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Abstract
Purpose To evaluate the relationships among myocardial
sympathetic innervation, perfusion and mechanical synchro-
nicity assessed with cardiac cadmium-zinc-telluride (CZT)
scintigraphy.
Methods A group of 29 patients underwent an evaluation of
myocardial perfusion with 99mTc-tetrofosmin CZTscintigraphy
and adrenergic innervation with 123I-metaiodobenzylguanidine
(MIBG) CZT scintigraphy. The summed rest score (SRS),
motion score (SMS) and thickening score (STS), as well as
the summed 123I-MIBG defect score (SS-MIBG), were deter-
mined. Regional tracer uptake for both 99mTc-tetrofosmin and
123I-MIBG was also calculated. Finally, the presence of signif-
icant myocardial mechanical dyssynchrony was evaluated in
phase analysis on gated CZT images and the region of latest
mechanical activation identified.
Results Significant mechanical dyssynchrony was present in
17 patients (59 %) and associated with higher SRS (P=0.030),
SMS (P <0.001), STS (P =0.003) and early SS-MIBG
(P=0.037) as well as greater impairments in left ventricular
ejection fraction (P <0.001) and end-diastolic volume
(P <0.001). In multivariate analysis a higher end-diastolic vol-
ume remained the only predictor of mechanical dyssynchrony
(P=0.047). Interestingly, while in the whole population region-
al myocardial perfusion and adrenergic activity were strongly

correlated (R =0.68), in patients with mechanical dyssynchrony
the region of latest mechanical activation was predicted only by
greater impairment in regional 123I-MIBG uptake (P=0.012)
that overwhelmed the effect of depressed regional perfusion.
Conclusion Left ventricular mechanical dyssynchrony is as-
sociated with greater depression in contractile function and
greater impairments in regional myocardial perfusion and
sympathetic activity. In patients with dyssynchrony, the region
of latest mechanical activation is characterized by a signifi-
cantly altered adrenergic tone.
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Introduction

The assessment of left ventricular (LV) mechanical synchronic-
ity, especially in patients with systolic dysfunction, has gained
increasing relevance [1] and phase analysis on gated single
photon emission computed tomography (SPECT) has been
demonstrated to allow the evaluation of LV mechanical
dyssynchrony in an automatic and reproducible manner [2, 3].
While an alteration of myocardial mechanical synchronicity is
generally believed to be associated with the presence of overt
LV contractile dysfunction, mechanical dyssynchrony has also
been reported to occur in patients with normal systolic function
[4] associating with an adverse prognosis [5]. Different SPECT-
derived functional parameters, i.e. myocardial perfusion abnor-
malities and impaired myocardial contractile function, have
recently been associated with the presence of significant me-
chanical dyssynchrony in different categories of patients [6, 7].
Likewise, a dysfunction of the cardiac adrenergic nervous sys-
tem, assessed through 123I-metaiodobenzylguanidine (123I-
MIBG) scintigraphy, has consistently been associated with an
adverse prognosis [8]. More recently, SPECT technology has
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also been applied to 123I-MIBG imaging, offering the chance to
assess cardiac innervation on a regional basis and to compare
cardiac sympathetic inhomogeneity with regional myocardial
perfusion [9].

An association between dysfunctional cardiac adrenergic
innervation, as shown by 123I-MIBG imaging, and myocardial
dyssynchrony has been proposed but the evidence is still
contradictory, mainly because of the different semiquantitative
imaging modalities used, i.e. planar scintigraphy and SPECT,
and of the intrinsic regionality of the variable measured [10,
11]. The use of dedicated cardiac cameras with cadmium-zinc-
telluride (CZT) detectors, that are characterized by a higher
photon sensitivity and spatial resolution [12, 13], might be
able to evaluate regional myocardial perfusion, innervation
and dyssynchrony with a single-day, low-dose, imaging pro-
tocol. Recently, cardiac CZT has been validated against tradi-
tional SPECT [4] in the assessment of LV mechanical syn-
chronicity in phase analysis, and has been shown to be able to
accurately evaluate regional myocardial contraction despite a
limited acquisition time.

We sought to assess, using CZT imaging, the relationships
among regional cardiac sympathetic activity, myocardial per-
fusion and LV mechanical synchronicity in patients with or
without LV systolic dysfunction.

