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Background. Acute psychological stressors such as anger can precipitate ventricular
arrhythmias, but the mechanism is incompletely understood. Quantification of regional
myocardial sympathetic activity with 123I-metaiodobenzylguanidine (123I-mIBG) SPECT
imaging in conjunction with perfusion imaging during mental stress may identify a mismatch
between perfusion and sympathetic activity that may exacerbate a mismatch between perfusion
and sympathetic activity that could create a milieu of increased vulnerability to ventricular
arrhythmia.

Methods. Five men with ischemic cardiomyopathy (ICM), and five age-matched healthy
male controls underwent serial 123I-mIBG and 99mTc-Tetrofosmin SPECT/CT imaging during
an anger recall mental stress task and dual isotope imaging was repeated approximately 1 week
later during rest. Images were reconstructed using an iterative reconstruction algorithm with
CT-based attenuation correction. The mismatch of left ventricular myocardial 123I-mIBG and
99mTc-Tetrofosmin was assessed along with radiotracer heterogeneity and the 123I-mIBG heart-
to-mediastinal ratios (HMR) were calculated using custom software developed at Yale.

Electronic supplementary material The online version of this

article (https://doi.org/10.1007/s12350-020-02372-1) contains sup-

plementary material, which is available to authorized users.

Ricardo Avendaño and Taraneh Hashemi-Zonouz have contributed

equally to this work.

The authors of this article have provided a PowerPoint file, available

for download at SpringerLink, which summarizes the contents of the

paper and is free for re-use at meetings and presentations. Search for

the article DOI on SpringerLink.com.

The authors have also provided an audio summary of the article, which

isavailable to download as ESM, or to listen to via the JNC/

ASNCPodcast.

Funding: This work was supported in part by two Investigator Initiated

Trial Grants from General Electric Healthcare, Inc. (M150714,

Lampert13-MIBG-004Grants, Lampert & Liu), two Grant-in-Aid

research grants from the American Heart Association

(13GRNT17090037 Chi Liu and 14GRNT19040010, Y-H Liu), NIH

R01 Grant (R01 HL084438, Burg), and NIH T32 training Grant

(HL098069, Sinusas). No other potential conflict of interest relevant

to this article was reported.

Reprint requests: Yi-Hwa Liu, PhD, Section of Cardiovascular Medi-

cine, Department of Internal Medicine, Yale University School of

Medicine, Dana 3, PO Box 208017, New Haven, CT 06520-8017;

yi-hwa.liu@yale.edu

1071-3581/$34.00

Copyright � 2020 American Society of Nuclear Cardiology.

798



Results. The hemodynamic response to mental stress was similar in both groups. The
resting-HMR was greater in healthy control subjects (3.67 ± 0.95) than those with ICM
(3.18 ± 0.68, P = .04). Anger recall significantly decreased the HMR in ICM patients
(2.62 ± 0.3, P = .04), but not in normal subjects. The heterogeneity of 123I-mIBG uptake in the
myocardium was significantly increased in ICM patients during mental stress (26% ± 8.23%
vs. rest: 19.62% ± 9.56%; P = .01), whereas the 99mTc-Tetrofosmin uptake pattern was
unchanged.

Conclusion. Mental stress decreased the 123I-mIBG HMR, increased mismatch between
sympathetic activity and myocardial perfusion, and increased the heterogeneity of 123I-mIBG
uptake in ICM patients, while there was no significant change in myocardial defect size or the
heterogeneity of 99mTc-Tetrofosmin perfusion. The changes observed in this proof-of-concept
study may provide valuable information about the trigger–substrate interaction and the
potential vulnerability for ventricular arrhythmias. (J Nucl Cardiol 2022;29:798–809.)

Key Words: 123I-mIBG Æ HMR Æ Sympathetic activation Æ Ventricular arrhythmia Æ Sudden
cardiac death

