to apex slices compared to

normal group, and perfusion decreasing was more progressed in severe disease .

group. In 12 of the patients with one- or two-vessel disease, longitudinal base to

apex perfusion gradient was observed in angiographically stenosis-free quadrant.
Thus, patients with segmental coronary artery disease by arteriography have

abnormal longitudinal base to apex perfusion gradients on dipyridamole PET

images indicating diffuse coronary atherosclerosis.
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I. Introduction

Diffuse coronary atherosclerosis is clini-
cally important[1-3] and is common in asso-

ciation with mild or severe localized stenosis

but is not detected or quantified by current
non-invasive methods or standard coronary
(CAG)[4]. Fluid
indicates that diffuse

atherosclerosis causes a longitudinal base to

arteriography dynamic

analysis coronary
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apex perfusion gradient with highest perfu-
sion at the base decreasing gradually to
lowest perfusion at the apex. To evaluate
diffuse coronary artery narrowing, I quanti-
fied the longitudinal base to apex distribu-
tion of N-13 ammonia on positron emission
tomography (PET) images after dipyridamole
stress in patients with 20% diameter stenosis
or greater by coronary arteriography to define

one, two and three vessel disease.

1. Materials and Methods

Study population

Normal group (group N) was consisted with
17 healthy volunteers (2 women, 15 men), aged
35%11 years old. They had normal rest elec-
trocardiogram, no history of cardiac event,
no coronary risk factors. Mild to moderate
disease group (group M) was consisted with
20 patients (5 women, 15 men), aged 599
years old. Activities of perfusion defects on
PET images were greater than 60% of maxi-
mum activity and size of these defects were
smaller than 109 of left ventricle. In the
group M, 4 patients had one-vessel disease, 4
had two-vessel disease and 12 had three-vessel
disease by CAG. Severe disease group (group
S) was consisted with 10 male patients, aged
619 years old. Activities of perfusion de-
fects on PET images were smaller than 60%
of maximum activity and size of these de-
fects were greater than 1096 of left ventricle.
In the group S, 1 patient had one vessel
disease, 3 had two-vessel disease and 6 had
three-vessel disease.

Methods
PET imaging

PET imaging of myocardial perfusion at
rest and after dipyridamole was carried out
as previously described[5-7]. Patients stopped
smoking 4 hours before the PET study, fasted

for 8 hours, and stopped intake of caffeine
and theophylline for 24 hours before the PET
study. PET was performed using the Univer-
sity of Texas designed cesium florid, multislice
tomograph with a reconstructed resolution of
12mm full-width at half-maximum (FWHM) in
plane and 14mm FWHM axially. Transmission
images containing 100 to 150 million counts
were obtained to correct for photon attenua-
tion with the segmented attenuation method
first reported from this laboratory[8]. Emis-
sion images were obtained after injection of
15-20 mCi cyclotron-produced N-13 ammonia
and contained 20 to 40 million counts (rest
scan). At 40 minutes after administration of
the first dose of N-13 ammonia, dipyridamole
was injected 0.568 mg/kg over 4 minutes or
0.84 mg/kg over 6 minutes. Four minutes
handgripping was also performed during
dipyridamole injection. Four minutes after
the dipyridamole infusion was completed,
same dose of N-13 ammonia was injected
intravenously and 4 minutes later, PET imag-
ing was repeated by the same protocol used
for the resting study (stress scan). Data was
acquired for 20 minutes starting at 5 minutes
Aminophylline (125

mg) was given for angina.

after tracer injection.

Automated quantitative analysis of PET
Automated analysis of PET abnormalities
was carried out without observer bias with
previously described software[5-7]. A three-
(3D)

generated short- and long-axis views from

dimensional restructuring algorithm
PET transaxial cardiac images perpendicular
to and parallel to, respectively, the long axis
of the left ventricle. To avoid the spatial
distortion inherent in polar displays,
circumferential profiles were used to recon-
struct 3D topographic views of the left ven-
tricle reflecting relative regional activity. The

3D topographic views were divided into fixed
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sections consisting of a septal, anterior,

lateral and inferior quadrant as previously
illustrated [5,7].
mined, for each of the 3D topographic views,

A mean algorithm deter-

the mean activity level in each of these 4
regions expressed as relative activity levels
normalized to the maximum 2% of pixels for
the whole-heart data set for each of the 3D
topographic views. Finally,
identified
topographic view that have values deviating
outside *2-SD limits of normal values (4-SD

range) on the basis of 17 normal volunteers

an algorithm

automatically regions of each

and computed the percent of circumferential
profiles units *£2-SD limits (4-SD range).