Materials and methods

Patient population

The study group comprised 29 consecutive subjects who
underwent a combined scintigraphic evaluation of myocardial
resting perfusion and adrenergic innervation as part of a study
protocol. Specifically, 21 patients with ischaemic heart disease
(IHD) and a recent (<1 month) acute myocardial infarction
(MI) were evaluated to compare the extent of cardiac adrener-
gic denervation with the amount of myocardium with compro-
mised perfusion early after revascularization. All patients were
treated with primary percutaneous coronary intervention with
stenting of the culprit coronary lesion. The mean time to
reperfusion from the onset of symptoms was 1.45±0.30 h. In
six of ten patients with multivessel disease, ischaemia-causing
stenoses on nonculprit coronary vessels were also further treat-
ed percutaneously. The characteristics of these patients are
summarized in Table 1. Another eight asymptomatic patients,
referred for 123I-MIBG scintigraphy because of suspected pri-
mary autonomic dysfunction [14], were also studied with
99mTc-tetrofosmin CZTas part of the study protocol. Exclusion
criteria were haemodynamic instability, severely symptomatic
heart failure (New York Heart Association, NYHA, class IV),
valvular disease of moderate or greater severity, previous per-
cutaneous coronary intervention or by-pass graft surgery, and
myocardial infective/inflammatory disease. The presence of

symptomatic heart failure (NYHA class ≥2) was recorded. In
each patient the presence of left bundle branch block and
pathological Q-waves were also determined. Only 4 of 31
patients (13 %) showed left bundle branch block and no patient
showed a ventricular paced rhythm. The study was approved
by the local Ethics Committee and conformed to the Declara-
tion of Helsinki on human research. Written informed consent
was obtained from every patient after they had received an
explanation of the protocol, its aims and potential risks.

Acquisition protocol

Each patient underwent a 123I-MIBG CZT scintigraphy scan
followed by a planar acquisition using a standard camera and
subsequently underwent a 99mTc-tetrofosmin rest CZT scan
using a single-day protocol (74 – 111 MBq for the innervation
scan and 185MBq for the perfusion scan). Themean radiation
exposure for the whole protocol was 4.2 mSv (range
3.4 – 5.2 mSv).

123I-MIBG CZT and planar imaging

Patients were pretreated with sodium or potassium perchlo-
rate. Fifteen minutes and 4 h after the intravenous administra-
tion of 123I-MIBG dose, a CZT acquisition, lasting 10 min,
was performed using a dedicated CZT cardiac camera (Dis-
covery NM 530c; GEHealthcare; Haifa, Israel) equipped with
a multiple-pinhole collimator and 19 stationary CZT detec-
tors. Each detector comprised 32×32 pixelated 5-mm thick
(2.46×2.46 mm) elements. The system enabled high quality
imaging of a three-dimensional volume where the patient’s

Table 1 Characteristics of the 21 patients with ischaemic heart disease

Parameter Value

Demographics and ECG

Age (years), mean ± SD 64±12

Male gender, n (%) 14 (67)

ST-elevated MI, n (%) 17 (81)

Pathological Q waves, n (%) 16 (76)

Coronary anatomy, n (%)

Single vessel disease 11 (52)

Multi-vessel disease 10 (48)

Culprit coronary artery

Left anterior descending 16 (76)

Circumflex 0 (0)

Right coronary artery 5 (24)

Localization of MI, n (%)

Anterior segments 15 (71)

Lateral segments 1 (5)

Inferior segments 5 (24)
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heart was to be positioned. After CZT acquisition, a 10-min
planar image of the anterior thorax was acquired using a dual-
headed gamma camera (E.Cam; Siemens Medical Solution;
Hoffman Estates, IL), equipped with a low-energy all-purpose
parallel-hole collimator. All images were acquired with a 32×
32 matrix and a 20 % energy window centred at the 159 keV
photopeak of 123I. Repeat planar and CZT studies were ac-
quired 4 h after injection.

