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Abstract
Objectives Although expert consensus recommendations suggest 2–3 h as the time interval between bone-seeking radi-
otracers injection and acquisition, it has been reported that images obtained early after  [99mTc]Tc-HMDP administration are 
sufficient to diagnose cardiac amyloidosis. We evaluated the diagnostic performance of  [99mTc]Tc-DPD early phase whole 
body scan with respect to late phase imaging.
Methods We qualitatively and semiquantitatively reviewed  [99mTc]Tc-DPD imaging of 53 patients referred for suspect cardiac 
amyloidosis. Findings of early and late phase images were compared with SPECT results (considered the standard-of-reference) 
determining sensitivity and specificity for visual analysis of each phase imaging and for each semiquantitative index.
Results SPECT imaging was negative for cardiac accumulation in 25 patients and positive in 28. Visual analysis of early 
phase whole body scan had an extremely significant capability to predict SPECT results; nevertheless, complete agreement 
was not reached. Visual analysis of late phase imaging showed slightly better results. Semiquantitative analysis of early phase 
images, namely heart to mediastinum ratio, performed better than semiquantitative analysis of late phase images.
Conclusion Visual analysis of  [99mTc]Tc-DPD early phase whole body scan is promising in diagnosing cardiac amyloidosis; 
further studies are needed to confirm our results in different clinical scenarios.
Key Points 
• Visual analysis of early phase planar imaging using [99mTc]Tc-DPD is accurate to diagnose cardiac amyloidosis and may 
be satisfactory at least in frail patients with high cardiac burden of amyloid fibrils.
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Abbreviations
ATTR   Amyloid transthyretin
ATTRv   Hereditary ATTR 
ATTRwt   Wild type ATTR 
DPD   3, 3-Diphosphono-1, 2-propanodicarboxylic 

acid

H/CL   Heart to contralateral ratio
H/M   Heart to mediastinum ratio
H/WB   Heart/whole body ratio
HMDP   Hydroxymethylene diphosphonate
HR   Heart retention
PND   Polyneuropathy disability score
PYP   Pyrophosphate
ROI   Region of interest

Introduction

Cardiac amyloidosis is an underdiagnosed condition due 
to the deposition of non-soluble protein aggregates. Amy-
loid transthyretin (ATTR) cardiac amyloidosis is a rapidly 
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progressive heart disease, with a median survival (if not 
treated) of 3.5 years [1].

Scintigraphy with bone-seeking radiopharmaceuticals has 
been demonstrated to be a sensitive non-invasive technique 
in diagnosing ATTR cardiac amyloidosis even in an early 
phase of disease [2].

Planar scintigraphic images obtained after intravenous 
injection of  [99mTc]Tc-hydroxymethylene diphosphonate 
(HMDP) or  [99mTc]Tc-3, 3-diphosphono-1, 2-propanodicar-
boxylic acid (DPD) are typically evaluated using qualitative 
(visual) analysis that requires late phase images, obtained 
2 or 3 h after radiotracer injection [3]. Recently, Galat et al 
[4] reported that early phase images, obtained 10 min after 
 [99mTc]Tc-HMDP injection, provide enough information to 
diagnose cardiac amyloidosis and proposed to use them to 
differentiate ATTR amyloidosis from other variants of cardiac 
amyloidosis and from other causes of left ventricle hyper-
trophy, especially in frail patients. On the other hand, it has 
been suggested that radiotracer staying in the blood pool may 
produce false positive findings and that tomographic imaging 
may be useful to distinguish myocardial radiotracer uptake 
from tracer accumulation in the cardiac blood pool [3, 5].

The aim of our study is to evaluate the diagnostic perfor-
mance of early phase whole body scan using  [99mTc]Tc-DPD 
with respect to late phase imaging.

Materials and methods

We retrospectively reviewed  [99mTc]Tc-DPD imaging per-
formed at our Institution in the last 15 years in patients 
referred for suspect cardiac amyloidosis. Inclusion crite-
ria were as follows: a diagnosis of ATTR amyloidosis was 
reached;  [99mTc]Tc-DPD was used for nuclear medicine 
imaging; both early and late phase whole body images were 
obtained; thorax SPECT imaging was obtained in the same 
imaging session. When a patient had been studied at differ-
ent time points during the course of his/her disease, only 
one series of scans and SPECT was randomly chosen. The 
study was approved by our institutional review committee. 
Informed consent was obtained from all subjects.