Abbreviations
HMR Heart-to-mediastinal ratio

ICD Implantable cardioverter defibrillator

ICM Ischemic cardiomyopathy
123I-mIBG 123I-metaiodobenzylguanidine

LV Left ventricle

LVEF Left ventricular ejection fraction

SCD Sudden cardiac death

SPECT Single-photon emission computed

tomography
99mTc Technetium-Tc99m

VA Ventricular arrhythmia

INTRODUCTION

Sudden cardiac death (SCD) is a significant contrib-

utor to overall mortality in the general population.1 While

the majority of SCD events occur in individuals with no

known history of cardiovascular disease,2 underlying

coronary artery disease (CAD) plays a vital role in the

incidence of SCD.2–6 The relationship between psycho-

logical stress and SCD is well established and is increased

during emotionally impactful events such as natural

disasters, major sporting events, or terrorists attacks.7–11

Similarly, mental stress incited by anger can also trigger

ventricular arrhythmias.12 We have previously reported in

a laboratory study that performance of mentally stressful

tasks increases sympathetic activation,13–15 and those

with the most significant increases in sympathetically

mediated electrophysiological changes were most likely

to have life-threatening ventricular arrhythmias.16 How-

ever, the pathophysiological links between stress-induced

sympathetic activation and SCD have not been fully

defined and require further investigation.
123I-metaiodobenzylguanidine (123I-mIBG) is an

established radiotracer for detection of the sympathetic

innervation in the heart17–19 that can be imaged using

planar or single-photon emission computed tomography

(SPECT) for assessment of the risk of ventricular

arrhythmias (VA) and SCD in patients with ICM20–25

and for prediction of mortality in patients with heart

failure (HF).26–28 While the majority of 123I-mIBG

imaging has been restricted to the assessment of global

indices of sympathetic function and its association with

VA,29,30 there appears to be a high correlation between

innervation/perfusion mismatch and incidence of VA in

patients with ICM.31 Lautamaki et al demonstrated the

relationship between innervation/perfusion mismatch

and vulnerability of VA using multi-isotope PET imag-

ing. 32 Other investigators, using SPECT imaging in

combination with electrophysiological (EP) testing

reported that decreased uptake of 123I-mIBG in the

infarct border zone was associated with VA inducibil-

ity.33 Based on these prior studies demonstrating

associations of abnormal 123I-MIBG indices and both

clinical and induced arrhythmia, we hypothesized that

anger provocation could increase sympathetic-perfusion

mismatch as measured by 123I-mIBG SPECT imaging in

conjunction with 99mTc-tetrofosmin SPECT imaging in

patients with ICM at risk for SCD who had previously

received an implantable cardioverter defibrillator (ICD).

Based on the known mechanistic role of electrical

heterogeneity in arrhythmogenesis,16,34–37 we also

investigated a new 123I-MIBG marker of heterogeneity

of sympathetic activation in exploratory fashion.

METHODS

Following the approval of the Yale Human Inves-

tigations Committee, we prospectively enrolled ten

patients (all males, ages 59.7 ± 7.6 years) at the Yale

New Haven Hospital. All subjects signed a written

informed consent form. Five patients from an ongoing

study of mental stress in patients with cardiomyopathy
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and implanted defibrillators underwent the addition of

MIBG imaging after modification of that protocol.

(R01HL084438) As the funding for this pilot study

was limited, a homogeneous group was chosen which

included male patients with ischemic myopathy over

55 years old. Controls were healthy age- and sex-

matched volunteers, drawn from a study developing a

normal database for MIBG.38 Hemodynamic variables

were measured continuously throughout the imaging

protocol for both the rest and mental stress studies in all

subjects. Blood samples for catecholamine analysis were

drawn at the rest and stress and analyzed at the Yale

Center for Clinical Investigation.

Mental Stress Protocol

As shown in Figure 1, all subjects underwent

sequential 123I-mIBG and 99mTc-tetrofosmin ECG-gated

SPECT imaging during mental stress, and follow-up

dual isotope SPECT imaging at rest on a separate day

approximately 1 week later. All subjects underwent our

standard anger recall mental stress protocol39 in two

separate occasions within the same day at the time of
123I-mIBG and 99mTc-tetrofosmin injection and imaging

