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E D I T O R I A L  

Exercise Supplementation of Dipyridamole for Myocardial 
Perfusion Imaging 

I ntravenous dipyridamole provides a 
good alternative to treadmill exer- 

cise, Several studies have demon- 
strated that the diagnostic accuracy of 
-~°'T1 scintigraphy performed with in- 
travenous dipyridamole is equivalent 
to that performed in conjunction with 
treadmill exercise. 

Dipyridamole infusion is techni- 
cally simple and is associated with a 
low incidence of both cardiac and 
non-cardiac side effects. A threefold 
increase in coronary blood flow is 
achieved, comparable to that associ- 
ated with maximal treadmill exercise 
(I). So why do some investigators feel 
that intravenous dipyridamole alone 
is insufficient and that supplementa- 
tion with handgrip or treadmill exer- 
cise is advantageous? The following 
arguments have been offered: 

1. The additive influence of exer- 
cise in further increasing coronary 
blood flow theoretically should allow 
for better differentiation of normal 
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myocardium from vascular territories 
that are infarcted or supplied by sten- 
otic coronary arteries. A similar ar- 
gument has been offered to support 
the use of intravenous adenosine, a 
coronary vasodilator more potent 
than dipyridamole. However, at high 
coronary flow rates, exceeding 3.5 ml/ 
min/gm of myocardial tissue, 2°~T1 
uptake begins to plateau despite fur- 
ther increases in blood flow, so the 
theoretical advantage of higher coro- 
nary flow rates might not be realized 
clinically with 2°~T1 scintigraphy. 

2. A minority of patients are dipyr- 
idamole "non-responders." In 12 pa- 
tients in whom coronary blood flow 
reserve associated with dipyridamole 
infusion was measured, Rossen et at. 
demonstrated that two patients (17%) 
achieved peak flow rates of less than 
2.0 ml/min/gm, compared to a mean 
+ s.d. of 3.7 _+" 1.2 ml/min/g in the 
entire group (2). Poor coronary vaso- 
dilatory response to dipyridamole is 
also seen occasionally in routine 2°~T1 
studies and may be manifested by a 
poor myocardial-to-background ratio 
and diffusely diminished myocardial 
washout. The reason for such a poor 
coronary vasodilatory response in 
some patients is unknown. However, 

the addition of exercise to intravenous 
dipyridamole theoretically has the po- 
tential of improving test sensitivity by 
decreasing the number of "non- 
responders." 

3. Dipyridamole decreases not 
only coronary but also systemic vas- 
cular resistance. Brown et al. meas- 
ured systemic vascular resistance be- 
fore and after dipyridamole infusion 
and measured a decrease from 15 _+ 5 
mmHg/liter/min to 10.9 _+ 4.0 
mmHg/liter/min (p < 0.001) mean + 
s.d. (1). This results in increased 2°~T1 
uptake in tracer-avid organs other 
than the heart, including the liver. 
Since the liver lies immediately below 
the inferior wall of the left ventricle, 
myocardial image quality can be de- 
graded due to Compton scatter and 
even actual overlap of the superior 
portion of the liver and the inferior 
wall of the left ventricle. Moreover, 
linear interpolative background sub- 
traction algorithms used for exercise 
2°~T1 planar studies which demon- 
strate relatively little liver uptake may 
introduce error into dipyridamole 
studies. Because of the high count 
density in the liver, background will 
be oversubtracted from the inferior 
wall, resulting in artifactual inferior 
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walt defects. Such factors affecting im- 
age quality are more problematical 
with planar studies than with SPECT 
since the tomographic technique is 
advantageous in visually separating 
adjacent structures (Figs. 1 and 2). 
However, even with SPECT, occa- 
sionally it may not be possible to sep- 
arate adjacent liver or particularly 
bowel activity from the myocardium 
(3). 

Since exercise results in shunting of 
blood away from the abdominal vis- 
cera to the working musculature, the 
addition of exercise to intravenous di- 
pyridamole results in less 2°~T1 liver 
uptake and improved image quality. 
Since treadmill exercise recruits a 
much larger muscle mass than hand- 
grip, its effect in improving image 
quality is more marked. In this issue 
of the Journal, Stern et al. indeed 
document that the addition of tread- 
mill exercise to dipyridamole im- 
proves the heart-to-liver ratio for 
planar 2°'TI imaging. 