99mTc-tetrofosmin imaging

After the second MIBG acquisition, rest injection of 99mTc-
tetrofosmin was performed for perfusion evaluation, and from
15 to 30 min after the rest injection, CZT myocardial images
were acquired. Acquisitions lasted 8 min and were preceded
when indicated by the administration of sublingual nitrates
[13]. Patients were imaged in the supine position with arms
placed over their head without any detector or collimator
motion. All images were acquired with a 32×32 matrix and
a 20 % energy window centred at the 140 keV photopeak of
99mTc.

List mode files were acquired and stored. Images were
reconstructed on a standard workstation (Xeleris II; GE
Healthcare, Haifa, Israel) using a dedicated iterative algorithm
with 50 iterations [12, 13]. A Butterworth postprocessing filter
(frequency 0.37, order 7) was applied to the reconstructed
slices. The tomographic studies were also reprojected into
60 planar projections to emulate a standard SPECT layout.
Images were reconstructed without scatter or attenuation
correction.

Qualitative analysis of perfusion and innervation images

99mTc-tetrofosmin and 123I-MIBG CZT images were semi-
quantitatively scored using a 17-segment LV model and a
five-point scale (0 normal, 1 mild, 2 moderate, 3 severe
reduction of radioisotope uptake, 4 absence of detectable
tracer uptake), as previously described [9]. Visual scoring
was performed by two experienced nuclear cardiologists and
consensus was reached in the event of discordance. Thus, the
summed rest score (SRS) and the summed 123I-MIBG scores
(SS-MIBG)were calculated by adding the segmental scores of
the perfusion and innervation images, respectively. Finally,
from early and delayed planar 123I-MIBG scintigraphic im-
ages, the heart-to-mediastinum ratios and the myocardial
washout rate were calculated as previously described [15];
no background correction was performed.

Quantitative analysis of perfusion and innervation images

Quantitative analysis was performed using normalized polar
maps with the same 17-segment LV model. Segmental radio-
tracer uptake was calculated for both the 99mTc-tetrofosmin

and 123I-MIBG scans and expressed as percentage of the peak
tracer uptake. In addition, a regional evaluation of myocardial
perfusion and innervation was performed using commercially
available software (Corridor4DM; Invia, Ann Arbor, MI)
using a five-region model of LV myocardium. This model
separately considered the LV anterior, lateral, inferior and
septal wall, and the apex (Figs. 1 and 2). Accordingly, the
regional tracer uptake for both the 99mTc-tetrofosmin and 123I-
MIBG scans was calculated. Considering the previously pub-
lished data on 123I-MIBG distribution in normal subjects [16]
showing a similar tracer distribution in early and delayed
images and the generally worse image quality of delayed
images, only the early 123I-MIBG SPECT dataset was used
for further analyses. Indeed, in our population the summed
123I-MIBG scores from the early and delayed 123I-MIBG
scans, as a measure of regional tracer uptake, were strongly
correlated (Fig. 3). Finally, in the 21 of 29 patients with IHD
and recent MI, the walls with a relative 99mTc-tetrofosmin
uptake <50 % were considered necrotic.

Analysis of gated images

LV volumes and ejection fraction were measured from gated
99mTc-tetrofosmin images using the same software as used
previously. LV volumes were further indexed in relation to
body surface area. The summed motion score (SMS) and the
summed thickening score (STS) were also obtained using the
same software package [17, 18]. CZT-derived measures of
global and regional myocardial systolic function have recently
been validated against magnetic resonance imaging [19].

Evaluation of LV mechanical dyssynchrony

Mechanical dyssynchrony was evaluated using previously
described software [21]. Briefly, after the initial automatic
localization of endocardial and epicardial boundaries, this
software applies a three-dimensional geometrical approach
with a hybrid sampling structure to calculate regional cardiac
volumes for each frame and to derive the time from end
diastole to the minimum value, analogous to the time to peak
contraction (TTP). The TTP of a region is defined as the
percentage of the cardiac cycle at which the contraction is
maximal [20].