as shown in Figure 1. This stress protocol has been

shown to be highly reproducible if performed in two

separate occasions.40 During the stress day, the room

lights were dimmed to maintain a quiet environment. In

the baseline period, starting at least 30 minute after the

intravenous (IV) placement, patients were encouraged to

think about past relaxing situations, followed by a 10-

minute period of anger recall. For the latter, patients

described a recent event eliciting irritation, annoyance,

or frank anger, with the insertion of frequent irritating

questions by the interviewer to facilitate a re-experienc-

ing of the event. For stress imaging, the radiotracers

were injected at 5 minute into the period of provoked

anger recall. One week later, sequential rest 123I-mBIG

and 99mTc-tetrofosmin SPECT images were acquired

with an identical acquisition imaging protocol, starting

30 minute after IV insertion, with patients instructed to

think of relaxing situations throughout. The left ven-

tricular ejection fraction (LVEF) was measured from the

3D ECG-gated 99mTc-tetrofosmin SPECT images at

each time experimental timepoint using Yale SPECT

quantification software.41

SPECT 123I-mIBG Imaging and Analysis

All subjects underwent five 15-minute dynamic

SPECT scans at 0, 30, 90, 120, and 180 minute after

injection of 123I-mIBG 235.32 ± 66.6 MBq

(6.36 ± 1.8 mCi). The images acquired at the critical

early time point were used for data analysis, since this

reflects the time of maximal hemodynamic response to

mental stress, increases in circulating catecholamines,

and precedes the generation of radiotracer metabolites.

SPECT data were acquired in raw listmode with a

32 9 32 matrix and 2.5 9 2.5 mm2 pixel size for

15 minute with 10% energy window (± 5%) centered

at the 123I photopeak (159 keV) using a stationary

cardiac-dedicated hybrid SPECT/CT scanner equipped

with cadmium zinc telluride (CZT) detectors and 19

tungsten pinhole collimators (Discovery NM/CT 570c;

GE Healthcare). A non-contrast CT scan was acquired

for nonuniform attenuation correction of SPECT images

using the following acquisition parameters: 120 kVp,

60 mA, pitch of 0.984, slice thickness of 2.5 mm, and

rotation speed of 0.4 s. X-ray CT images were recon-

structed using filtered backprojection with a voxel size

of 0.977 mm3 and SPECT images were reconstructed

with a matrix size of 70 9 70 and pixel size of

3.2 9 3.2 mm2 using the maximum-likelihood expecta-

tion maximization algorithm with the CT-based

attenuation correction.

For SPECT/CT 123I-mIBG imaging quantification,

the upper and lower limits of the heart were determined

by the central transaxial slice of CT images co-regis-

tered with SPECT, and the volume of interest (VOI) of

the left ventricle (LV) was automatically segmented

using a previously published bimodal median threshold

algorithm.42,43 Mean counts in the LV myocardium were

calculated from the LV regions segmented, and mean

counts of the background were calculated from the

mediastinal volume with a fixed size of 5 9 5 9 5

voxels manually defined. This approach, has yielded

results that correlate and are highly reproducible with

the more conventional planar imaging methods. 38 The

approach for quantification of the HMR from SPECT

images is illustrated in Figure 2.

SPECT/CT 123I-mIBG defect sizes derived from all

slices were summed to calculate the total myocardial

perfusion defect size (%LV) for the entire LV and

inhomogeneity of tracer uptake was used as an explora-

tory measure of heterogeneity of cardiac sympathetic

innervation. Inhomogeneity was defined as a percent

variability (standard deviation divided by mean counts)

derived from the three regional circumferential count

profiles (base, mid-ventricular and apical) of the short-

axis SPECT slices generated by the Yale quantification

software.41

SPECT 99mTc-Tetrofosmin Imaging
and Analysis

SPECT data were acquired in raw listmode for

15 min at 30 min post 99mTc-Tetrofosmin

351.5 ± 21.46 MBq (9.5 ± 0.58 mCi) injection with
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10% energy window (± 5%) centered at the 99mTc

photopeak (140 keV) using the same hybrid SPECT/CT

scanner and imaging protocol as those used in the 123I-

mIBG imaging. Images were reconstructed with the

same parameters as used in the 123I-mIBG SPECT/CT

reconstructions described above. Myocardial perfusion

defect size and LVEF were determined from the

reconstructed SPECT images using the Yale SPECT

quantification software,41 based on the circumferential

count profiles of SPECT images.44 In brief, circumfer-

ential count profiles were generated slice-by-slice from

the radial sectors of SPECT short-axis slices via

maximal count sampling. Each circumferential count

profile was normalized to the peak value of the corre-

sponding count profile. Lower limit of normal (LLN)

radiotracer distribution was calculated as the mean

minus 2 standard deviations (SD) of the normalized

count profiles, derived from the Yale Nuclear Cardiol-

ogy Laboratory database of healthy normal volunteers.

The normalized circumferential count profiles from

patients were compared against the profiles of the

LLN distribution on a slice-by-slice basis to calculate

myocardial perfusion defect size via integrating the area

between the normalized circumferential count profiles of

patients and the LLN profiles. Ultimately, the defect

sizes derived from all slices were summed to calculate

the total myocardial perfusion defect size (%LV) for the

entire LV.