EXERCISE SUPPLEMENTATION 

With regard to the issues of aug- 
mentation of coronary blood flow, di- 
pyridamole "'non-responders," and 
image quality and also side effects, 
diagnostic accuracy, and logistics let 
us consider the potential application 
of either handgrip or treadmill exer- 
cise supplementation. 

Handgrip Supplementation 
Handgrip exercise supplementation 

of intravenous dipyridamole infusion 
is logistically attractive since both in- 
terventions can be performed with the 
patient supine in one location. How- 
ever, considerable patient cooperation 
and effort are required. Cardiac and 
non-cardiac side effects and the inci- 
dence of ST segment depression have 
been noted to be similar with and 
without handgrip supplementation. 
(4). 

Two studies have been published 
that evaluated the effect of handgrip 
exercise supplementation of intrave- 
nous dipyridamole to augment coro- 
nary blood flow. Unfortunately, the 
conclusions of the two studies are in 

B A 

FIGURE 1. Thallium-201 scan performed in a 45-yr-old male following intravenous 
dipyridamote infusion (0.142 mg/kg/min for 4 rain) supplemented by isometric handgrip 
exercise (33% maximal force for 4 rain). An anterior planar image (A) was obtained 5 
rain following 2°~TI injection, immediately thereafter SPECT acquisition was performed. 
Midventricutar short-axis (B) and vertical long-axis slices (C) are shown. Whereas 
moderate liver uptake characteristic of dipyridamoLe/handgdp studies is noted in the 
planar image, there is minimal, if any, image degradation in the tomographic slices. 
Image quality is comparable to that with treadmill exercise (Fig. 2). 

FIGURE 2. Thallium-201 scan performed in a 50-yr-old female following maximal (90% 
age-predicted heart rate) treadmill exercise. Five-minute anterior (A) and subsequent 
SPECT midventricular short-axis (B) and vertical long-axis (C) slices are shown. Tracer 
concentration in the liver is minimal. 

disagreement with one another. 
Brown et al. measured coronary blood 
flow indirectly in 24 patients with cor- 
onary artery disease by means of a 
flow-sensitive thermodilution catheter 
placed in the coronary sinus (1). 
These investigators demonstrated a 
2.4-fold increase in coronary sinus 
blood flow (compared to baseline) 
with dipyridamole, a 1.7-fold increase 
with handgrip alone (25% maximal 
force for 4 to 5 rain), and a 3.3-fold 
increase with dipyridamole supple- 
mented with handgrip. They found no 
similar additive effect of handgrip plus 
dipyridamole in decreasing coronary 
vascular resistance. In contrast, Ros- 
sen et al. measured coronary flow re- 
serve (peak/resting coronary flow ve- 
locity ratio) in 12 patients with angio- 
graphically normal coronary arteries 
using intracoronary Doppler flow 
catheters (2). Isometric handgrip ex- 
ercise supplementation (33% maxi- 

mal force for 3-4 min) was not asso- 

ciated with an additional increase in 
coronary arterial blood flow com- 
pared to intravenous dipyridamole 
alone (flow reserve ___ s.d. = 3.8 _+ 1.1 
before handgrip versus 4.0 ___ 1.1 after 
handgrip, p = n.s.). Likewise, there 
was no change in coronary artery cal- 
iber measured by quantitative angiog- 
raphy associated with the addition of 
handgrip exercise. Technically, these 
conflicting studies differ significantly. 
Criticisms of the technique used in 
Brown's study put forth by Rossen et 
al. include potential errors due to 
movement of the thermodilution 
catheter particularly during labored 
respiration which occurs toward the 
end of handgrip exercise, and reflux 
of blood from the right atrium into 
the coronary sinus, resulting in over- 
estimation of coronary blood flow. 
However, the potential hemodynamic 
effects of handgrip supplementation 
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in the perfusion bed distal to a coro- 
nary stenosis cannot be assessed using 
the intracoronary Doppler flow cath- 
eter technique and may be better re- 
flected by coronary sinus flow meas- 
urements. Differences in the results of 
these two studies also may in part be 
due to differences in the patient pop- 
ulations--all patients had coronary 
disease in the study by Brown et al., 
whereas patients had angiographically 
normal coronaries in the study by 
Rossen et al. in fact, Brown et al. 
noted coronary arterial vasoconstric- 
tion with handgrip to be most marked 
in small-to-moderate-sized arteries 
[ 18 % __. 15 % constriction of small-to- 
moderate-sized arteries (p < 0.001) 
versus 5% __. 12% construction of 
large, normal segments (p = n.s.)], 
which were not evaluated by Doppler 
measurements in Rossen's study. 

