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Myocardial perfusion imaging is still a mainstay for
the diagnosis and management of coronary artery dis-
ease. As a consequence, millions of US patients are
examined with this technique every year.! There are
crucial points regarding the conduction of the procedure
in order to guarantee optimal patient preparation, image
quality, and analysis. Among those critical points are the
choice and dose of the radiotracer, ECG-gated testing
(for the assessment of left ventricular volumes and
ejection fraction) and the compulsory quantification of
the extent of affected myocardium (scar vs. ischemia,
percentage of the left ventricular myocardium). (More
details on state-of-the-art myocardial perfusion imaging
can be found in the respective guidelines as released,
e.g., by ASNC, SNMMI, or EANM).> Another utterly
important point regarding the conduction of myocardial
perfusion imaging tests is that patients are recommended
to be stressed adequately.” Whenever possible, physical
exercise using either a treadmill or a bicycle ergometer
should be the preferred method. If the patient is unable
to exercise adequately, pharmacological agents to
increase myocardial blood flow sufficiently to detect
hemodynamically relevant coronary stenoses can be
applied with comparable sensitivity and specificity.*
Currently, the most frequently used pharmacological
stressors are regadenoson and adenosine. These sub-
stances bind to the adenosine receptor A2A in coronary
arteries and initiate a dilatation of these vessels, which,
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in turn, increases myocardial blood flow up to fourfold.
Dipyridamole acts via the same axis by an increase of
intrinsic adenosine (through the inhibition of the cellular
reuptake of adenosine into platelets, red blood cells, and
endothelial cells). Unfortunately, all of these pharma-
cological stressors may have considerable side effects:
Adenosine also binds to other adenosine receptor sub-
types, which may result in significant arrhythmias (e.g.,
AV block and other arrhythmias), dilatation of periph-
eral vessels, hypotension, reflex tachycardia, and
bronchoconstriction. Regadenoson is thought to have
less side effects as it binds to the other adenosine
receptor subtypes with lower affinity. The only infre-
quently used pharmacological stressor in myocardial
perfusion imaging is dobutamine. Dobutamine is a
sympathomimetic drug and is used in patients with
severe COPD or asthma as it does not cause
bronchoconstriction.

It is known that without adequate exercise the
sensitivity of myocardial perfusion studies decreases
significantly.> Accordingly, patients that are scheduled
to undergo exercise for myocardial perfusion imaging
are asked to stop taking medicine that may interfere with
an increase of the heart frequency, particularly beta-
blockers. For pharmacological vasodilation using ade-
nosine, regadenoson or dipyridamole patients are asked
to abstain from any methylxanthines (such as theo-
phylline, caffeine, and chocolate) as they effectively
block the adenosine receptor.® This may result in a false-
negative scan or, at least, decrease the extent of the
stress-induced perfusion defect. Rates of false-negative
myocardial perfusion imaging studies have been repor-
ted to be as high as 5 to 10%.”® Data suggest that up to
one third of these false-negative scans are related to
inadequate stress either through administration errors or
drug interactions.” This points out the importance of
adequate pharmacological stress and that it is crucial to
ask patients undergoing myocardial perfusion imaging
to abstain from methylxanthines. Interestingly, caffeine
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was still present in the blood in 40% of the patients
when abstaining from caffeine for 24 hours.'® This
indicates, that despite adherence to current guidelines
some patients may have substantial caffeine blood levels
which may interfere with myocardial perfusion imaging.
Another problem is the lack of any definite clinical sign
to conclude that patients were adequately stressed fol-
lowing the injection of adenosine receptor agonists.'’
An inadequate hemodynamic response is even known be
an independent prognostic predictor of poor outcome.'?
Accordingly, an independent, easily accessible and
noninvasive marker for the estimation of hemodynamic
response to adenosine receptor agonists would be
desirable and of high clinical relevance. Just recently,
the so-called splenic switch-off sign has been described
as a tool for the assessment of stress adequacy in ade-
nosine  myocardial  perfusion imaging."*>  This
phenomenon occurs as adenosine receptor Al-stimula-
tion reduces splanchnic artery perfusion. This was first
noted on MR perfusion imaging in terms of a visual
attenuation of splenic perfusion during adenosine
application.'® Initial studies suggest that the splenic
switch-off sign is a more reliable marker of hemody-
namic response to adenosine application than changes in
heart rate, blood pressure or the occurrence of physical
symptoms.'> The problem that the switch-off sign can
only be seen following contrast media application has
been overcome by using a native T1-mapping technique
for the quantification of tissue blood volumes without
contrast application.'® The splenic reaction to adenosine
stress may thus be used to monitor and guide the dose of
adenosine application. In one study, 74 of 955 patients
did not respond to standard adenosine administration
(140 mg/kg/min). Concomitantly, adenosine infusion
dose was increased up to 210 mg/kg/min. 61 of the 74
patients (82%) also demonstrated a splenic switch-off."”
To overcome the dependence on spleen perfusion MRI
to monitor an adequate response to adenosine, ultra-
sound may be used. A recent study compared the onset
of splenic switch-off on MRI with a decrease of splenic
artery peak velocity using color Doppler in 26 patients.
24 patients with splenic switch-off demonstrated a drop
in splenic artery peak velocity whereas the failing
splenic switch-off in the remaining 2 patients was par-
alleled by an absent drop in splenic artery peak velocity
on ultrasound.'®

In the current issue of the Journal of Nuclear Car-
diology, Bami et al report for the first time in a very nice
study on the utility of the splenic response under
dipyridamole stress in Rubidium-82 PET myocardial
perfusion imaging.'” The authors suggest an simplified
approach to estimate the splenic response and establish a
cutoff value for a normal splenic response using a cohort
of patients with normal global myocardial flow reserve
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and normal PET interpretation. Also, the authors fol-
lowed up 703 patients with normal PET myocardial
perfusion scans regarding the occurrence of major
adverse cardiac events (MACE) within 1 year. Patients
with normal summed stress scores (SSS < 4) and nor-
mal summed difference scores (SDS <2) had a
significantly higher MACE rate in case they were sple-
nic nonresponders (7.8% vs 2.9% and 7.4% vs 2.2%,
respectively). Most importantly, an absent splenic
response remained an independent prognostic factor in a
multivariate analysis. Even though, these results are
highly promising, there are two factors that may prevent
the broad application of this approach in clinical routine.
First, a recent MRI study has demonstrated that the
splenic switch-off phenomenon may be less sensitive to
caffeine intake than the vasodilation in coronary arter-
ies.” Therefore, the splenic response to adenosine may
not be used as a marker of adequate hemodynamic
response. Secondly - this may be the death knell for the
splenic switch-off sign as a novel, important prognostic
marker - this phenomenon can only be observed when
patients are stressed with adenosine or dipyridamole, but
not with regadenoson or dobutamine. Since the approval
of regadenoson by the FDA for the use as a pharmaco-
logical vasodilator for myocardial perfusion imaging in
2008, this agent is now by far the most often used stress
agent in nuclear medicine laboratories in the US, cov-
ering about 84% of the market by 2013.>' We are thus
still left with the question: are you stressed
(adequately)?
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