The phase analysis is displayed by means of contractility
curves, where each myocardial region (anterior, lateral, infe-
rior and septal wall, and the apex) is separately represented,
and a contractility histogram, where the phase distribution of
all myocardial regions is displayed. The standard deviation
(SD) of the phase distribution and the histogram bandwidth,
during which 95 % of myocardium initiates contraction, are
automatically generated and expressed as percentage of the
cardiac cycle. All dyssynchrony measures were further con-
verted into degrees by multiplying by 3.6 (360/100) [22]. The
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presence of mechanical dyssynchrony was diagnosed when
the phase bandwidth and/or the SD exceeded by two SDs the
previously published reference values for healthy men (band-
width 39±12°; SD 14±5°) and women (bandwidth 31±10°;
SD 12±5°) [2]. In this respect, CZT-derived measures of
cardiac mechanical synchronicity have recently been shown
to be superimposable on those obtained with traditional
SPECT cameras [4].

As previously reported [22], in patients with mechanical
dyssynchrony, the region of latest mechanical activation of the
LV myocardium was automatically identified by the software
algorithm using the same five-region LV model of the perfu-
sion study. When the latest contracting region was represented
by the apex, the most delayed nearby myocardial wall was
also considered in subsequent analyses.

Statistical analysis

Continuous variables are expressed as means ± SD and cate-
gorical variables as percentages. Groups were compared using
Fisher’s exact test for categorical data and analysis of variance
for continuous variables followed by Fisher’s PLSD for mul-
tiple comparisons. All tests were two-sided. Logistic

regression models were used to identify the determinants of
mechanical dyssynchrony on a per-patient basis and a per-wall
basis. Only variables with a P value <0.05 in univariate
analyses were included in the multivariate models. The pre-
dictive value of a variable was expressed as the odds ratio
(OR) with corresponding 95 % confidence interval (CI); the
Wald test was used for significance. A P value <0.05 was
considered significant.

Statistical analyses were performed using JMP statistical
software (SAS Institute Inc, version 4.0.0) and Stata software
(Stata Statistical Software, release 10; StataCorp. 2007, Col-
lege Station, TX).

Results

Characterization of the study population

Patients with a recent MI (75 % of the whole population)
showed a higher SRS (18 vs. 6; P=0.002), STS (18 vs. 8;
P=0.047) and lower LVejection fraction (47 vs. 63; P=0.048)
than those with suspected primary autonomic dysfunction.
However, the dissimilar clinical presentation was not associated

Fig. 1 99mTc-tetrofosmin (upper left) and early 123I-MIBG (upper right) distribution polar plots, contractility histogram (lower left) and regional
contractility curves (lower right) in a patient with normal perfusion, innervation and synchronicity
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with significant differences in demographics, cardiovascular
risk factor prevalence, measures of cardiac adrenergic innerva-
tion activity (heart-to-mediastinum ratios, myocardial washout
rate and SS-MIBG values) and indicators of LV mechanical
synchronicity (histogram bandwidth and SD). In the whole
population, significant mechanical dyssynchrony in the phase
analysis was recognized in 17 of 28 patients (59 %), 14 of
whom had suffered a recent MI while 3 had suspected primary
autonomic dysfunction (P=0.218).

According to the presence of mechanical dyssynchrony, the
population was divided into two groups (Tables 2 and 3).
Patients with mechanical dyssynchrony were more frequently
male (P=0.010) than those without dyssynchrony. As shown in
Table 2, patients with mechanical dyssynchrony were charac-
terized by significantly higher LVend-diastolic (P <0.001) and
end-systolic (P <0.001) volumes than those without
dyssynchrony. Finally, the presence of mechanical
dyssynchrony was associated with significantly altered SRS
(P=0.030), STS (P=0.003) and SMS (P <0.001), as well as
a greater degree of abnormality in early SS-MIBG (P=0.014),
as an index of regional sympathetic innervation heterogeneity.
Conversely, no differences in the indexes of global myocardial
adrenergic innervation, heart-to-mediastinum ratio and washout
rate, were observed.

Predictors of LV mechanical dyssynchrony: per-patient
analysis

The relationships among LV functional parameters, myocar-
dial perfusion and innervation measures on cardiac CZT scin-
tigraphy and mechanical dyssynchrony were further assessed
(Table 4). Different variables were associated with mechanical
dyssynchrony in the univariate analysis (EDV index, SRS,
STS, SMS, early SS-MIBG). Interestingly, in the multivariate
analysis, the presence of a higher EDV index (P=0.047)

Early Summed MIBG Defect Score

y = 13.6 + 0.73 * x; R = 0.72; P < 0.001
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Fig. 3 Relationship between early and delayed summed 123I-MIBG
scores

Fig. 2 99mTc-tetrofosmin (upper left) and early 123I-MIBG (upper right)
distribution polar plots, contractility histogram (lower left) and regional
contractility curves (lower right) in a patient with recent ST-elevated MI.

