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Objective. To determine one or more indexes able to detect the presence of cardiac amy-
loidosis (CA) from planar scintigraphy images after injection of 99mTc-HMDP tracer and to
identify the earliest acquisition time able to ensure an accurate diagnosis of amyloid trans-
thyretin CA.

Methods and Results. A total of 38 patients were included: 18 subjects with a final diagnosis
of ATTR-CA and 20 controls. Dynamic planar images of the anterior thorax were acquired,
starting at intravenous injection of & 700 MBq of 99mTc-HMDP. From time/activity curves
(TAC) of regions of interest such as heart, vascular region, right ribcage, and soft tissues,
several indices were considered. From the analysis, it resulted that both TACHeart/Bone(t) and
RIheart–bone(t), for t > 6 minutes, well distinguish ATTR-CA patients from controls subjects.
This is confirmed by the area under curves (AUC) analysis giving AUC values =.9 at
t % 6 minutes and AUC % 1 for t > 10 minutes.

Conclusions. The method proposed allows determining the presence of ATTR-CA, in an
inexpensive manner both in terms of examination costs and time spent. (J Nucl Cardiol
2022;29:307–18.)

Key Words: Cardiac amyloidosis Æ Amyloid transthyretin (ATTR) Æ Early 99mTc-HMDP
scintigraphy Æ Dynamic time-activity curves Æ Retention index

Abbreviations

AL Immunoglobulin light-chain derived

amyloidosis

ATTR Transthyretin derived amyloidosis

AUC Area under curves

CA Cardiac amyloidosis

HMDP Hydroxymethylene diphosphonate

nRMSE Normalized root mean square error

RI Retention index

ROI Region of interest

SEM Standard error measure

TAC Time/activity curve
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INTRODUCTION

Cardiac amyloidosis (CA) is a disorder character-

ized by the extracellular deposition of insoluble protein-

derived fibrils within the myocardium. The main sub-

types of cardiac amyloidosis are the immunoglobulin

light-chain derived amyloidosis (AL) and the transthyr-

etin derived amyloidosis (ATTR). Cardiac involvement

of amyloidosis leads to a progressive dysfunction up to

early death due to heart failure (HF) and arrhythmias.1

Unfortunately, the diagnosis of CA is frequently

delayed,1 mainly because of the similarities between CA

and other mimicking conditions such as hypertrophic

cardiomyopathy; consequently, appropriate therapies are

also delayed. Histological assessment is often required

in order to identify the specific subtype of CA, in

particular when a monoclonal component in serum or in

urine is present.2 Subcutaneous fat, salivary gland, or

rectal mucosa biopsies often yield a reliable diagnosis of

systemic AL3 and ATTR amyloidosis4; however, fre-

quently, a more invasive and risky endomyocardial

biopsy (EMB) might also be required to confirm the

diagnosis of cardiac involvement of the disease, even

though this approach is burdened by greater complica-

tions. Therefore, an alternative accurate, non-invasive,

and reproducible method to diagnose CA is necessary.

Recently, imaging techniques, as echography,5,6

cardiac magnetic resonance 7–9 or molecular imaging
1,10–12 are used in clinical practice for the diagnosis of

CA.