Statistical Analysis

All statistical analyses were performed using

GraphPad Prism Version 8. Data were expressed as

mean ± SD in bar graphs. Paired two-tailed t test was

used to analyze same group analysis and unpaired two-

tailed t test was used for comparisons of difference

between two measures. P\ .05 was considered as

statistically significant in the comparisons.

RESULTS

Population Characteristics
and Hemodynamic Response to Mental
Stress

The demographic and clinical characteristics of the

age-matched healthy controls (n = 5, mean age

59.4 ± 5.7) and ICM patients (n = 5, mean age

67.0 ± 9.6) are summarized in Table 1. As shown in

Table 2, baseline hemodynamics were similar between

the two groups. There were no significant differences

between ICM patients and controls in hemodynamic

Figure 1. Schematic diagram of the study protocol.
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Figure 2. Illustration of our SPECT approach for segmentation and quantification of the HMR for
a patient from the ICM group from the hybrid SPECT/CT images. An elliptical region was used to
locate heart, and a square ROI was used for determination of mediastinal activity. The binary image
represents the mask used for quantification of myocardial uptake. The red arrows indicate the areas
of myocardial perfusion defects. Heart-to-mediastinal ratio (HMR), left ventricle (LV), region of
interest (ROI).

Table 1. Demographics and clinical characteristics

Healthy controls (n = 5) ICM patients (n = 5)

Age (years) 59.4 ± 5.70 67.0 ± 9.61

Male 5 (100%) 5 (100%)

EF% 56.6 ± 1.14 30.8 ± 9.3

CAD 0 (0%) 5 (100%)

HTN 1 (20%) 5 (100%)

DM 0 (0%) 2(40%)

Smoking 1 (20%) 4 (80%)

Medications

Beta-Blockers 0 (0%) 5(100%)

ACE or ARB 0 (0%) 4 (80%)

CCB 1 (20%) 2 (40%)

Digoxin 0 (0%) 2 (40%)

Amiodarone 0 (0%) 1 (20%)

CAD Coronary Artery Disease, CCB Calcium Channel Blockers, DM Diabetes Mellitus, EF Ejection Fraction, ICM Ischemic Cardiomyopathy, SD Standard Deviation
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response to anger recall mental stress for between-group

comparisons. Within-group analysis showed significant

changes with the stress in systolic and diastolic blood

pressure, heart rate and norepinephrine levels in con-

trols, while in the ICM group, only the change in

systolic blood pressure reached the statistical

significance.

123I-MIBG HMR AT BASELINE AND DURING
ANGER RECALL

Baseline 123I-mIBG HMR was lower in the ICM

patients (3.18 ± 0.68) versus control subjects

(3.67 ± 0.95, P = .37) as shown in Figure 3. Anger

recall mental stress significantly decreased HMR (from

3.18 ± 0.68 to 2.62 ± 0.63, P = .04) in ICM patients but

not in the controls (from 3.67 ± 0.96 to 3.48 ± 0.59,

P = .76), with a significant between-group difference in

change in HMR with stress, P = .04).

123I-MIBG UPTAKE RELATIVE TO PERFUSION
AT BASELINE AND DURING ANGER RECALL

Representative rest and anger recall mental stress

SPECT 123I-mIBG and 99mTc-Tetrofosmin images from

an ICM patient are shown in Figure 4. Anger recall

mental stress was associated with an increase in the 123I-

mIBG defect as seen clearly on the horizontal long-axis

images, although there was no significant change in
99mTc-Tetrofosmin perfusion. The average changes in

SPECT 123I-mIBG and 99mTc-Tetrofosmin defect sizes

at rest and during stress are shown in Figure 5 for all

ICM patients. There was a significant increase in 123I-

mIBG defect size for the ICM patients (Figure 5A)
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Figure 3. SPECT HMR after mental stress and at rest in
normal controls (A) and ICM patients (B). There was a
significant decrease in HMR following mental stress compared
to baseline in patients with ICM (stress: 2.62 ± 0.63; rest:
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during anger recall mental stress (rest: 16.2% ± 8.29%;

anger recall mental stress: 25% ± 10.1%; P = .02),

whereas the 99mTc-Tetrofosmin defect size (Figure 5B)

did not change significantly (rest: 14.2% ± 7.33%; anger

recall mental stress: 16.2% ± 7.53%; P = .15). 99mTc-

Tetrofosmin TID index (transient ischemic dilation) did

not demonstrate significant change in LV volume with

stress (mean = 1.038; SD = 0.056). The control (nor-

mal) patients demonstrated no perfusion defects at stress

or rest.