Patients

We included in the study 53 patients (24 males; 29 females; 
median age: 53 years; age range 27–88 years); 48 had hered-
itary ATTR (ATTRv) amyloidosis and 5 wild type ATTR 
(ATTRwt) amyloidosis. Gene mutations in ATTRv amy-
loidosis patients were as follows: 25 E89Q (p.E109Q), 17 
F64L (p.F84L), 3 T49A (p.T69A), 2 V122I (p.V142I), 1 
E89Q + G6S (p.E109Q + p.G26S).

Among 48 patients with ATTRv amyloidosis, 30 patients 
showed no limitation of physical activity (NYHA class 1), 

14 had slight limitation of physical activity (NYHA class 
2), and 4 had marked limitation of physical activity (NYHA 
class 3). Biventricular systolic function was normal in most 
subjects — median left ventricular ejection fraction: 64.5% 
(range 54–71%); median tricuspid annular plane systolic 
excursion: 19 mm (range 12–23 mm) — whereas diastolic 
function was abnormal in many patients (median E/e’ = 8; 
range 3–18). Interventricular septum thickness varied greatly 
among patients (median: 12 mm; range 8–20 mm).

Ten out of 48 patients with ATTRv amyloidosis had no 
neuropathy symptoms, 14 had sensory disturbances but 
preserved walking capability (polyneuropathy disability 
score (PND) [6] stage I), 11 showed impaired walking abil-
ity without need for a stick (PND stage II), 4 could walk 
only with the help of one stick (PND stage IIIA), 4 could 
walk only with the help of 2 sticks (PND stage IIIB), and 5 
were confined to a wheelchair or bedridden (PND stage IV).

Seventeen of these 48 patients had no autonomic nervous sys-
tem dysfunction, 15 showed mild autonomic dysfunction (com-
pound autonomic dysfunction test [7] between 16 and 19 for 
males and 12–15 for females), 10 moderate autonomic dysfunc-
tions (compound autonomic dysfunction test 12–15 for males 
and 9–12 for females), and 6 severe autonomic dysfunctions.

Among 5 patients with ATTRwt amyloidosis, 1 patient 
showed no limitation of physical activity (NYHA class 1) 
and 4 had slight limitation of physical activity (NYHA class 
2). Left ventricular ejection fraction ranged between 51 and 
66% (median: 58%), tricuspid annular plane systolic excur-
sion between 16 and 23 mm (median: 18 mm), E/eo between 
5 and 21 (median: 15), and interventricular septum thickness 
between 16 and 23 mm (median: 20 mm).

[99mTc]Tc‑DPD imaging acquisition and analysis

Whole body images (anterior and posterior views) 
were obtained 5–10  min (early phase images) and 
180 min ± 15 min (late phase images) after intravenous 
injection of 740 MBq of  [99mTc]Tc-DPD by using a dual 
headed gamma camera. Sweep whole body scans were 
obtained in cranio-caudal direction with a 11 cm/min scan 
speed. Thus, heart was imaged about 3–5 min after starting 
(8–15 min after radiotracer injection).

SPECT images were obtained immediately after late 
phase whole body imaging using a circular orbit, a 360° 
rotation, a 3° step-and-shoot technique, and an acquisition 
time of 25 s per frame with a 128 × 128 matrix.

Early phase images (anterior and posterior views) were 
randomly evaluated by two independent nuclear medicine 
physicians experienced in cardiac amyloidosis imaging. Early 
images were visually assessed for cardiac uptake and catego-
rized as negative (no cardiac uptake) or positive (presence 
of cardiac uptake) (Fig. 1). A third nuclear medicine physi-
cian reviewed data and identified cases that have received 
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different categorization by the two readers; cases were resub-
mitted to the two readers who evaluated images in consensus 
to provide a definitive categorization. One month later, late 
phase images (anterior and posterior views) were randomly 
evaluated by (the same) two independent nuclear medicine 
physicians according to Perugini’s score (0 = absent cardiac 
uptake and normal bone uptake; 1 = mild cardiac uptake 
inferior to bone uptake; 2 = moderate cardiac uptake with 
attenuated bone uptake; 3 = strong cardiac uptake with mild/
absent bone uptake) [8] and categorized as negative (score 0) 
or positive (score 1 or 2 or 3). A third nuclear medicine phy-
sician reviewed data and identified cases that have received 
different scores by the two readers; cases were resubmitted 
to the two readers who evaluated images in consensus to 
provide a definitive score. One month later, thorax SPECT 
images were randomly evaluated, in consensus, by the same 
two nuclear medicine physicians and categorized as negative 
(no myocardial uptake) or positive (presence of myocardial 
uptake). Finally, case images showing different results across 
the three different sets of images were reviewed to find pos-
sible causes for the discrepancies, considering SPECT results 
as the standard of reference.