A large area of innervation/perfusion mismatch encompassing the entire
septal wall is apparent. Phase analysis shows significant mechanical
dyssynchrony with septal asynergy

950 Eur J Nucl Med Mol Imaging (2014) 41:946–955



remained the only predictor of significant mechanical
dyssynchrony.

Predictors of LV mechanical dyssynchrony: per-wall analysis

The region of latest mechanical activation was located in
the inferior, septal and lateral wall in four patients (24 %),
four patients (24 %), and two patients (11 %), respective-
ly. In seven patients (41 %) the latest contracting region
was located in the apex. In these patients, the most
delayed nearby myocardial wall was the septal, lateral
and inferior wall in three, two and two patients,

respectively. As shown in Fig. 4, both relative myocardial
99mTc-tetrofosmin and 123I-MIBG uptake gradually reduced
in cardiac regions of patients without mechanical
dyssynchrony, in normally contracting walls of patients
with mechanical dyssynchrony, and in regions with de-
layed mechanical activation.

The relationships amongmyocardial perfusion, innervation
and regional myocardial dyssynchrony were further investi-
gated. In the overall population (Fig. 5), as well as in patients
with (R =0.66, P <0.001) and without (R =0.56, P=0.001)
IHD, there was a significant correlation between the quantita-
tive normalized myocardial 99mTc-tetrofosmin and 123I-MIBG

Table 2 Characteristics of the
patients Parameter Overall population

(n =29)
Dyssynchrony
present (n =17)

Dyssynchrony
absent (n =12)

P value

Demographics and symptoms

Age (years), mean ± SD 66±12 64±12 69±11 0.340

Male gender, n (%) 16 (55) 13 (76) 3 (25) 0.010

NYHA class ≥2, n (%) 8 (28) 8 (47) 0 (0) 0.009

Left bundle branch block, n (%) 4 (14) 4 (24) 0 (0) 0.121

Cardiovascular risk factors, n (%)

Family history of CAD 8 (28) 4 (24) 4 (33) 0.683

Diabetes 7 (24) 5 (29) 2 (17) 0.665

Hypercholesterolaemia 24 (83) 14 (82) 10 (71) 0.999

Low HDLc 13 (45) 10 (59) 3 (25) 0.130

Hypertension 22 (76) 13 (76) 9 (75) 0.999

Smoking 11 (38) 8 (47) 3 (25) 0.273

Obesity 8 (28) 6 (35) 2 (17) 0.408

Table 3 Nuclear imaging data
(means ± SD) Parameter Overall population

(n =29)
Dyssynchrony
present (n =17)

Dyssynchrony
absent (n =12)

P value

Perfusion and functional data

Summed rest score 14±10 18±9 10±10 0.030

Summed thickening score 15±12 20±11 8±8 0.003

Summed motion score 17±16 26±14 4±6 <0.001

End-diastolic volume (EDV) index
(ml/m2)

79±39 102±36 47±11 <0.001

End-systolic volume index (ml/m2) 44±36 65±33 14±6 <0.001

Ejection fraction (%) 52±20 38±12 71±8 <0.001

Myocardial innervation parameters

Early heart-to-mediastinum ratio 1.52±0.21 1.53±0.20 1.51±0.24 0.878

Delayed heart-to-mediastinum ratio 1.46±0.23 1.44±0.20 1.48±0.28 0.607

Washout rate (%) 30±14 28±12 32±17 0.404

Early summed MIBG defect score 25±11 29±9 18±11 0.014

Delayed summed MIBG defect score 32±11 33±9 29±14 0.362

Dyssynchrony data

TTP (°) 167±19 174±19 157±13 0.015

Standard deviation of TTP (°) 35±21 48±19 17±4 <0.001

Histogram bandwidth (°) 131±84 179±78 63±20 <0.001
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uptake. However, in the logistic regression analysis, a reduced
regional myocardial 123I-MIBG uptake (OR 0.95, 95 % CI
0.92 – 0.99; P=0.012) was the only independent predictor of
delayed regional myocardial activation in the phase analysis,
overwhelming the effect of depressed myocardial perfusion.
Moreover, even after exclusion of the myocardial necrotic
walls from the multivariate analysis, the independent associ-
ation between depressed regional innervation and delayed
mechanical activation persisted (OR 0.95, 95 % CI
0.91 – 0.99; P=0.018).

