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interpretation of the tractography models, which highlighted
different features of the fiber architecture, adding valuable
information of existent muscular layers. In order to further
clarify the anatomic characterization, we applied multiresolution
models that build different models of the same data with
different levels of detail without losing fidelity. This technique is
based on the well-known pyramid representation (6), which
pplies a Gaussian filtering and subsequent exponential reduc-
ion via a subsampling of the full-scale information. Reduced
nformation is a summary of the original and would be used to
epresent it at different scales. This technique can be applied to
he DT-CMR dataset in order to simplify its complexity. By
ownscaling 2 orders of magnitude of the original sets and
pplying our streamlining, we got a simplified tractography (Fig. 1).

Comparing it to the full-scale tractography, also shown in Figure 1, it
is easy to notice that the simplified one keeps the main geometric
features of the fibers.

The simplified tractographic reconstruction method (Fig. 1)
showed a continuous helical structure of the ventricular myocar-
dium, tracked from the pulmonary artery (PA) to the aorta (Ao).
The helical structure enclosing the basal ring can be further
tracked inside the left ventricle toward the apex and is seen to
orient in counterdirectional helical orientations around the
ventricles. To further simplify the backbone myocardial fiber
spatial orientation, we explored the geometry of the heart by
looking for long paths that can represent connected regions on
the DT-CMR tractography. The goal of this procedure was to
provide a comprehensive reconstruction allowing interpretation
at first sight by any possible observer. By manually picking seeds
at the basal level, we resolved continuous paths connecting both
ventricles. Figure 2 shows 4 tracts of simplified models recon-
structed from manually picked seeds located at the basal level
near the PA. We observe that the tracts define a sample-wide
coherent helical structure for all canine samples. The use of
visualizations with single tracts changes the way in which this
structure can be viewed.

Figure 2. Selected Paths Highlighting the Helical Structure of the
Myocardium

Example of tracts reconstructed with manually picked seeds, always chosen

near the pulmonary artery, on simplified tractography.
Our reconstructions support a helical ventricular myocardial fiber
rray from a complete set of local evidence and also from a global
utomated reconstruction of the myocardial structure.
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Defining the Diagnosis in
Echocardiographically Suspected
Senile Systemic Amyloidosis

Senile systemic amyloidosis (SSA) is a cardiomyopathy mainly
affecting elderly men due to intramyocardial deposition of wild-type
(nonmutant) transthyretin (TTR) (1). Since the heart is the only
involved organ, SSA—which requires endomyocardial biopsy
(EMB) for a definite diagnosis—is often misdiagnosed as other,
more common, causes of left ventricular “hypertrophy” (LVH),
including hypertensive heart disease and hypertrophic cardiomyop-
athy (HCM) (1). We (2,3) and other groups (4,5) have previously
documented that 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid
(99mTc-DPD) has a high affinity for TTR-infiltrated myocardium
(allowing a differential diagnosis with light-chain [AL] cardiac
amyloidosis, in which the tracer uptake is low/absent) (2,3).
However, the scintigraphic profiles of the non–amyloidotic cardio-

myopathies potentially mimicking SSA are not known, and the
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specificity of 99mTc-DPD for the diagnosis of SSA in this context
remains to be ascertained. To clarify this aspect, we retrospectively
analyzed a group of consecutive patients with suspected SSA
studied at our center, according to a pre-defined echocardiographic-
scintigraphic-genetic and EMB protocol.

We considered all patients who underwent 99mTc-DPD scintig-
aphy from 2004 to 2011 for suspected SSA, that is, patients older
han 65 years-of-age with unexplained concentric LVH (end-
iastolic mean wall thickness �13 mm) and a nondilated left
entricle (LV), also presenting 1 or more of the following: male sex;
hickened interatrial septum; thickened atrioventricular valves; mild
ericardial effusion; granular sparkling appearance; and absent/mild
VH on the electrocardiogram (ECG). We excluded patients with
known definite diagnosis that explained LVH, including AL

myloidosis, hereditary TTR-related amyloidosis (ATTR), and
arcomeric HCM.