It has been widely demonstrated that molecular

imaging after bone-tracer injection, combined with

specific biomarkers, has the capacity to identify

ATTR-CA. Among the bisphosphate derivative tracers

labeled with the isotope 99mTc, the most used for CA

diagnosis are 99mTc-pyrophosphate (99mTc-PYP),

99mTc-3,3- diphosphono-1,2-propanodicarboxylic acid

(99mTc-DPD), and 99mTc-hydroxymethylene diphos-

phonate (99mTc-HMDP).13 Such tracers can be used in

planar imaging or/and in single-photon emission com-

puted tomography (SPECT) 14–17

Planar anterior images of the thorax are usually

acquired 1 hour after the injection, or more frequently

after 3 hours, thus forcing patients to stay in the

laboratory while waiting. Galat et al. 18 demonstrated

that early phase (10 min) 99mTc-HMDP scintigraphy is

able to predict late-phase (3 hours) finding. However,

the shortest acquisition time that allows identifying CA

has not been validated yet.19

Images interpretation is usually performed by

means of a semi-quantitative grading score,20 or by

visual assessment using a qualitative score.21–23

The main objective of the present study is to

determine one or more quantitative parameters able to

detect the presence of CA from early bone-seeking agent

scintigraphy and to identify the earliest acquisition time

able to ensure an accurate diagnosis of ATTR-CA. Since

CA patients are often debilitated and fragile, the

possibility to obtain a correct diagnosis from an early

phase acquisition would greatly reduce the waiting time,

thus increasing the efficacy in terms of comfort and

acceptance by patients.

Moreover, given the wide availability and cost-

effectiveness of the standard gamma-camera equipment

required, the method proposed in this work could

provide a reliable, and yet affordable, approach to the

diagnosis and characterization of CA.

MATERIALS AND METHODS

Subjects and Study Design

A total of 38 patients were included in this

retrospective study: all patients underwent to clinical

examination, blood and urine sampling for dosage of

specific serum and urinary biomarkers (terminal N

fraction of pro-brain natriuretic peptide, high sensitivity

troponin T, immunoglobulin light chains in serum and /

or urine), genetic evaluation for transthyretin gene

mutations, electrocardiogram, echocardiography,

99mTc-Hydroxymethylene diphosphonate scintigraphy,

cardiac magnetic resonance and histological evaluation

to assess amyloid deposition, according to the most

recent indications 2,18,24 patients received a final diag-

nosis of ATTR-CA, while 20 patients received an

alternative diagnosis (10 hypertensive cardiomy-

opathies, 8 hypertrophic cardiomyopathies secondary

to aortic stenosis and 2 primary hypertrophic cardiomy-

opathies). None of the patients included in the study had

a monoclonal component in serum and/or in urine.

Patients with ischemic heart disease, chronic liver

disease or severe renal failure were excluded from the

study. Patients who received an alternative diagnosis to

CA were considered as control subjects in this study. A

summary description of the overall population and the

two subgroups of patients are shown in Table 1.

The study was approved by the institutional ethics

committee and by the AIFA (Agenzia Italiana del

Farmaco) committee; all subjects signed an informed

consent form. The study complied with the Declaration

of Helsinki.

Bisphosphonate (99mTc-HMDP)
Scintigraphy and Dynamic Time-Activity
Curves Generation

Each patient underwent to scintigraphic scan start-

ing at intravenous injection of & 700 MBq of 99mTc-
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HMDP (70 MBq/cc with an infusion rate of 1 cc/s

followed by a 10 cc flush of saline solution), providing

an expected radiation dose of & 5 mSv per patient.

Dynamic planar images with a resolution of 128 9 128

pixels of the anterior thorax were acquired from the

radiotracer injection up to 1050 seconds (17.5 minutes),

with the following non-uniform time scheme:

240 9 0.5, 1 9 30, 12 9 60, 1 9 180 seconds. More-

over, three late static planar images of the anterior

thorax were acquired for 5 minutes, respectively 1, 2

and 3 hours after tracer injection using the same

resolution mentioned above. Images were acquired with

a dual-headed gamma-camera equipped with LEHR

collimators (Millennium MG–GE Healthcare, Haifa–

Israel). Cardiac uptake of 99mTc-HMDP was assessed

on the late static planar images according to the grading

scale proposed by Perugini et al. 20: grade 0 = absent

cardiac uptake; grade 1 = mild uptake, less than bone;

grade 2 = moderate uptake, equal to bone; and grade

3 = high uptake, greater than bone.

All the 20 subjects considered as ‘‘control group’’

had a cardiac uptake of grade 0 while all the 18 patients

with CA presented significative cardiac uptake of the

radiotracer; in particular none of the patients presented a

cardiac uptake of grade 1, while 7 and 11 patients had a

cardiac uptake of grade 2 and 3 respectively.