Analysis of the relative distribution of activ-
ity along the long axis of the ventricle

The 3D restructuring algorithm generated
32 tomographic slices pefpendicular to the
long axis of the left ventricle labeled slice 1
at the base of the heart to slice 32 at the
apex of the heart. Slices 1 through 7 and 30
through 32 were discarded as a result of
count variability caused by the membranous
septum, by variability in locating the last
apical slice, and by partial volume errors
resulting from small object size at the apex.
For each slice 8 through 29, the average
relative activity expressed as percent of
maximum was determined for each slice in
the septal, anterior, lateral and inferior
quadrants. The relative activity of each slice
in each quadrant was plotted on the vertical
axis for slice 8 through 29 on the horizontal
axis for each quadrant of the heart.

The distribution of activity from base
(slice 8) to apex (slice 29) was then best fit
to a third-degree polynomial as previously
described[3]. The relative activity for each
slice and slope value for each slice 8 to 29
were then also plotted on the vertical axis

for slice number on the horizontal axis for

each quadrant.

Rest and dipyridamole images were ana-
lyzed similarly for average relative uptake in
each quadrant, for longitudinal distribution
of relative activity for each quadrant, and
for the rate of change in activity or slope
along the long axis of the left ventricle.
Mean values and *+2-SD limits of relative
activity were determined for each slice 8 to
29 for each quadrant for the 17 normal
volunteers. The *2-SD limits of this normal
group were plotted for each slice as reference
limits on the graphs of relative uptake and
slope for each patient. The maximum rate of
decrease in relative activity along the long
axis of the left ventricle (maximum negative
slope or minimum slope value including the
sign) was determined for each quadrant of
each patient.

Statistical analysis

Data are reported as mean = SD. The
significance of differences between groups
was determined by two-tailed non:-paired
Student’s t-test and P values <0.05 were

considered significant.

Il. Results

Figure 1 demonstrated the PET images in
each group. Average relative activity in each
group in each quadrant was compared for
each tomographic slice from base to apex
(Fig. 2-5).

Comparison between the group M and the
group N

Average relative activities of the group M
in anterior, lateral and inferior quadrants
progressively and significantly decreased from
base to apex slices compared to the group N
(P<0.05). The septal quadrant showed a
similar trend that did not reach statistical
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significance, as expected due to effects of the

membranous septum and fluid dynamic,

branching pattern.

Comparison between the group S and the
group N

In all quadrants, average relative activities
of the group S progressively and significantly
decreased from base to apex slices compared
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to the group N (P<0.05). If two patients
with severe local basal inferior perfusion
defects were included, average relative activ-
ity was significantly low from basal to
apical slices (Fig. 5A). Without these two
cases, 'average relative activity was signifi-
cantly low from middle to apex slices and the
base to gradient was

longitudinal apex

steeper (Fig. 5B).

Examples of Stress Uptake Image in 3 Groups

NORMAL

MILD DISEASE
53

SEVERE DISEASE

Fig. 1

®N-ammonia PET image after dipyridamole administration in
group N, group M and group S in each quadrant.

Septum

Relative Activity(% of max)

10

group M
group S p1<0.05, p2<0.0001 vs group N

group N

base

slice #

Fig. 2

apex

28

Average relative activities in septal quadrant. In group M, average relative activities
decreased from base to apex compared to group N, but did not reach statistical
significance. In group S, average relative activities progressively and significantly
decreased from base to apex slices compared to the group N (P<0.05).
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Fig. 3
Average relative act1v1ty in anterior quadrant in each group. In both group M and

S, average relative activities progressively and significantly decreased from base to
apex slices compared to the group N (P< 0.05).
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Fig. 4

Average relative activity in lateral quadrant in each group. In both group M and S,
average relative activities progressively and significantly decreased from base to
apex slices compared to the group N (P< 0.05).
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Fig. 5

Average relative activity in inferior quadrant in each group. Fig.5A showed
average relative activity in each group in inferior quadrant including two
cases with local basal perfusion defect. Without these two cases, the tendency
of the longitudinal base to apex perfusion gradient was the same as the other
quadrants.

Table 1 shows the relation between CAG vessel disease of 20% diameter stenosis or
findings and average relative activity in each greater had abnormal relative activity and
quadrant in each patient group which was base to apex longitudinal perfusion gradients
below 2 standard deviations of the normal without corresponding arteriographic stenosis
mean expressed as % of slices. Ten out of 12 of the artery to abnormal PET regions.
patients with only one-vessel disease or two-
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Table 1 .

The relation between CAG findings and average relative activity in each quadrant in each
patient group which was below 2 standard deviations of the normal mean expressed as %

of slices.