Moreover, a semiquantitative analysis was performed on 
both early and late phase imaging. Two different indexes 
were obtained from early phase images: (1) heart to medi-
astinum ratio (H/M) and (2) heart to contralateral ratio (H/
CL). H/M was obtained by dividing counts in the left ven-
tricle region of interest (ROI) by counts in the mediastinum 
ROI (this ROI was obtained by copying ROI and pasting it 
on the large thoracic vessels, in the center of the thorax, just 
above left ventricle ROI) [4]. H/CL was obtained by dividing 
counts in the left ventricle ROI to counts in a mirror con-
tralateral ROI. All these ROIs were placed on the anterior 
view of the early phase whole body scan [9]. Similarly, two 
different indexes — (1) heart retention (HR) and (2) heart/
whole body ratio (H/WB) — were obtained from late phase 
images, as previously described [8, 10]. Briefly, HR was 
obtained as the ratio between decay-corrected counts of the 
heart in late phase images and counts in early phase whole-
body images whereas H/WB was determined by dividing 

counts in the heart by whole-body images counts in late 
scintigraphy; heart and whole body counts were obtained 
as geometric means of respective counts in the anterior and 
posterior projections.

Statistical analysis

Cohen’s k statistics has been used to evaluate interobserver 
agreement for categorization of each phase imaging and to 
evaluate agreement between early and late phase categoriza-
tions for each observer and for consensus reading.

Kolmogorov–Smirnov test has been used to examine if 
continue variables were normally distributed.

The Mann–Whitney test or the Kruskal–Wallis test 
with Dunn’s post hoc test, as appropriate, has been used to 
assess the differences in quantitative parameters between 
groups. The chi-squared test for independence or the Fish-
er’s exact test, as appropriate, was used to assess the dif-
ferences in categorical parameters between groups, after 
adequate pooling. In particular, Fisher’s exact test has been 
used to compare, for each observer and for consensus read-
ings, findings of early and late phase images with SPECT 
results; sensitivity, specificity, and positive and negative 
predictive values of early and late phase images were also 
determined.

Receiver operating characteristics curves analysis and 
Youden’s test were used to compare performances and to 
determine the best threshold to predict SPECT findings for 
each semiquantitative index.

A two-sided p value < 0.05 has been considered to be sta-
tistically significant.

Statistical analyses were performed using MedCalc for 
Windows, version 19.4.1 (MedCalc Software).

Results

SPECT imaging was negative for cardiac accumulation in 
25 patients and positive in 28 patients. No statistically sig-
nificant difference in the left ventricular ejection fraction 

Fig. 1  Representative images 
for visual assessment of early 
(soft tissue) phase scans show-
ing no cardiac radiotracer 
accumulation (negative scan; 
a) or cardiac radiotracer uptake 
(positive scan; b)
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was found between the two groups (p = 0.28). There was no 
correlation between Perugini’s score and the left ventricular 
ejection fraction (p = 0.36). On the other hand, a statistically 
significant correlation was found between Perugini’s score 
and the following indicators: severity of cardiac symptoms 
(NYHA class) (p < 0.0001), TAPSE (p = 0.018), diastolic 
function (E/e’) (p = 0.0016), interventricular septum thick-
ness (p = 0.0003), PND (p = 0.0002), and degree of auto-
nomic nervous system dysfunction (p = 0.0015).

Results of visual analysis for both readers and consensus 
readings are reported in Table 1.

An almost perfect agreement between the two observ-
ers was found for categorization of both early phase images 
(94.34% of agreement; Cohen’s K: 0.8867) and late phase 
images (96.23% of agreement; Cohen’s K: 0.9244); in all 
patients who received different evaluations from observers, 
Perugini’s score for late phase images never exceeded 1.

An almost perfect agreement was found between catego-
rization of early and late phase images (Table 2); in all cases 
of disagreement, Perugini’s score for late phase images did 
not exceed 1.

The capability of early phase images to predict SPECT 
findings (standard of reference) was extremely significant, 
but did not reach complete agreement in any case (Table 3); 
the capability of late phase images to predict SPECT find-
ings was extremely significant, but complete agreement was 
reached only by consensus reading (Table 4). In all cases 
of disagreement, Perugini’s score for late phase images did 
not exceed 1.

