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The entire heart is surrounded and penetrated by a

dense mesh of autonomic nervous terminals that con-

stantly modulate its activity.1-3 Specifically, the

autonomic nervous system includes both a parasympa-

thetic and a sympathetic branch, which are equally

important and have specular effects on cardiac function.

As a general rule, the activation of the adrenergic system

causes a rapid increase of heart rate, blood pressure, and

cardiac contractility.1 While those actions may be

effective in the acute phase (i.e., during exercise), they

have a deleterious impact on cardiac hemodynamic in

the long run.4 In particular, the sustained hyper-activa-

tion of the adrenergic nervous system, such as in the

case of heart failure, causes a chronic spillover of

norepinephrine from the sympathetic terminals with

down-regulation of both postsynaptic receptors and pre-

synaptic re-uptake mechanism and secondary myocar-

dial functional denervation.5,6

Interestingly, despite the clear relevance of the

sympathetic nervous system (SNS) on cardiac patho-

physiology, in the clinical field the evaluation of cardiac

adrenergic tone has been mainly performed through

indirect, modestly reproducible, indexes (i.e., barore-

ceptor activity and heart rate variability).7,8

On the other hand, while nuclear cardiology has

classically offered the chance to directly evaluate car-

diac SNS activity and to derive some of the most

accurate measures of myocardial intrinsic adrenergic

tone, it has never gained a wide clinical acceptance.5,9 In

fact, the heart-to-mediastinum (H/M) ratio and the

washout rate of 123I-metaiodobenzylguanidine (123I-

MIBG), as easily quantified through planar scintigraphy,

have long represented the backbone of the radionuclide

evaluation of myocardial adrenergic activity.10 How-

ever, despite solid prognostic evidence in favor of their

implementation in daily clinical routine, planar mea-

sures of cardiac SNS function have remained somehow

neglected, possibly due to the intrinsic rudimentariness

of the technique and to the ability to provide only a

global evaluation of adrenergic activity.9-11

In this context, single-photon emission computed

tomography (SPECT) imaging has represented a long

awaited innovation in nuclear-based innervation imag-

ing, allowing obtaining semi-quantitative measures of

myocardial regional adrenergic heterogeneity, which

have been clearly shown to predict patients’ adverse

prognosis independently from standard planar 123I-

MIBG indexes.11,12 Specifically, an alteration of regio-

nal cardiac adrenergic innervation is typically present in

patients with post-ischemic left ventricular (LV) systolic

dysfunction, where the presence of significant adrener-

gic denervation can be found even in the context of fully

viable myocardial regions.6,13,14 Similarly, early after an

acute coronary syndrome (i.e., an acute myocardial

infarction), the presence of areas of abnormal 123I-

MIBG uptake on SPECT imaging has been shown to

correlate with the area at risk, specifically individuating

the myocardial regions with significant edema.15

On the other hand, SPECT imaging gives the

chance to perform a comprehensive assessment of

myocardial perfusion and sympathetic innervation,

evaluated with the same imaging modality and, fre-

quently, within the same imaging session.13,16

Initial reports have shown that the combined

investigation of LV perfusion and adrenergic innerva-

tion may allow deriving prognostically relevant
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functional measures (i.e., the regional and global

innervation/perfusion mismatch) that may strongly pre-

dict patients’ adverse prognosis, particularly with

respect to malignant arrhythmic events.11,12

The introduction of dedicated SPECT devices

equipped with stationary cadmium-zinc-telluride (CZT)

detectors has allowed performing the analysis of both

LV perfusion and innervation with excellent image

quality, a significantly restrained radiation burden and

short image protocol.14-16

In this context, considering the improved photon

sensitivity and energy resolution of novel cardiac cam-

eras, CZT imaging would give the chance to perform

dual-isotope imaging with the simultaneous adminis-

tration of a perfusion (i.e., 99mTc or 201Tl) and an

innervation (123I-MIBG) radiotracer.

Accordingly, the study of D’estanque et al., pub-

lished in the present number of the Journal of Nuclear

Cardiology�, tried to determine the technical aspects of

the ideal acquisition protocol for combined innervation

and perfusion cardiac imaging with simultaneous
201Tl/123I-MIBG CZT.17 In particular, the need for

delayed acquisition (3 hours after injection) and scatter

correction of dual-isotope 201Tl/123I-MIBG imaging was

evaluated. As a matter of fact, the specifics of the photon

emission patterns of 201Tl and 123I (i.e., lower energy

photons from 123I entering the energy window of 201Tl)

predispose to the possible crosstalk of photons from one

radionuclide to the other radionuclide’s photopeak,

impacting both overall image quality and reliability. To

this purpose, simultaneous 201Tl/123I-MIBG dual-isotope

images obtained with and without scatter correction

(performed using a triple energy window method for
201Tl) were compared, taking as reference an early sin-

gle-isotope 201Tl acquisition.