Time/activity curves (TAC) were obtained from the

dynamic planar images by manually drawing a region of

interest (ROI) over the frame with the best visualization

of the specific anatomical structure to be measured and

then replicating it over the whole frame-set.

ROIs were selected by a nuclear physician (DG) with

more than 10 years of experience in cardiac nuclear

medicine. In order to evaluate the intra-observer variability,

he repeated the analysis a second time, about a week after

the first one. Then, for evaluating the inter-observer

variability, a second nuclear physician (AG, [10 years

experience), further performed the measurements. Both

observers were blinded to each other’s results.

As an example, in Figure 1 scintigraphic images of

an ATTR-CA patient, with over imposed selected ROIs

are shown. In particular, image in Figure 1A was

acquired at about 1 minute (60.25 seconds), i.e., in the

vascular phase of the tracer; image in Figure 1B was

acquired at 5 minutes and half (330 seconds), i.e., in the

early phase; image in Figure 1C was acquired at 1 hours

after injection. Note that, in the early phase image, the

presence of the tracer in the heart is already evident.

Radioactive counts in each ROI were then measured

on dynamic images in order to obtain specific TACs of

the heart (TACheart), the vascular region (TACblood), the

right ribcage (TACbone), and soft tissues of the axillary

Table 1. Clinical, scintigraphic, echocardiographic and biochemical characteristics of the examined
patients and of the two scintigraphic subpopulations (i.e., controls and ATTR-CA patients)

Overall
Positive

scintigraphy
Negative

scintigraphy P

Age (year) 82.1 ± 6.3 81.0 ± 7.8 82.9 ± 4.9 NS

Sex(M/F) 58% 42% 89% 11% 30% 70% \ .01

Perugini score (0/2/3) 53% 18% 29% 0% 39% 100% 0% 0% \ .01

NYHA (I–II/III–IV) 74% 26% 62% 38% 83% 17% NS

E/E0 14.0 (13.0–20.0) 20.0 (13.5–23.0) 13.0 (12.0–13.8) .04

E/A (cm/sec) 1.2 (0.7–2.2) 2.0 (0.8–3.0) 0.8 (0.6–1.4) NS

EDV (ml) 104.8 ± 30.3 101.6 ± 24.4 107.6 ± 35.3 NS

ESV (ml) 49.7 ± 23.1 51.7 ± 16.9 48.0 ± 27.9 NS

EF % 54.3 ± 12.6 49.3 ± 10.9 58.4 ± 12.8 NS

Septal wall thickness (mm) 16.5 ± 3.8 18.7 ± 3.8 14.5 ± 2.6 \ .01

Posterior wall thickness

(mm)

13.7 ± 3.2 15.8 ± 3.0 11.9 ± 2.0 \ .01

LVMI (g/m2) 150.0 (132.6–172.9) 177.0 (148.0–230.7) 126.0 (105.8–154.5) \ .01

Nt-proBNP (ng/L) 1550.0 (812.9–

4304.8)

4020.5 (1744.7–

10596.5)

782.5 (359.6–2866.8) NS

HS TnT (ng/L) 37.0 (20.1–61.3) 70.8 (39.6–147.9) 20.0 (14.3–42.2) \ .01

Variables with normal distribution were presented as mean ± SD, whereas those with non-normal distribution were presented as
median (95% confidence interval); categorical variables were shown as percentages. Differences among groups were tested by
one-way analysis of variance or by Chi-square test, as appropriate
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area (TACback) considered as background. Each TAC was

normalized by the injected dose, the tracer decay, and the

ROI area. In Figure 2, as an example, the dynamic

TACheart, TACblood, TACbone, and TACback relevant to a

control subject (in A) and a patient (in B) are shown. In

the figure, the activity values (in a.u.) from late images,

i.e., at 60 minutes, are also shown in the inner boxes. In

Figure 2C and D, whole body scans of the two subjects,

acquired three hours after the injection, are shown.