Patients received 740 MBq of 99mTc-DPD intravenously.
Whole-body scans were obtained at 5 min (early) and 3 h (late)
after injection. Visual score of cardiac retention was: 0, absent
cardiac uptake, normal bone uptake; 1, mild cardiac uptake, inferior

Figure 1. Representative Examples of 99mTc-DPD Scintigraphy in SSA, ATTR

Examples illustrating the spectrum of 99mTc-3,3-diphosphono-1,2-propanodicarb
(senile systemic amyloidosis [SSA] or hereditary TTR-related amyloidosis [ATTR])
(top row � whole-body scans, anterior view; bottom row � cross-sectional views
Patient with sarcomeric hypertrophic cardiomyopathy (HCM) without any visually d

related amyloidosis (patient B affected by SSA, patient C affected by ATTR), both showing
o bone uptake; 2, moderate cardiac uptake, attenuated bone
ptake; and 3, strong cardiac uptake, mild/absent bone uptake (2,3).
eart retention (HR), whole-body retention, and heart/whole-

ody retention ratio (H/WB) were semiquantitatively assessed
sing a standard region-of-interest technique (2–4). Total counts
n the scans were taken as whole-body counts. Early whole-body
ounts were assumed to represent total injected activity. Whole-
ody retention was evaluated by comparing counts in late images
after subtraction of counts in the bladder and urinary tract, and
orrection for decay and scan speed) with those in early whole-body
mages. HR was evaluated by comparing decay-corrected counts of
he heart in late images with counts in early whole-body images.

/WB ratios were calculated by dividing counts in the heart by
hole-body counts in late images.
Sixty-seven patients were included. Data are expressed as num-

ers and percentages or median value and [interquartile range].
isual 99mTc-DPD myocardial uptake was present (positive) in 51

patients (all with a visual score �2) and absent (negative) in 16
(visual score � 0). EMB (including histological and immunohis-
tochemical evaluation) was performed in 46 of 51 patients with

d HCM

lic acid (99mTc-DPD) uptake among patients with transthyretin (TTR)-related
yloidotic cardiomyopathy or other non–amyloidotic cardiomyopathies
ardiac single-photon emission computed tomography in the same patients). (A)
table myocardial tracer uptake (visual score � 0). (B, C) Two patients with TTR-
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strong myocardial Tc-DPD uptake and attenuated bone uptake of the tracer.
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positive scintigraphy (5 patients refused EMB) and documented
TTR-related amyloid infiltration in all cases. At deoxyribonu-
cleic acid analysis, TTR mutations were present in 14 patients
(leading to a diagnosis of ATTR) and absent in 32 (leading to a
diagnosis of SSA). No TTR mutations were found in the 16
patients with negative scintigraphy: 9 were found to carry
sarcomeric gene mutations (MYBPC3 in 5 cases, MYH7 in 4
ases), leading to a diagnosis of HCM; a single patient was
ound to carry an alpha-galactosidase A gene mutation, leading
o a diagnosis of Anderson-Fabry disease. The remaining 6
atients (without genetic abnormalities) underwent EMB,
hich documented only a mild nonspecific hypertrophy without
yocardial disarray, supporting a diagnosis of hypertensive heart

isease. In this way, 3 groups of patients with different diagnoses
ere identified: SSA, ATTR, and non–amyloidotic cardiomy-
pathies. Figures 1 and 2, respectively, show examples of individual
cintigraphic profiles and median values of HR and H/WB in the 3
roups.

Clinically, 17 (53%) SSA and 7 (50%) ATTR patients were
nitially referred for heart failure, the other patients for atrial
brillation or occasional finding of ECG/echocardiographic abnor-
alities. The 16 cases with non–amyloidotic LVH were initially

eferred for “diastolic heart failure” (n � 3, 19%), atrial fibrillation
n � 4, 25%), or occasional finding of ECG/echocardiographic
bnormalities (n � 9, 56%). SSA patients were older (78 [74 to 81]
ears) than ATTR patients (69 [67 to 71] years) and patients with
on–amyloidotic LVH (67 [66 to 70] years, p � 0.001). Male sex
as predominant in all groups (91% in SSA, 100% in ATTR, 75%

n non–amyloidotic LVH; p � 0.10). A concomitant carpal tunnel
yndrome was present in 6 (46%) ATTR patients, 7 (22%) SSA
atients, and 1 patient with non–amyloidotic LVH (p � 0.06).
ow QRS voltage was present in 11 (34%) SSA patients, 6 (43%)
TTR patients, and 2 (13%) patients with non–amyloidotic LVH

p � 0.15).
Echocardiographically, despite a similar interventricular sep-

al thickness (18 [16 to 20] mm in all groups), LV posterior wall
hickness was higher among SSA (18 [15 to 19] mm) and ATTR
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Figure 2. 99mTc-DPD Heart Retention and Heart/Whole-Body Retention Rat