Heterogeneity of Myocardial 123I-mIBG
Uptake

The heterogeneity of myocardial 123I-mIBG uptake

calculated for the apical, mid-ventricular, and basal

regions of the myocardium during the rest and mental

stress in both normal and ICM patients is summarized in

Figure 6. The percentage variability of 123I-mIBG

uptake in the apical and mid-ventricular regions was

significantly increased after anger recall mental stress in

ICM patients but did not change in the normal control

subjects. There were no significant changes observed in

the percentage variability of 123I-mIBG uptake in the

basal region in either groups. Percentages of uptake per

myocardial region are summarized in Table 3.

DISCUSSION

In this study, we found that laboratory-induced

recall of a previous incident that provoked anger led to a

significant reduction in the HMR of patients with known

ICM, whereas the HMR did not change in healthy

normal subjects with anger recall stress. In addition, we

observed increased heterogeneity of cardiac sympathetic

activity in patients with ICM as assessed by quantitative
123I-mIBG SPECT imaging, while the pattern of 99mTc-

tetrofosmin SPECT perfusion did not significantly

change, suggesting that mental stress also induced an

increase in sympathetic activity/perfusion mismatch in

patients with ICM.

Unlike norepinephrine, 123I-mIBG is an analogue of

the false neurotransmitter guanethidine which is not

metabolized following intravenous injection and there-

fore accumulates in the presynaptic terminal,45

providing an indirect evaluation of the presynaptic

integrity.46 The use of 123I-mIBG imaging to evaluate

denervated myocardium following myocardial infarction

has been extensively reported,17–19,21,24. Furthermore,

abnormal 123-mIBG uptake has been shown to be

associated with worse prognosis and death particularly

in patients with ICM, 22,25–28,47 and vulnerability for

developing VA.29,30,48 Similarly, 11C-hydroxyephedrine

(HED) a PET radiotracers has been used to evaluate

Figure 4. Horizontal long-axis slices of the SPECT acquisition from a patient of the ICM group at
rest and mental stress with 123I-mIBG (top) and 99mTc-Tetrofosmin (bottom). The transition from
the inferior surface of the heart progressing to the anterior surface is displayed from left to right.
Following mental stress, there is an increase in 123I-mIBG defect size as evident by a relative
decrease in 123I-mIBG uptake to 99mTc-Tetrofosmin following anger recall mental stress. There
appears to be a change in LV chamber size between rest and stress images.
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cardiac sympathetic neuronal function and to predict the

specific-mortality from SCD independent of LVEF in

patients with ICM.49,50 Although the HMR quantified

from planar 123I-mIBG images provides a useful global

index of cardiac sympathetic innervation,51 more

recently the assessment of the innervation/perfusion

mismatch from dual isotope cardiac SPECT may define

the potential mechanisms for the association between

sympathetic denervation and arrhythmic risk.31,52

While between-group comparisons of hemody-

namic response to anger recall showed no difference

between ICM patients and healthy controls (Table 2),

the significant within-group differences seen in healthy

controls but not in the ICM patients might be due to the

fact that the majority of the ICM patients were either on

betablockade (100%) or anti-hypertensive medications

(80%), as these medications have been shown in prior

studies to decrease hemodynamic response to mental

stress. 53 Whether these patients’ beta-blockers similarly

blunted the effects of anger on the 123I-MIBG uptake is

unknown.

For the analysis of the 123I-mIBG data, we focused

on the early SPECT images (before 10 min) at which

time the anger recall mental stress induced the greatest

hemodynamic response. Analysis of this early time point

may also be critical since we previously demonstrated

that the 123I-mIBG metabolites usually peak between 10

and 15 min after radiotracer injection.54 As expected,

we also observed a global reduction in the 123I-mIBG

HMR in ICM patients compared to the age-matched

normal controls. However, 123I-mIBG SPECT imaging

of patients with ICM demonstrated heterogeneity of

sympathetic activity under resting conditions, which

were exacerbated during the anger recall mental stress.

More specifically, this change in regional myocardial
123I-mIBG activity with mental stress occurred inde-

pendent of any changes in regional myocardial

Figure 5. Assessment of SPECT 123I-mIBG (A) and 99mTc-
Tetrofosmin (B) defect sizes at rest and after anger recall
mental stress in ICM patients. There was a significant increase
in 123I-mIBG defect size in ICM patients after mental stress,
although there was no significant change in 99mTc-Tetrofosmin
defect size associated with mental stress.