Discussion

In patients with or without LV systolic dysfunction, CZT-
derived measures of mechanical synchronicity were associat-
ed with alterations in regional myocardial perfusion, contrac-
tile function and sympathetic innervation. In patients with
mechanical dyssynchrony, the region of the latest mechanical
activation was characterized by a significantly impaired ad-
renergic activity, suggesting a functional relationship between
regional sympathetic derangement and myocardial
synchronicity.

LV mechanical dyssynchrony: clinical characteristics
and prognostic impact

While mechanical dyssynchrony has been extensively studied
in patients with heart failure and overt LV systolic dysfunction
[1], altered mechanical synchronicity has also been reported in
patients with mildly depressed or normal LV systolic function
[4, 5, 7]. Specifically, the occurrence of LV mechanical
dyssynchrony in phase analysis has been reported in patients
with a recent acute coronary syndrome and preserved ejection
fraction [23], and predicts adverse ventricular remodelling
[24]. Gated SPECT imaging offers the chance to combine
evaluation of segmental myocardial perfusion with the assess-
ment of LV regional contractile function [3, 24], allowing an
accurate evaluation of the relationship between perfusion
heterogeneity and regional myocardial mechanical activity.

In our study, phase analysis was performed with a dedicat-
ed CZT cardiac camera. These cameras are characterized by a
higher spatial resolution than standard cameras [12, 13], and
this may allow better assessment of segmental cardiac perfu-
sion and an accurate evaluation of regional synchronicity [4].
Our results confirm that abnormal LVmechanical synchronic-
ity is frequent even in the absence of electrical dyssynchrony
[25], and is associated with a greater degree of depression in

Table 4 Determinants of LV
dyssynchrony in the per-patient
analysis

Variables Univariate OR (95 % CI) P Multivariate OR
(95 % CI)

P

End-diastolic volume index (ml/m2) 1.19 (1.04 – 1.35) 0.011 1.17 (1.01 – 1.36) 0.047

End-systolic volume index (ml/m2) 1.78 (0.83 – 3.82) 0.137 NA NA

Ischaemic heart disease, 1 – 0 3.75 (0.56 – 25.13) 0.173 NA NA

Summed rest score 1.10 (1.01 – 1.20) 0.041 NS NS

Summed thickening score 1.14 (1.03 – 1.25) 0.011 NS NS

Summed motion score 1.25 (1.04 – 1.49) 0.017 NS NS

Early summed MIBG defect score 1.11 (1.01 – 1.21) 0.024 NS NS

Delayed summed MIBG defect score 1.04 (0.96 – 1.11) 0.350 NA NA

Heart-to-mediastinum ratio 0.40 (0.01 – 11.73) 0.592 NA NA

Washout rate (%) 0.98 (0.93 – 1.03) 0.393 NA NA

Fig. 4 Normalized regional
99mTc-tetrofosmin (left) and early
123I-metaiodobenzylguanidine
(right) uptake in cardiac regions
of patients without mechanical
dyssynchrony, in normally
contracting walls of patients with
mechanical dyssynchrony
(nondyssynchronous walls), and
in regions with delayed
mechanical activation
(dyssynchronous walls)
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LV systolic function, and greater alterations in measures of
myocardial perfusion and regional adrenergic innervation ac-
tivity. The relationship between LV systolic impairment and
mechanical dyssynchrony has already been reported [24].
While higher LV volumes predict the occurrence of LV me-
chanical dyssynchrony, they are also associated with a signif-
icantly lower rate of reverse remodelling after cardiac
resynchronization therapy [26]. In our study, LV end-
diastolic volume, a measure of cardiac overload, was found
to be the strongest predictor of the presence of mechanical
dyssynchrony, overwhelming the effect of other functional
parameters. Nevertheless, at a regional level, a significant
association between delayed mechanical activation, depressed
sympathetic innervation and myocardial perfusion was also
documented. In patients with mechanical dyssynchrony, de-
layed myocardial mechanical activation was associated with
depressed myocardial perfusion and adrenergic innervation
derangement.