Both readers reported evidence of cardiac blood pool 
as a cause of false positive results for both early and late 
phase images (Fig. 2); on the other hand, absence of clear 
radiotracer accumulation in myocardial wall represented a 
cause of false negative results for both early and late phase 
images (Fig. 3). Increased background activity (soft tissue 
radiotracer accumulation) and superimposition of radiotracer 
accumulating structures were additional causes of incorrect 
categorization of planar images by visual analysis.

At late phase whole body images, we found (non-osse-
ous) extracardiac lesions in 26/53 patients (49.1%); most 
frequently involved sites were soft tissues (muscles, fat) 
(49.1%) and pleuro-pulmonary (27.7%). At early phase 
whole body images, extracardiac radiotracer accumulation 
was found in only 7/53 patients (13.2%); most frequently 
involved sites were soft tissues (muscles, fat) (9.4%) and 
pleuro-pulmonary (5.7%). All patients showing extracardiac 
radiotracer accumulation at early phase imaging also showed 
it at late phase imaging. Moreover, all patients showing ext-
racardiac radiotracer accumulation also presented cardiac 
radiotracer accumulation.

As far as semiquantitative indexes are regarded, receiver 
operating characteristics curves analysis revealed a better 
performance of H/M for early phase images evaluation and 
of HR index for late phase images evaluation; interestingly, 
semiquantitative analysis of early phase images performed 
better than semiquantitative analysis of late phase images 
(Table 5; Fig. 4). Namely, a threshold of 1.13 for H/M 
reached the best results showing 96.43% sensitivity and 96% 
specificity in predicting SPECT findings. Best thresholds for 
each index and related performances in predicting SPECT 
findings are reported in Table 5.

Table 1  Results of visual analysis of both early and late phase whole 
body images for two readers and consensus readings

SPECT findings

Reader 1
Early phase whole body Negative Positive
Negative 24 1
Positive 1 27
Late phase whole body
Negative (score 0) 25 1
Positive (score 1–3) 0 27*
  *score 1 0 5
  *score 2 0 14
  *score 3 0 8

Reader 2
Early phase whole body Negative Positive
Negative 24 2
Positive 1 26
Late phase whole body
Negative (score 0) 24 0
Positive (score 1–3) 1 28#

  #score 1 1 6
  #score 2 0 14
  #score 3 0 8
Consensus readings
Early phase whole body Negative Positive
Negative 25 2
Positive 0 26
Late phase whole body
Negative (score 0) 25 0
Positive (score 1–3) 0 28§

  §score 1 0 6
  §score 2 0 14
  §score 3 0 8

Table 2  Agreement between categorization of early and late phase 
images for two readers and consensus readings

% of agreement Cohen’s K

Reader 1 98.11 0.9622
Reader 2 96.23 0.9244
Consensus readings 96.23 0.9246

3038 European Radiology (2022) 32:3035–3044



1 3

Discussion

Amyloidosis is a systemic disease characterized by the 
deposition of non-soluble protein fibrils in several tissues 
and organs. ATTR amyloidosis may be due to the deposi-
tion of wild type ATTR (usually involving the heart of 
elderly patients) or mutated ATTR. ATTRv amyloidosis 
is a rare form of genetic disease due to different TTR gene 
mutations that may be responsible for different locations 
of amyloid fibrils deposition. Accordingly, the clinical pic-
ture may be characterized by a sensitive and/or vegetative 
neuropathy and/or a cardiomyopathy.

Cardiac amyloidosis is a rapidly progressive heart dis-
ease carrying a poor prognosis [1]. Nowadays, several 
therapeutic options for ATTR amyloidosis are available 
[11–15]; thus, an early diagnosis is strongly desirable. 
Although the standard of reference to diagnose cardiac 
amyloidosis is represented by endomyocardial biopsy with 
immunohistochemical analysis or mass spectroscopy, non-
invasive techniques may largely contribute to assess car-
diac amyloidosis. While it has been reported that even a 
combination of first-line techniques as echocardiography 
and electrocardiography can permit early identification of 
cardiac amyloidosis in patients with TTR gene mutations 

Table 3  Sensitivity, specificity, 
positive and negative predictive 
values of early phase whole 
body images in predicting 
SPECT findings