Indices Used for the Analysis

The following indices were considered to assess

whether it is possible to reliably detect the presence of

A B

C

Vascular
area

Heart
Rib-cage

Axillary area

Axillary area

Rib-cage Heart

Figure 1. Scintigraphy images with over imposed selected ROIs. A Image acquired at
60.25 second (vascular phase), B image acquired at 330 seconds (early phase), C image acquired
at 1 hour after injection. In the early phase image, the presence of the tracer in the heart is already
evident.
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CA from early images, acquired a few minutes after

tracer injection.

Time-activity curves In addition to TACheart,

TACblood, TACbone, and TACback extracted as previously

described, the following curves were also computed by

properly combining pairs of such curves:

TACheart=back tð Þ ¼ TACheart tð Þ=TACback tð Þ

TACheart�back tð Þ ¼ TACheart tð Þ � TACback tð Þ

TACheart=bone tð Þ ¼ TACheart tð Þ=TACbone tð Þ

TACheart�bone tð Þ ¼ TACheart tð Þ � TACbone tð Þ

For each TAC, we treated each time point TAC(t) as a
separate index, ending up with 283 indices for each

curve.

Retention values Retention index is often used

when images acquired at different times are avail-

able.25,26 In our case, having dynamic images available,

it was possible to determine the retention value of the

tracer over time (RIROI(t), where ROI is either ‘heart’, or
‘bone’, or ‘background’), as follows:

RIROI tð Þ ¼ TACROI tð Þ�
r
t
0 TACblood t0ð Þdt0

Furthermore, combinations of Retention values from

multiple ROIs were also considered, as:

RIheart=bone tð Þ ¼ RIheart tð Þ=RIbone tð Þ

RIheart�bone tð Þ ¼ RIheart tð Þ � RIbone tð Þ

RIheart=back tð Þ ¼ RIheart tð Þ=RIback tð Þ

As for the indices associated with each TACROI(t),
also for each RIROI(t), we have as many indices as there

are time points on the RI curve.

Intra–Inter-observer Variability Analysis

Intra- and inter-observer variabilities were evalu-

ated in two phases of the study, (i) the variability of the

TACs extracted from the ROIs can strongly influence

the subsequent stages of the analysis; for this reason it

was measured by the normalized root mean square error

(nRMSE); (ii) one of the last steps of the analysis

includes the evaluation of the threshold time for each

index previously described, i.e., the time after which the

index significantly differentiates the two groups

(Controls and CA Patients); it was measured by the

standard error measure (SEM).

In particular, the nRMSE for a ROI was evaluated

according to the following equation:

nRMSEROI ¼ meansubj

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPN
t¼1 xt � ytð Þ2=N

x̂

s0

@

1

A � 100

where x and y are the TACs derived from the ROIs

selected (at different times for the intra-observer study,

and from different operators for the inter-observer

study); x̂ is the mean of the TAC x; N is the number of

time points of the curve; meansubj (.) stands for the mean

over all the subjects analyzed. nRMSE evaluation was

repeated for each selected ROI.

The SEM was given by 27:

SEM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTresh time1 � Tresh time2Þ2=2

q �

ðTresh time1 þ Tresh time2Þ=2

where Tresh time is the threshold time obtained at the

final stage of data analysis; 1 and 2 relate to the results

obtained from the measurements performed by the

operator in two different times (for intra-observer vari-

ability analysis) or performed by the two operators (for

inter-observer analysis).

SEM evaluation was repeated for each index under

consideration in the study.

Statistical Analysis Methods

Continuous variables are expressed as mean ± s-

tandard deviation or median and range (i.e., 1st and 3rd

quartiles), as appropriate.

The parametric hypothesis test of normality of the

variables was evaluated according to the Shapiro-Willis

normality test. When the indices evaluated do not follow

Normal Distribution the Mann–Whitney test was used

for comparison between two group samples. A 2-tailed

P value\ .05 was considered significant.

Statistical analysis was performed using MATLAB

Statistics and Machine Learning ToolboxTM (version

2018b).

RESULTS

From the Shapiro-Willis normality test, it resulted

that the indices evaluated for the analysis were not

Gaussian, so the following resulting data were shown as

median and 1st and 3rd quartiles.