Comparison of 99mTc-DPD heart retention (A) and heart/whole-body retention ratio
and patients with other non–amyloidotic cardiomyopathies (other CMPs). Lower/up

indicate medians. Circles represent outliers (values lying more than 1.5 interquartile ran
17 [15 to 19] mm) patients compared with those with non–
myloidotic LVH (14 [13 to 15] mm, p � 0.004). Interatrial
eptum thickening was more frequent in SSA (63%) and ATTR
atients (57%) than in those with non–amyloidotic LVH (25%,
� 0.04). Atrioventricular valve thickening was more prevalent

n ATTR patients (64%) than SSA patients (50%) and patients
ith non–amyloidotic LVH (19%, p � 0.03). Pericardial effu-

ion was present in 14 (44%) SSA patients, 4 (28%) ATTR
atients, and 3 (19%) patients with non–amyloidotic LVH (p �
.2). LV ejection fraction was normal in non–amyloidotic LVH
68% [64% to 70%]), and within the lower normal limits or
ildly reduced in patients with SSA (50% [35% to 59%]) and
TTR (50% [38% to 52%]).
Using genotyping/immunohistochemistry as the reference tech-

ique, the sensitivity and specificity of a myocardial 99mTc-DPD
isual score �2 for the diagnosis of TTR-related cardiomyopathy
ere both 100%. All other clinical, echocardiographic, and electro-

ardiographic findings showed lower sensitivity and specificity
alues: respectively, 94% and 25% for male sex, 28% and 94% for
arpal tunnel syndrome, 61% and 75% for interatrial septum
hickening, 37% and 81% for atrioventricular valve thickening, 39%
nd 81% for pericardial effusion, and 37% and 88% for ECG low
RS voltage. When interpreting these values, one must consider

he high “pre-test” probability of SSA in the study population—
ue to the accurate patient pre-selection—and the fact that in all
ositive cases, tracer uptake was intense (visual score �2). Indeed,
s our previous studies showed, a visual score �2 is possible in AL
myloidotic cardiomyopathy.

Our study, which considered an accurately selected population
ith a high prevalence of non–AL amyloidotic cardiomyopathy,

hows that in elderly patients with unexplained concentric LVH
nd a nondilated LV,99mTc-DPD scintigraphy can provide a

valuable, accurate (and inexpensive) technique, able to increase the
possibility of noninvasive identification of TTR-related amyloidotic
cardiomyopathies on top of echocardiographic evaluation. This can
be particularly useful for the noninvasive identification of SSA (for
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ge outside the 25th or the 75th centile). Abbreviations as in Figure 1.
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which, differing from ATTR, there is no genetic diagnostic
standard) (Fig. 3).
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Figure 3. Role of 99mTc-DPD Scintigraphy in the Diagnostic Workup

Proposed clinical application of 99mTc-DPD in elderly patients with an echocard
a nondilated left ventricle (LV). Once a plasma-cell dyscrasia has been excluded
cardiac amyloidosis (strong myocardial visual uptake of 99mTc-DPD) and patient
of 99mTc-DPD). The differential diagnosis between SSA and ATTR requires deoxy
abbreviations as in Figures 1 and 2.
amyloidosis. Int J Cardiol 2011 Jul 15 [E-pub ahead of print].
Myocardial Imaging
for Mitochondrial
Membrane Potential

The editorial by Strauss and Schoder (1) indicates that all useful
myocardial perfusion tracers, regardless of chemical structure,
mechanism of uptake, and retention, follow the Sapirstein princi-
ple, even when, save perhaps for 15O-water, they actually fail to
conform to the essential requirement postulated by Sapirstein (2)
for such a tracer; namely, first-pass extraction fraction of 1. The
editorial goes on to state that such tracers “. . . still provide accurate
measurements of regional and absolute [emphasis added] perfusion
and perfusion reserve if imaging is performed before significant loss
of indicator from the tissue” (1). We performed an additional
analysis of the data pertinent to the relationship between 4-[18F]-
Tetraphenylphosphonium (18F-TPP) measurement of absolute myo-
cardial blood flow (MBF) and corresponding microsphere measure-
ments of absolute MBF under conditions of adenosine stimulation
with phenylephrine support (Fig. 1) to further address the issue
raised by Strauss and Schoder (1) in their editorial.

In brief, we used all the ex vivo tissue samples (n � 112) from all
the animals (n � 6) reported in our study (3). Each myocardial
sample had a microsphere measurement of absolute MBF and a
well counter determined measure of 18F-TPP concentration. We
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aphic profile of unexplained, concentric left ventricular hypertrophy (LVH) and
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modified slightly the method of Di Rocco et al. (4) to compute
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