PPV, positive predictive value; NPV, negative predictive value

Reader 1 Reader 2 Consensus reading

Sensitivity (95% CI) 96.43 (81.64–99.91) 92.86 (76.51–99.12) 92.86 (76.51–99.12)
Specificity (95% CI) 96.00 (79.65–99.90) 96.00 (79.65–99.90) 100 (86.29–100)
PPV (95% CI) 96.43 (81.64–99.91) 96.30 (81.03–99.91) 100 (86.77–100)
NPV (95% CI) 96.00 (79.65–99.90) 92.31 (74.88–99.05) 92.59 (75.69–99.09)
Fisher’s exact test p  < 0.0001  < 0.0001  < 0.0001

Table 4  Sensitivity, specificity, 
positive and negative predictive 
values of late phase whole body 
images in predicting SPECT 
findings

PPV, positive predictive value; NPV, negative predictive value

Reader 1 Reader 2 Consensus reading

Sensitivity (95% CI) 96.43 (81.64–99.91) 100 (87.66–100) 100 (87.66–100)
Specificity (95% CI) 100 (86.29–100) 96.00 (79.65–99.90) 100 (86.29–100)
PPV (95% CI) 100 (87.24–100) 96.55 (82.22–99.91) 100 (87.66–100)
NPV (95% CI) 96.15 (80.38–99.90) 100 (85.75–100) 100 (86.29–100)
Fisher’s exact test p  < 0.0001  < 0.0001  < 0.0001

Fig. 2  Early (soft tissue) phase 
scan (a) and late (bone) phase 
scan (b) images in a patient 
harboring ATTRv amyloido-
sis (F64L mutation) with no 
evidence of cardiac radiotracer 
accumulation on SPECT images 
(c). Early phase scan was judged 
to be positive by one reader
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[16], scintigraphy using bone-seeking radiopharmaceuti-
cals has been demonstrated to reveal cardiac involvement 
earlier; furthermore, cardiac  [99mTc]Tc-DPD accumulation 
may precede neurological symptoms in patients carrying 
gene mutations associated with a mixed neurologic/cardio-
logic phenotype [17]. Moreover, nuclear medicine imaging 
using bone seeking radiopharmaceuticals may contribute 
to differentiate between amyloid light chain amyloidosis 

and ATTR amyloidosis, thus replacing the need for biopsy 
in several cases [18].

Nuclear medicine imaging using bone seeking radiop-
harmaceuticals is typically evaluated by visual grading on 
late phase images; indeed, the most largely used scoring 
system is based on visual comparison between cardiac and 
bone uptake [3, 8]. Similarly, several different semiquantita-
tive indexes, for whose determination late phase images are 

Fig. 3  Early (soft tissue) phase 
scan (a) and late (bone) phase 
scan (b) images in a patient 
harboring ATTRv amyloidosis 
(E89Q mutation) with evidence 
of cardiac radiotracer accumu-
lation on SPECT images (c). 
Early phase scan failed to reveal 
cardiac radiotracer accumula-
tion whereas late phase scan 
was judged to be negative by 
one reader

Table 5  Best thresholds 
and performances of 
semiquantitative indexes in 
predicting SPECT findings

H/M, heart to mediastinum ratio; H/CL, heart to contralateral ratio; HR, heart retention; H/WB, heart/whole 
body ratio

Index AUC (95% CI) Youden’s index Threshold Sensitivity Specificity

H/M 0.989 (0.913–1.000) 0.92  > 1.13 96.43% 96%
H/CL 0.945 (0.846–0.989) 0.78  > 1.59 85.71% 92%
HR 0.822 (0.693–0.914) 0.61  > 3 89.29% 72%
H/WB 0.756 (0.619–0.864) 0.49  > 5.9 57.14% 92%
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needed, have been defined and studied [2]. Namely, it has 
been reported that, in ATTRv amyloidosis patients, cardiac 
retention of bone seeking radiotracers on late phase images 
correlates with septal thickness, diastolic and strain impair-
ments [19] whereas whole body retention of radiotracer cor-
relates with neurological impairment [20].