In Figure 3 the median and quartiles of TACROI(t)
are shown; ROIs are: heart in A, heart/background in B,
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heart-background in C, heart/bone in D, heart–bone in

E.
In each graph, the red continuous line is related to

the index value for CA Patient data, the blue line is

related to the index value for Control subjects data.

Making a qualitative consideration, in each graph it is

quite clear that, from a certain time value onwards, the

two continuous lines distance themselves from each

BA
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Figure 2. Examples of selected ROIs and time-activity curves (TAC), and whole-body late
(3 hours) scans; A TACs derived from a Control subject, B TACs derived from a CA patient. The
inner boxes show the activity at 60 minutes, C whole-body late scan of patient in A, D whole-body
late scan of patient in B.
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other, that is, the index distinguishes the two groups of

subjects. Even the shaded bands (representing the

quartiles limits) of the same color of the continuous

lines, especially from a certain value of time onwards,

move away from each other, and this is more evident for

some indices such as TACHeart/Bone(t) (Figure 3D) and

TACHeart–Bone(t) (Figure 3E).

As a more quantitative result of the analysis, in each

graph of Figure 3 the Mann–Whitney test result is

shown, by means of a black dotted line (see also

Table 2).

In Figure 4 the median and quartiles of RIROI(t) are
shown; ROIs are: heart in A, heart/background in B,
heart-background in C, heart/bone in D, heart–bone in

E.
Similarly to the results of Figure 3, also from the

data shown in Figure 4 it is possible to make the

consideration that from a certain time value onwards the

two lines move away from each other: starting from that

time value the index can distinguish the data of CA

Patients from those of Control subjects. This is very

evident for the RIHeart–Bone(t) index (Figure 4E)

Also in Figure 4 the most quantitative result

obtained by the Mann–Whitney test is shown in each

graph with a black dotted line.

Table 2 shows the results of the Mann–Whitney test

for the comparison between Control subjects and CA

Patients. In the table, for each index considered in the

analysis, the threshold time and the relevant P value are

shown. The resulting threshold time is the minimum

time from tracer injection, from which the index value

significantly distinguishes the two groups of subjects.

The Area under the curve (AUC) from the Receiver

Operating Characteristic (ROC) evaluated for each

index, at each time, is shown in Figure 5.

Figure 3. Median and 1st and 3rd quartiles of TACROI(t) from Controls and CA amyloidosis
Patients. A Heart, B: heart/background, C heart-background, D heart/bone, E heart–bone. Dotted
lines represent the time threshold beyond which the two groups are significantly different,
according to the Mann-Whitney test.
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The maximum accuracy value was 97.4%, obtained

with the RIHeart–bone(t) index.

Intra–Inter-observer Variability Analysis

In Table 3 the mean ± standard deviation nRMSE

values from the TACs derived from the selected ROIs

are shown. As a global view of the results, we

considered the mean of nRMSEROI over all the ROIs

in the intra-observer measurement that resulted equal to

3.68% and the mean nRMSEROI in the inter-observer

measurements resulted equal to 6.60%

The SEM from the measures of threshold time for

each index, resulted to have a minimum value of 0% and

maximum value of 0.20% (mean 0.04%) in both intra-

and inter-observer variabilities.

DISCUSSION

In the clinical practice, when CA is suspected, bone

scintigraphy is often required in order to obtain a non-

invasive diagnosis of ATTR-CA. Usually, the examina-

tion consists of acquiring a static image one or 3 hours

after the tracer administration.28,29

Interpretation of scintigraphy with bisphosphate

derivative tracers is usually performed by visual anal-

ysis, or/and quantitative or semi-quantitative analysis.