Group M (n=20) 9% of slices<-2s.d.

patient No.| CAD | RCA LAD LCX |sep(R) ant(R) lat(R) inf(R) sep(S) ant(S) 1at(S8) inf(S)

1 3 1+ + + 0 0 27 32 14 0 41 73

2 3 + + + 0 0 0 0 0 0 0 0

3 3 + + + 0 0 0 0 0 0 0 0

4 2 + + 5 0 0 23 5 0 0

5 3 + + + 47 35 26 26 12 12 0 0

6 1 + 0 o[ 9 0 0 0 0 0

7 1 + 0 0 0 0 0 0 0 0

8 2 + + 0 36 0 0 9 0 0

9 2 + + 27 5 5 0 0 0 0 0

10 3 + + + 0 5 0 0 0 0 0 0

11 3 + + + 0 0 0 0 0 0 14

12 1 + 23 50 9 o 9 8 [ 9] 0

13 3 + + + 45 68 9 0 50 73 82 14

14 3 + + + " 68 59 0 0 41 59 36 0

15 3 + + + 5 0 23 0 0 0 23 0

T O 0o 0 0 o

17 3 + + + 0 0 0 0 0 0 0 50

18 3 + + + 0 14 9 0 0 50 45 0

19 3 + + + 0 0 0 0 0 11 9 0

20 2 + + 0 0 0 0 0 0
Group S (n=10) 9% of slices<-2s.d.

patient No.| CAD RCA LAD LCX |sep(R) ant(R) lat(R) inf(R) sep(S) ant(S) 1at(8) inf(S)

1 3+ + + 0 0 5 0 86 77 41 100

2 2 + + 18 68 0 0 82 91 73

3 3 + + + 0 5 41 82 73 50 86 100

4 3 + + + 0 23 18 68 0 91 8 . 100

5 3 + + + 0 0 0 0 50 0 0 9

6 2 + + 27 68 | 50 27 50 68 23 23

7 1 - 36 0 ol [ 14 21 2 [ s|[ o

8 2 + + 45 0 0 68 59 45 55 86

9 .3 + + + 86 0 18 0 95 68 14 0

10 3 + + + 0 0 59 0 0 9 91 0

[ ]

IV. Discussion

Coronary arteriography has been considered
as a diagnostic "gold standard” for determin-
ing coronary stenosis; however, this invasive
method often failed to detect diffuse coro-
Gould et al. first
base-to-apex

nary atherosclerosis.
demonstrated the longitudinal
myocardial perfusion abnormalities by PET
non-invasively in our previous study[3]. In
the present study I indicated that both group

: no stenotic artery on CAG, abnormal PET

M and S had abnormal longitudinal perfusion
gradient compared with group N, and espe-
clally group S showed longitudinal gradient
even in the middle of the heart. Donohue et
al. reported that abnormal perfusion imaging
patients indicated higher proximal / distal
coronary flow velocity .reserve ratio(CFVR)
and this result supports my data[9].
Endothelial dysfunction plays an important
used

role for coronary -atherosclerosis. I

dipyridamole for coronary vasodilation in the
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present study. Dipyridamole is known as an
endothelial-independent vasodilator, and
dipyridamole-induced coronary vasodilation is
a result of an adenosine effect on resistance

vessels mediated by inhibition of the re-

uptake of adenosine released by cardiac
myocytes. Also, hyperemia induced by
vasodilation of resistance vessels causes

secondary coronary vasodilation and which is
endothelial-dependent. In my cases, diseased
groups showed longitudinal base-to-apex
perfusion gradients, especially in severe dis-
eased group. I could suppose that coronary
atherosclerosis impaired more extensive and
that affected the vasodilation induced by
dipyridamole. On the other hand, Masoli et
al. showed the data which evaluated the
relation between invasive angiographic meas-
urements of coronary vasomotion in response
to intracoronary acetylcholine and the pres-
perfusion abnormalities

ence of regional

assessed by Tc-99m sestamibi myocardial
perfusion imaging[10]. They indicated that 4
out of 13 angiographically normal coronary
arteries had a vasoconstrictive response to
acetylcholine, which was associated with a
regional perfusion defect. Acetylcholine 1is
known as an endothelial-dependent vasodila-
tor and it causes vasodilation in normal
coronary arteries, whereas it elicits paradoxi-
cal vasoconstriction in diseased vessels. De-
spite the differences of vasodilator, the data
from Masoli et al. supported my results and
I could suspect that endothelial dysfunction
caused perfusion abnormalities.

Also, some of the patients with one or

two-vessel disease showed perfusion abnor- .

malities in the ”stenosis-free” regions by
CAG. 1 could suf)pose that patients with
segmental coronary artery disease had diffuse
coronary atherosclerosis even in stenosis-free
which

could be detected by PET non-invasively.

coronary artery by arteriography,

with
coronary artery disease by arteriography have

In conclusion, patients segmental

abnormal longitudinal base to apex perfusion
gradients on dipyridamole PET images indi-
cating diffuse coronary atherosclerosis. Lon-
gitudinal analysis of PET perfusion images
show a characteristic perfusion pattern of
diffuse coronary artery narrowing which is
not revealed by segmental stenosis on coro-

nary arteriograms. .
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