In dipyridamole "non-responders" 
in whom coronary" blood flow does 
not sufficiently increase to allow scin- 
tigraphic differentiation of myocar- 
dium supplied by normal and stenotic 
coronary arteries, there is limited data 
regarding the benefit of handgrip sup- 
plementation. In the two patients in 
the study by Rossen et al. in whom 
coronary flow reserve was less than 
2.0 and in another four subjects in 
whom it was less than 3.0, handgrip 
supplementation had no significant 
effect in increasing flow reserve (2). 

Handgrip exercise has been dem- 
onstrated to induce regional abnor- 
malities in left ventricular function. 
Equilibrium radionuclide angiocar- 
diography performed with isometric 
stress has been used to identify pa- 
tients with coronary disease. In one 
report, the sensitivity of an exercise- 
induced regional wall motion abnor- 
mality was 67%, with abnormalities 
in regional ejection fraction present in 
91% of patients (5). Likewise, for ex- 
ercise echocardiography handgrip ex- 
ercise is a potentially attractive form 
of stress since patient motion can be 
minimized. In patients with normal 
resting ventricular function, the sen- 
sitivity of a regional wall motion ab- 
normality induced with handgrip ex- 
ercise in detecting coronary stenosis 

has been reported to be as high as 
65%, with a specificity of 100% (6). 

However, physiologic mechanisms 
resulting in regional left ventricular 
dysfunction associated with handgrip 
exercise may be in part unrelated to 
changes in coronary perfusion. Brown 
et al. measured a mean _+ s.d. increase 
in aortic pressure from a baseline 
value of 127/75 mmHg to a maximal 
value of 145/88 mmHg with handgrip 
exercise (1). This increase in systemic 
pressure may also be associated with 
an increase in left ventricular intra- 
cavitary pressure, increased wall ten- 
sion, and increased myocardial oxy- 
gen demand, resulting in regional dys- 
function. In a series of 27 patients 
with aortic valve disease, Huikuri et 
al. demonstrated that 2°~TI SPECT 
performed in conjunction with com- 
bined intravenous dipyridamole and 
handgfip exercise was highly sensitive 
(85%) and specific (86%) in determin- 
ing the presence of coexistent coro- 
nary artery disease (7). The effects of 
dipyridamole on coronary blood flow 
and handgrip on wall stress in these 
patients with elevated baseline ven- 
tricutar afterload most likely were ad- 
ditive in producing such excellent di- 
agnostic accuracy of the myocardial 
perfusion scan. 

Information is limited regarding the 
potential benefit of handgrip supple- 
mentation in improving the diagnos- 
tic accuracy of dipyridamole/thallium 
scintigraphy. For planar 2°'T1 im- 
aging, Ranhosky et al. demonstrated 
no additional increase in either test 
sensitivity or specificity associated 
with the addition of handgrip (8). For 
two-dimensional echocardiography, 
using deterioration of regional left 
ventricular function as the sole crite- 
rion of abnormality, Mandysova et al. 
observed a test sensitivity of 53% and 
specificity of 100% in detecting coro- 
nary stenoses _> 70% in a group of 53 
patients studies with dipyridamole in- 
fusion alone (9). When dipyridamole 
stress was supplemented with hand- 
grip (50% maximal force for up to 5 
min), test sensitivity increased to 78% 
(p < 0.00 I) with no decrease in spec- 
ificity. A diagnosis of coronary disease 

was made in 10 of 19 patients in 
whom studies would have been false- 
negative with dipyridamole alone. 
However, as postulated above, this in- 
crease in diagnostic sensitivity of ven- 
tricular functional imaging observed 
with handgrip may be possibly attrib- 
utable to increased ventricular after- 
load and wall stress with accompany- 
ing regional asynergy. 

In the article by Stern et al., heart- 
to-liver ratios were compared in pa- 
tients undergoing dipyridamole/2°~Tl 
planar imaging to a separate group 
who also performed handgrip exercise 
(4). No significant increase in the 
heart-to-liver ratio was demonstrated 
with the addition of handgrip, and the 
authors observed no improvement in 
image quality. However, the handgrip 
force performed by these patients was 
not very strenuous (25% of maximal 
force for 4 min) and less than that 
employed by other investigators. 
From my own unreported observa- 
tions, more vigorous handgrip force 
(50% of maximal force for 3 to 4 min) 
may result in improvement in the 
heart-to-liver ratio as compared to di- 
pyridamole alone. 