The authors studied a total of 69 patients with

recent ST elevated acute myocardial infarction shortly

after (12 ± 8 days) effective coronary revasculariza-

tion, also studied with either cardiac magnetic

resonance (CMR) or trans-thoracic echocardiography

for the evaluation of myocardial scar burden. They

concluded that simultaneous 201Tl/123I-MIBG dual-

isotope images acquired without scatter correction

significantly underestimated the burden of residual

myocardial viability (early single-isotope 201Tl data)

due to relevant crosstalk between the two radioiso-

topes. The same findings were also confirmed from the

comparisons of the findings of 201Tl imaging and

CMR/echocardiography, which showed the signifi-

cantly better accuracy of scatter-corrected 201Tl data in

unmasking scarred myocardial segments. Accordingly,

the impact of acquisition time and scatter correction on

the combined evaluation of innervation and perfusion

datasets was investigated.

In this context, in the case of scatter uncorrected

images, a significant overestimation of the areas show-

ing innervation/perfusion mismatch (i.e., impaired

innervation in the setting of normally perfused myo-

cardium) was evident. Therefore, also considering the

higher clinical value of delayed 123I-MIBG, the authors

concluded that the simultaneous dual-tracer 201Tl scat-

ter-corrected/123I-MIBG delayed (3 hours after

injection) acquisition provided the best evaluation of

myocardial viability and sympathetic innervation.

The authors have to be commended for the design

of the study that involves the evaluation of a key pop-

ulation of patients, those having suffered a recent acute

myocardial infarction, that are not generally included in

an imaging study. Accordingly, while the general design

of the study is straightforward, it suffers from some

relative methodological limitations. In fact, since a rel-

evant proportion of the patients’ population did not

undergo CMR for the evaluation of myocardial viability,

but was only submitted to two-dimensional echocar-

diography, the validity of some of the analysis

performed is somehow limited. Nevertheless, the present

study tried to furnish conclusive data on a highly rele-

vant topic for everyday clinical practice, such as the

ideal methodology to assess the interaction between

intrinsic myocardial adrenergic tone and regional

myocardial perfusion in patients at high risk of future

cardiac events.

The idea that the combined analysis of myocardial

regional sympathetic innervation and perfusion dates

back quite a few years, since it was reported that the

burden of abnormally innervated but viable myocardium

could strongly predict the occurrence of major adverse

cardiac events, in particular malignant arrhythmic

events.4,6,11,12 Accordingly, it has been recently reported

that the specific geographical distribution of 123I-MIBG

uptake at myocardial SPECT can be used to guide the

performance and predict the results of the procedures of

transcatheter ablation of ventricular arrhythmias.18,19

Until now, despite the obvious appeal of a dual-

isotope myocardial innervation/perfusion imaging pro-

tocol, most of the studies in whom it was employed have

performed two separate acquisitions to obviate the

development of possible scatter artifacts due to the

crosstalk between the photons of the two radionu-

clides.11,12 In fact, current scatter correction algorithms

may consistently reduce the count statistics of a SPECT

scan by rejecting the photons that fall in the predefined

energy sub-windows of the ‘‘lower energy’’ isotope

(i.e., 201Tl), thus reducing the overall image quality

obtained with tradition cardiac cameras.

The use of novel cardiac cameras equipped with

solid-state CZT detectors could obviate most of the

disadvantages of simultaneous dual-isotope SPECT
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imaging, balancing the unavoidable relative reduction of

count statistics related to scatter correction with their

increased photon sensitivity and energy resolution.20 In

fact, initial reports of dual-isotope imaging with CZT

devices, either with 99mTc/201Tl or 99mTc/123I-MIBG

tracers, have confirmed the feasibility to provide an

excellent overall image quality with contained acquisi-

tion times and enhanced patients’ comfort.14,16,21

Accordingly, present and previous reports suggest

how the introduction of such multi-isotopes acquisition

protocols, particularly if performed with novel CZT

cameras, could facilitate the implementation of accurate,

multiparametric, imaging analyses in daily clinical

practice and allow the combined assessment of distinct

cardiac functional parameters, such as in the case of the

simultaneous evaluation of regional myocardial inner-

vation and viability.

CONCLUSION

The combined evaluation of cardiac sympathetic

innervation and myocardial perfusion in a three-dimen-

sional, accurate, and reproducible manner may represent

a long-time awaited step forward in the characterization

of the pathophysiological mechanisms of various cardiac

diseases, ranging from ischemic heart disease to prim-

itive cardiomyopathies. As a matter of fact, consistent

evidence has been accumulating on the critical role of

myocardial adrenergic nervous system dysfunction (ei-

ther global or regional), as assessed through cardiac 123I-

MIBG SPECT imaging, in predicting adverse patients’

prognosis.5,11,12

Accordingly, even if further high-level scientific

data will be necessary to support the use of combined

innervation/perfusion cardiac imaging (i.e., dual-tracer
201Tl/123I-MIBG or 99mTc/123I-MIBG), the possibility to

easily evaluate these two relevant cardiac functional

variables, such as myocardial regional viability and

adrenergic innervations, could represent a turning point

for better predicting the course of disparate cardiac

pathologies such as heart failure, ventricular arrhyth-

mias, and myocardial infarction.
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