As far as visual analysis, uptake is typically categorized

as absent, local, or diffuse.22 ATTR cardiac amyloidosis

usually presents as diffuse uptake on late acquired

images. One semi-quantitative evaluation method often

used in ATTR-CA diagnosis consists of a grading

system that relies on visual comparison of the myocar-

dial and rib uptake on images acquired 3 hours after

tracer injection.20 Quantitative analysis methods consist

Figure 4. Median and 1st and 3rd quartiles of RIROI(t) from Controls and CA amyloidosis Patients.
A Heart, B heart/background, C heart–background, D heart/bone, E heart–bone. Dotted lines
represent the time threshold beyond which the two groups are significantly different, according to
the Mann–Whitney test.
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of a set of indices derived from the acquired images,

such as heart/contralateral thorax count ratio,22,30,31

heart tracer retention,13,18 whole-body tracer reten-

tion,13,32,33 heart to whole-body uptake ratio,13,32,33

heart to skull uptake ratio.33 In Gallini et al.,23 several

indices for the detection of CA deposits were reported,

but they were only evaluated on static images acquired

150 minutes after tracer injection. Indices involving

retention need an acquisition at about 5 minutes after

injection followed by a late acquisition, usually 1 or

3 hours after injection.

In this study, we explored the possibility of achiev-

ing an accurate diagnosis of ATTR-CA from images

acquired shortly after the injection, and to estimate the

minimum acquisition time to have a reliable result. This

analysis was carried out using specific indices extracted

Table 2. Mann–Whitney test results; comparison between Control subjects and CA Patients group
samples

Index Threshold time (min) P value

TACHeart(t) 14.5 \ .05

TACHeart/Back(t) 14.5 \ .05

TACHeart–Back(t) 8.5 \ .05

TACHeart/Bone(t) 4.5 \ .05

TACHeart–Bone(t) 4.5 \ .05

RIHeart(t) 6.5 \ .05

RIHeart/Back(t) 2 .68

RIHeart–Back(t) 5.5 \ .05

RIHeart/Bone(t) 10.5 \ .05

RIHeart–Bone(t) 3.5 \ .05

0 2 4 6 8 10 12 14 16 18

time (min)

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
 ROC's AUC   

TACHeart(t)
TACH/Back(t)

TACH- Back(t)
TACH/Bone(t)

TACH- Bone(t)
RIheart(t)

RIH/Back(t)
RIH- Back(t)

RIH/Bone(t)
RIH- Bone(t)

Figure 5. AUC from ROC evaluated for each index at each time value.
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from dynamic scintigraphy images acquired starting

from the injection of 99mTc-HMDP.

Indices were obtained directly from the heart TAC

curves, suitably normalized with respect to other ROIs

(bone or background), or from the retention values of the

tracer in the heart, suitably normalized. While the

indices extracted directly from the TAC curves use only

static images acquired in a short interval of time, those

derived from retention require longer acquisitions, that

is, from a start time (usually 2 to 3 minutes after the

injection) and for a few minutes. From the results shown

in Figures 3, 4 and 5 and in Table 2, however, these

times result to be very short: less than 10 to 15 minutes.

Results shown in Figure 3 are relevant to the

analysis of TACROI(t) indices, where ROIs are, respec-

tively, heart, heart/background, heart–background,

heart/bone, heart–bone. From the figure, it should be

noted that the TACHeart/Bone(t), for t[ 6 minutes, well

distinguish ATTR-CA patients from controls, also con-

sidering the quartiles values; for this index, according to

the Mann–Whitney test (Table 2) the time t = 4.5 min-

utes results to be the minimum time for significantly

distinguishing the two groups.

From the results shown in Figure 4, relevant to the

analysis of RIROI(t) indices, it can be affirmed that

RIheart–bone(t), for t[ 6 minutes well distinguish ATTR-

CA Patients group from Control subjects, considering

also the indices values falling within 1st and 3rd

quartiles; moreover, from data in Table 2, it resulted

that t = 3.5 minutes is the minimum value for signifi-

cantly distinguishing the two groups.