Low-Level Treadmill Exercise 
Supplementation 

The addition of upright treadmill 
exercise to intravenous dipyridamole 
infusion is logistically somewhat more 
difficult and more labor intensive 
than the addition ofhandgrip exercise. 
The patient must be moved from the 
supine position in which the dipyri- 
damole was infused onto the tread- 
mill, then back to the imaging table 
or SPECT pallet. Moreover, electro- 
cardiographic monitoring must be du- 
plicated for the two stress interven- 
tions. However, there are documented 
as well as theoretical advantages of 
treadmill exercise supplementation 
compared to handgrip supplementa- 
tion or dipyridamole alone that may 
justify these relatively minor addi- 
tional steps. 

The incidence of non-cardiac side 
effects of dipyridamole is lower when 
the infusion is supplemented by tread- 
mill exercise. In 100 patients who re- 
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ceived intravenous dipyridamole, Ca- 
sale el al. reported non-cardiac side 
effects (lightheadedness, headache, 
nausea, and vomiting) in 12%, 
whereas in a separate group of 100 
patients who had the infusion supple- 
mented by low level treadmill exercise 
(Bruce protocol, Stage 1 or 2, for 6 
min) only 4% had noncardiac side 
effects (10). Similarly, Laarman et al. 
observed non-cardiac side effects in 
43 % of I 01 patients receiving dipyri- 
damole but only 11% of 200 patients 
with low-level bicycle exercise supple- 
mentation (60 rpm/30 watts for 3 min 
supine) (p < 0.05) (11). Although no 
significant increase in chest pain was 
observed with low-level exercise in 
either of these studies, the incidence 
of ST-segment depression was approx- 
imately double with low-level exercise 
in both series (26% versus 12% in 
Casale's report, and 25% versus 12% 
in Laarman's report). The increased 
incidence of ST segment changes with 
exercise supplementation may not 
necessarily be an unfavorable result, 
but may in fact be associated with 
increased test sensitivity for coronary 
artery disease. 

The report by Stern el al. in this 
issue of the Journal and the previous 
report by Casale et al. clearly docu- 
ment that exercise supplementation 
increases the heart-to-liver count den- 
sity ratio (4,10). The mean ratios _ 
s.d. reported in these two series was 
1.22 + 0.22 and 1.2 +_. 0.3 for dipyri- 
damole alone and 1.76 ___ 0.50 and 2.1 
+ 0.7 for dipyridamole plus low-level 
treadmill exercise (p's < 0.001 and < 
0.0001, respectively). Such an in- 
crease in the target-to-background ra- 
tio results in improved image quality, 
especially for planar studies. 

It is not known what the effect of 
low-level treadmill exercise is with re- 
gard to coronary blood flow. Experi- 
ments similar to those performed with 
thermodilution and Doppler flow 
catheters during dipyridamole infu- 
sion handgrip exercise would be diffi- 
cult, if not impossible, to reproduce 
during treadmill or even bicycle dy- 
namic exercise. Whereas maximal dy- 
namic exercise results in a three- to 

fourfold increase in coronary blood 
flow, the hemodynamic effect of low 
level exercise is not known and may 
be variable among patients. Further- 
more, the effect of low level exercise 
with regard to coronary, blood flow in 
dipyridamole "non-responders" is un- 
known. The decrease in liver uptake 
associated with low level treadmill ex- 
ercise is associated with shunting of 
blood to the working musculature and 
similar assumptions cannot be made 
regarding the coronary circulation. 

Also, the effect of low-level tread- 
mill augmentation on the diagnostic 
accuracy of 2°~T1 scintigraphy has not 
been thoroughly investigated. In the 
studies cited above by Stern and Ca- 
sale, the numbers of patients undergo- 
ing correlative coronary angiography 
were too small to draw meaningful 
conclusions (4,10). In an abstract by 
Ranhosky et al, reporting results in 
1093 patients, neither handgrip (42 
patients), bicycle ergometry (27 pa- 
tients), nor walking in place for 5 min 
(222 patients) produced a significant 
increase in sensitivity or specificity 
compared to dipyridamole infusion 
alone (8). Test sensitivity was 86.6% 
in patients who performed any form 
of exercise compared to 84.2% for 
those who did not (p = 0.40). 