Figure 6. Heterogeneity of myocardial 123I-mIBG uptake in
apical (A), mid-ventricular (B), and basal (C) regions during
rest and anger recall mental stress in normal controls and ICM
patients. The percentage variability of 123I-mIBG uptake in the
apical and mid-ventricular regions was significantly increased
after mental stress in ICM patients but not in normal control
subjects. No significant changes were observed in the
percentage variability of 123I-mIBG uptake in the basal region
in both groups.
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perfusion, resulting in regional innervation/perfusion

mismatch.

The changes in regional myocardial 123I-mIBG

uptake, independent of 99mTc-tetrofosmin perfusion,

increases in heterogeneity of local myocardial sympa-

thetic activity under conditions of psychological stress

may guide speculation into pathways through which

stress precipitates ventricular arrhythmias, as previously

shown. 7,12 Stress and increases in catecholamines

increase electrical heterogeneity 16 which in turn is

associated with arrhythmogenesis.26,28–30,55 Our findings

suggest that stress-induced heterogeneity of local sym-

pathetic activity could potentially underlie the increases

in electrical heterogeneity seen with stress. Furthermore,

previous experimental studies have also demonstrated

that the sympathetic nervous system modulates hetero-

geneity of cardiac conduction, through promoting

lateralization of connexins near the infarct border zone

which are thought to augment conduction and thus

promotes heterogeneity in electrical activation and

propagation.56 Further, heterogeneity of 123I-mIBG

uptake in the border zone or scar tissue has been shown

to be associated with inducibility of VA on electro-

physiologic studies.33

Clinical Implications

While the data are most relevant as a proof-of-

concept study in helping to elucidate mechanisms

underlying the previously demonstrated increase in

electrical heterogeneity with mental stress, 16,34–37 there

are possible clinical implications that should be further

studied in larger cohorts to confirm the results. Over the

past three decades, several studies have reported the

usefulness of 123I-mIBG imaging for the assessment,

prognostication and risk stratification many clinical

populations, particularly in those with heart

failure.17–19,21,22,25,27–31

It is possible that mental rest/stress dual isotope
123I-MIBG and 99mTc-tetrofosmin SPECT imaging

could further improve the predictive value of 123I-MIBG

imaging in identifying patients at risk for SCD. Arrhyth-

mias require both substrate and trigger, and assessments

which include how triggering factors interact with

substrate may provide more predictive value than

assessments measuring substrate alone.

LIMITATIONS

The proof-of-concept study has several limitations

among which the main limitations are the small sample

size and the highly selected population. All studies were

done with anger on the first day, and rest 1 week later, in

order to minimize contamination of the rest phase withT
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anticipatory anxiety and novelty. We cannot exclude the

possibility that patients were anxious even though the

setting was no longer novel; were this the case, the true

impact of stress on the MIBG parameters may be

stronger than demonstrated.

While age matching among the two cohorts was

performed as closely as possible, there remained an 8-

year difference and the possibility that age contributed

to the differences seen can be excluded. Some,57 but not

all,58–61 prior studies have shown MIBG abnormalities

in healthy elderly individuals. In addition, whether or

not women would demonstrate similar responses as seen

in the present study may require further investigation.

Finally, despite abundant evidence demonstrating

the use of 123I-mIBG imaging for the characterization of

cardiac sympathetic denervation and prediction of future

arrhythmia, the clinical use of 123I-mIBG remains

limited in the United States.

NEW KNOWLEDGE GAINED

The present study showed an association between

psychological stress and alterations in the 123I-mIBG

HMR and an increased mismatch in perfusion and

denervation, as well as increase in heterogeneity of 123I-

mIBG uptake in patients with ICM. These findings may

improve our understanding of the interaction between a

stress trigger and underlying substrate in ways which

promote arrhythmogenesis.

CONCLUSIONS

In this proof-of-concept study, anger recall mental

stress resulted in a significant decline in the 123I-mIBG

HMR for ICM patients, and an increase in the hetero-

geneity of sympathetic activation for these patients, that

was not associated with changes in myocardial perfu-

sion, findings which may help elucidate the electrical

changes seen previously with stress. Further research is

needed to determine whether the use of non-invasive

dual isotope 123I-mIBG and 99mTc-tetrofosmin SPECT/

CT imaging during a mental stress protocol can help

further stratify patients at risk for the development of

VA and SCD.
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