The graph shown in Figure 5 allows us to determine

the discriminating ability of the test, i.e., how well the

test performed can distinguish between positive CA and

negative subjects. It gives information on the probability

that a randomly extracted subject is correctly classified

as CA if positive on the test and as without CA

pathology if negative. Accordingly, indices giving AUC

values [ .9 can be considered as very good for

discriminating ATTR-CA patients from negative

subjects. From Figure 5 we can see that, for t[ 6 min-

utes, both TACHeart/Bone(t), and RIheart–bone(t), give AUC
values [ .9; moreover, for t[ 10 minutes the two

indices have AUC values very near to the maximum

value 1, i.e., Probability = 1 of discriminating of the

two groups.

The results herein obtained are consistent with what

presented in Galat et al.,18 where authors analyzed

images acquired at 10 minutes from injection and

demonstrated that such analysis well predicts late-phase

finding.

Dynamic planar images have been acquired from

the anterior thorax view. Although the geometric mean

between the tracer uptake measured on the anterior and

the posterior acquisitions usually allows to obtain more

accurate data, in this work we decided to evaluate only

the quantitative data obtained on the anterior images

because of the preferential bony uptake of the tracer and

the consequent high activity of the rib cage which would

certainly have introduced more noise reducing the

accuracy of the quantification.

As far as the intra- inter-observer variability, it has

been chosen to evaluate the variability in two phases of

the study, namely in the construction of the TAC curves,

which corresponds to the phase that depended more on

the operator than all the others, and in determining the

time_threshold value, for each index which is deter-

mined almost at the end of the analysis. This was done

to see how much the variability in ROIs design affected

subsequent results.

As it can be seen from Table 3 and the global

results obtained, the nRMSE for both the intra- and

inter-observer variability is very low, and the SEM

values are almost negligible.

From these promising results, we suggest that to

have an accurate diagnosis of the presence of CA-ATTR

just acquire a single image very early, at about 10 min-

utes from the injection of the tracer and from this image

calculate the Heart/Bone index, after extracting the two

corresponding ROIs (i.e., covering the heart and bone

Table 3. nRMSE values obtained from the intra- and inter-observer measurements analysis

ROI

Intra-observer Inter-observer

nRMSE mean
(± sd) % controls

nRMSE mean
(± sd) % patients

nRMSE mean
(± sd) % controls

nRMSE mean
(± sd) %patients

Heart 3.16 (0.23) 3.04 (0.24) 6.16 (0.35) 6.23 (0.27)

Bone 2.99 (0.49) 2.92 (0.64) 5.89 (0.55) 6.02 (0.99)

Blood 7.96 (3.09) 3.623 (0.40) 10.59 (3.11) 6.99 (0.49)

Background 2.37 (1.19) 3.34 (0.53) 4.74 (0.90) 6.18 (0.49)
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regions). Another solution that we propose is to acquire

two or more images in the time interval between 3 and

10 minutes after the injection of the tracer and calculate

the retention index of Heart–Bone, after having derived

the two ROIs from the acquired images.

Note that, for both indices, the total time of

acquisition is very short, greatly reducing waiting times

and discomfort for the patient.

Although the number of patients enrolled in this

study is not high, the results obtained are still very

promising and they can be considered as a suggestion to

perform reliable exams, in a short time and at low costs.

NEW KNOWLEDGE GAINED

Early Bisphosphonate (99mTc-HMDP) scintigraphy

acquisition and derived indexes analysis can detect

ATTR- Cardiac Amyloidosis.

STUDY LIMITATIONS

Our study has limitations. First, the enrolled pop-

ulation is relatively small. However, the proposed

approach is a novel dynamic evaluation of cardiac

bisphosphonates uptake performed on a population with

clinical, biochemical and instrumental characterization

of all subjects, including histological demonstration of

amyloid deposits. None of our patients had mutations of

the gene encoding for transthyretin so these results

cannot be extended to patients with hereditary ATTR-

CA.

CONCLUSIONS

In this paper, we suggested a method that allows

performing CA diagnosis by planar scintigraphy after

99mTc-bisphosphate derivative tracers acquiring early

images a few minutes after the tracer administration. A

standard Anger gamma-camera is a widespread instru-

ment, available in any nuclear medicine lab. The

examination thus proposed allows determining the

presence of ATTR-CA, quickly and inexpensively both

in terms of examination costs and time spent.
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