Thus, apart from improved image 
quality for planar studies and an in- 
crease in the incidence of ischemic ST 
segment changes, the hemodynamic 
or diagnostic benefit of low-level ex- 
ercise supplementation of dipyrida- 
mole/thallium scintigraphy has not 
been demonstrated. 

Why Not Combine Intravenous 
Dipyridamole and Maximal 
Treadmill Exercise in All Patients? 

One study reported by Walker et al. 
combined coronary vasodilatation 
with oral dipyridamole (300 mg) and 
maximal treadmill exercise for planar 
thallium scintigraphy (12). Results 
were compared to exercise imaging 
alone in 38 patients with documented 
coronary disease and/or a high pretest 
likelihood of disease. Perfusion de- 
fects were visualized in 76% of scans 
obtained after exercise alone and 89% 

with exercise plus oral dipyridamole 
(p = n.s.). No increase in side effects 
was observed when the two stress mo- 
dalities were combined, Whereas 76% 
of patients had > 1 mm ST-segment 
depression during maximal, symp- 
tom-limited treadmill exercise alone, 
84% had ischemic changes with oral 
dipyridamole supplementation (p = 
n.s.). Although these differences were 
not statistically significant, an inter- 
esting trend is noted, It is also possible 
that intravenous dipyridamole, now 
routinely available, might enhance 
these promising results. 

The combination of intravenous di- 
pyridamole and maximal, symptom- 
limited treadmill exercise may be an 
attractive option for the following rea- 
sons: 

1. As noted above, in patients who 
are exercise-limited, dipyrida- 
mole provides adequate coro- 
nary vasodilatation in most 
cases, and test sensitivity and 
specificity are equivalent to ex- 
ercise/thallium imaging. 

2. Maximal treadmill exercise pro- 
duces a three- to fourfold in- 
crease in coronary blood flow. 
Dipyridamole may augment the 
vasodilatory response even in 
patients who exercise maxi- 
mally. 

3. Suboptimal coronary vasodila- 
ration and presumably de- 
creased test sensitivity in pa- 
tients who could exercise but not 
achieve a peak heart rate >__ 85% 
of their age-predicted maximum 
would be less likely. 

4. The likelihood of a patient be- 
ing a dipyridamole "non-re- 
sponder" would be less likely. 

However, there are potential limi- 
tations to this combined dipyrida- 
mole-exercise approach: 

1. The addition of dipyridamole to 
exercise increases the cost of 
each test by approximately 
$100. 

2. With augmentation of coronary 
blood flow there is a potential 
for increased "coronary steal" 
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and thus increased myocardial 
ischemia with associated side ef- 
fects. 
Dipyridamole infusion is gener- 
ally performed supine, whereas 
treadmill exercise is uptight. The 
logistical limitations described 
above for dipyridamole/low- 
level exercise would apply to all 
patients and would thereby 
doubtlessly decrease laboratory 
efficiency. 

S U M M A R Y  

The substitution of intravenous di- 
pyridamole for symptom-limited 
treadmill exercise has provided a non- 
invasive means to diagnose coronary 
artery disease with 2°~T! scintigraphy 
in patients unable to adequately ex- 
ercise. Limitations of dipyridamole/ 
thallium imaging are primarily due to 
suboptimal image quality secondary 
to hepatic tracer concentration and 
decreased test sensitivity in patients 
who are dipyridamole "non-re- 
sponders," Low-level treadmill exer- 
cise supplementation improves image 
quality, whereas handgrip has little, if 
any, benefit. The effect of low-level 
exercise in augmenting coronary 

blood flow is unknown and reports 
regarding the effect of handgrip are 
conflicting. The diagnostic benefit of 
these maneuvers in improving test 
sensitivity and decreasing the number 
of "non-responders" has not been 
documented. The combination of 
maximal, symptom-limited treadmill 
exercise and intravenous dipyrida- 
mole is a theoretically attractive op- 
tion to improve overall test sensitivity, 
but the physiologic consequences and 
potential side effects should be more 
thoroughly investigated. 

E. Gordon DePuey 
SI. Luke's'-Roosevett Hospital 

New York, New York 
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