Therefore, while our results confirm the general association
between impaired LV systolic function and mechanical
dyssynchrony, they also demonstrate the association between
matched innervation/perfusion impairment and regional myo-
cardial dyssynchronous activation.

Functional predictors of LV mechanical dyssynchrony

The association between abnormal myocardial perfusion, de-
pressed LV systolic function and mechanical synchronicity in
phase analysis has been documented [6, 7]. In these studies,
conducted mainly in patients with IHD, both the extent of
myocardial scarring and the severity of regional and global
myocardial contractile impairment predicted the occurrence of
LV mechanical dyssynchrony. In patients with a previous MI,
an increasing extent of scar tissue is associated with obvious
alterations in regional contractility which may profoundly

alter overall myocardial synchronicity. Accordingly, in pa-
tients with IHD an integrated characterization of regional
myocardial perfusion and mechanical synchronicity seems
mandatory for evaluating both regional myocardial mechani-
cal activation and the extent of scar tissue.

Our results confirmed that in patients with and without LV
systolic dysfunction, myocardial synchronicity is influenced
by regional perfusion and contractile function derangement [6,
7], as assessed by gated CZT imaging. However, the present
study demonstrated that the presence of abnormal LVmechan-
ical activation is also associated with measures of regional
adrenergic derangement, i.e. the early SS-MIBG defect score.
Interestingly, the relationship between delayed LVmechanical
activation and impaired regional adrenergic tone persisted
even after correction for myocardial perfusion and for the
presence of myocardial scarring, suggesting an independent
association between impaired sympathetic drive and myocar-
dial synchronicity.

Cardiac sympathetic innervation and LV mechanical
dyssynchrony

A relationship between altered adrenergic activity and myocar-
dial mechanical dyssynchrony has been suggested, but the
results have been contradictory [10, 11]. While measures of
cardiac global adrenergic activity derived from planar scintig-
raphy are widely adopted [9], they might be ineffective in
evaluating a phenomenon characterized by intrinsic regionality,
such as mechanical dyssynchrony [22, 25].

To our knowledge, this is the first study in which an inte-
grated evaluation of cardiac mechanical synchronicity and
regional adrenergic innervation using a CZT camera has been
performed, and the study suggested that indexes of regional
adrenergic heterogeneity may predict the presence of
dyssynchrony better than planar measures. While global mea-
sures of cardiac adrenergic innervation have been associated
with the presence of mechanical dyssynchrony [11] and with
the response to cardiac resynchronization therapy [27], the
relationship between regional sympathetic tone and myocardial
contractility has been only loosely investigated. Interestingly, in
patients with idiopathic LV dysfunction, a significant heteroge-
neity of regional myocardial perfusion has been reported [15],
and its association with mechanical dyssynchrony demonstrat-
ed [28]. Likewise, in different categories of patients, a similar
heterogeneity of regional sympathetic innervation activity, as
evaluated by 123I-MIBG SPECT, has been suggested [10, 15].
Our results confirm the existence of a linear correlation between
regional myocardial perfusion and adrenergic innervation [29].
Moreover, the present study demonstrated that in patients with
mechanical dyssynchrony the region of the latest mechanical
activation is characterized by significantly lower 99mTc-
tetrofosmin and 123I-MIBG uptake. Specifically, while patients
with mechanical dyssynchrony showed higher myocardial

Fig. 5 Relationship between regional normalized early 123I-MIBG and
99mTc-tetrofosmin uptake.While in the entire population there was a strict
correlation between regional myocardial adrenergic activity and perfu-
sion, a small number of regions were characterized by a relatively
preserved 99mTc-tetrofosmin uptake despite a severely depressed sympa-
thetic activity. Since nerve terminals are more susceptible to ischaemic
injury, these regions might identify the areas of perinecrotic myocardium
that underwent prolonged ischaemia during the acute coronary event
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perfusion and innervation heterogeneity compared to those
with synchronous ventricular activation, a more compromised
regional adrenergic activity, as shown by a lower 123I-MIBG
uptake, was found to be the only independent predictor of
delayed regional myocardial activation, overwhelming the ef-
fects of depressed myocardial perfusion and the extent of
scarring. Therefore, by demonstrating that a depressed regional
myocardial adrenergic tone predicts the presence of LV me-
chanical dyssynchrony independently of the extent of myocar-
dial perfusion abnormalities, our results suggest a relevant
association between regional myocardial contractile function
and sympathetic tone. While no pathophysiological conclu-
sions can be drawn from the present study, our data show that
measures of regional adrenergic innervation activity might be
used in clinical decision-making in patients with mechanical
dyssynchrony.

Limitations

The small size of our patient population prevented the assess-
ment of any causal relationship between the variables ex-
plored, while the consecutive nature of the enrolment
prevented the selection of a homogeneous population of pa-
tients, with or without LV dysfunction. Since the study was
conducted mainly in patients with IHD, its results should not
be extended to different cohorts of subjects. However, as the
inclusion of a parallel control population would have been
ethically inacceptable, our study was conducted in patients in
whom combined evaluation of myocardial perfusion and ad-
renergic innervation was clinically relevant. Moreover, while
measures of delayed 123I-MIBG kinetics are considered more
accurate indicators of adrenergic tone, in our study only the
early SS-MIBG defect score was associated with the presence
mechanical dyssynchrony. Interestingly, an alteration in early
123I-MIBG distribution has already been linked to regional
myocardial contractile impairment [29] and depressed early
123I-MIBG uptake is consistently associated with deranged
regional myocardial perfusion [15, 29]. Nevertheless, in our
study, early SS-MIBG uptake remained the only independent
predictor of regional mechanical dyssynchrony even after
correction for myocardial perfusion.

Therefore, according to present and previous data, param-
eters of early 123I-MIBG kinetics might represent integrated
measures of both neuronal activity and myocardial perfusion,
better predicting myocardial functional impairment than de-
layed 123I-MIBG distribution parameters [29]. Furthermore,
while in normal subjects segmental normalized 123I-MIBG
distribution has been shown to be superimposable on early
and delayed images [16], in our study the qualitative SS-
MIBG defect score was significantly higher in delayed as
compared to early scans (P <0.001). Since our study mainly
included patients with a previous MI, the significantly higher

123I-MIBG washout that takes place at the level of necrotic
and perinecrotic myocardial regions [15] might explain the
increased SS-MIBG defect score in delayed images as an
indirect measure of a higher regional myocardial adrenergic
activity heterogeneity.

Another limitation regards the use of beta-blocker therapy.
In our population each patient with a recent MI and two of
eight patients with suspected primary autonomic dysfunction
were on beta-blockers. Beta-blocker therapy has been shown
to favourably affect myocardial sympathetic tone by reducing
global sympathetic drive and adrenergic innervation hetero-
geneity [30]. However, considering the short time interval
between MI and the CZT scan, with the agreement of the
referring physicians, beta-blocker therapy was maintained in
each patient.

Moreover, since the myocardial perfusion study was only
performed at rest, no scintigraphic evidence of the presence of
residual inducible ischaemia can be provided. However, con-
sidering the short interval and the absence of any cardiac event
between the MI and the CZT study, and that the majority of
ischaemia-causing lesions were treated, the effects of induc-
ible myocardial ischaemia on the variables measured can be
viewed as negligible. On the other hand, due to the adminis-
tration of nitrates before the CZT perfusion study in patients
with IHD, the SRS can be considered as an accurate measure
of residual myocardial viability. Nevertheless, the presence of
some transiently hypocontractile, viable, myocardial regions
that could regain their function during follow-up cannot be
excluded.

Finally, the occurrence of attenuation artefacts cannot be
excluded. However, to the best of our knowledge, attenuation
correction of scintigraphic images was not performed in any
of the previous studies on phase analysis.

Conclusion

Myocardial mechanical dyssynchrony is frequent and is asso-
ciated with greater alterations in myocardial perfusion, con-
tractile function and adrenergic innervation. In these patients,
the region of the latest mechanical activation showed a greater
impairment of sympathetic tone, suggesting a relevant associ-
ation between innervation derangement and myocardial
synchronicity.

Conflicts of interest None.
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