Recently, Galat et al reported that early phase  [99mTc]
Tc-HMDP scintigraphy (whole-body scan obtained 10 min 
after radiotracer administration) perfectly predicts late-phase 
findings; moreover, they reported that an early H/M ≥ 1.115 
predicts late cardiac accumulation with a sensitivity of 100% 
and a specificity of 97%, while an early H/M ratio ≥ 1.210 
discriminates amyloid light chain amyloidosis from ATTR 
cardiac amyloidosis with a perfect accuracy (100% sen-
sibility and specificity) [4]. In another study of the same 
Group, Abulizi et al compared myocardial uptake intensity 
of  [99mTc]Tc-HMDP and  [99mTc]Tc-DPD in a small series 
of patients affected by cardiac ATTRv amyloidosis. How-
ever, the comparison that showed comparable radiotrac-
ers uptake involved only six patients and was based only 
on early phase images [21]. More recently, Santarelli et al 
demonstrated that it is possible to determine the presence 

of ATTR cardiac amyloidosis, by using  [99mTc]Tc-HMDP, 
evaluating the time-activity curve “heart/bone(t)” and the 
retention index “heart–bone(t)”, for t > 6 min [22]. On the 
other hand, it has been reported that radiotracer staying in 
the blood pool may be responsible for false positives results 
on planar imaging and that SPECT/CT may be useful in 
solving this issue [3, 5].

In the present study, we tried to answer the following 
questions: can  [99mTc]Tc-DPD early phase whole body scan 
images predict late phase whole body scan findings? What is 
the performance of early and late phase images with respect 
to SPECT imaging?

Our series included patients with different TTR gene 
mutations, characterized by different phenotypes and rates 
of cardiac involvement [15, 23, 24], and different degrees of 
cardiac uptake [25]. Moreover, differently from the study by 
Galat et al [4], our series included many ATTRv amyloidosis 
patients in early phase of disease.

We demonstrated that visual analysis of early phase 
whole body scan using  [99mTc]Tc-DPD almost perfectly pre-
dicts late phase whole body findings and SPECT results even 
in patients in an early stage of disease; visual analysis of late 

Fig. 4  Receiver operating 
characteristics curves showing 
capability of semiquantita-
tive indexes to predict SPECT 
findings
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phase images performs only slightly better than early images 
in predicting SPECT results; semiquantitative analysis does 
not ameliorate visual analysis performance.

Our data confirm that early phase planar images can correctly 
reveal cardiac radiotracer accumulation in a large majority of 
cases also using different bone seeking radiotracers. Indeed, our 
results using  [99mTc]Tc-DPD are similar to that of Galat et al [4] 
and are in line with that of Santarelli et al [22] who used  [99mTc]
Tc-HMDP. On the other hand, the lack of studies evaluating the 
diagnostic capability of  [99mTc]Tc-pyrophosphate (PYP) imaging 
at early time points (less than 1 h) makes it difficult to say if our 
results are applicable also for this radiotracer. Since similar blood 
pool clearance for  [99mTc]Tc-DPD and  [99mTc]Tc- PYP has been 
reported in a rat model [26], we can only speculate that similar 
results could be obtained.

Visual evaluation of early phase images may be difficult 
and inaccurate only when subtle and/or segmental myo-
cardial radiotracer accumulation is appreciable on SPECT 
imaging. Nevertheless, the evaluation of planar late phase 
images does not perform significantly better. Furthermore, 
interobserver agreement is not absolute and the same 
observer may differently categorize early and late phase 
images from the same patient. Blood pool activity may be 
responsible for false positive results on both early and late 
phase images (Fig. 2); on the other hand, blood pool activ-
ity may obscure mild myocardial radiotracer accumulation 
resulting in false negative results (Fig. 3). Additionally, 
superimposition of radiotracer-accumulating structures (e.g., 
calcifying costal cartilage, sternum and spine superimposi-
tion) may determine false positive or false negative results 
on late phase imaging.

These assumptions could be confirmed by a multicenter 
study by Castano et al who reported that visual analysis of 
 [99mTc]Tc-PYP scintigraphy obtained 1 h after radiotracer 
administration is more sensitive but less specific than visual 
analysis of  [99mTc]Tc-PYP scintigraphy obtained at 3 h (95% 
vs 58%, and 79% vs 100%, respectively) because of reduc-
tion of myocardial uptake and increase of bone uptake over 
time. Furthermore, they suggested that the issue of increased 
bone activity at 3 h planar imaging can be overcome by 
SPECT imaging [27].

Semiquantitative analysis in our study did not show 
better performances than visual analysis. Moreover, sem-
iquantitative indexes extracted from late phase images 
to determine cardiac amyloid load seem to be largely 
influenced by radiotracer accumulation in other soft tis-
sues and bone [27–29], being unable to monitor cardiac 
amyloid deposition progression. Minutoli et al reported 
no statistically significant differences for HR and H/WB 
between patients with visual score 0 and patients with vis-
ual score 1 and no statistically significant modifications 
of such indexes have been found over 4 years follow-up 
[17]. Similarly, no significant modifications of H/CL have 

been recognized over 1.5 years follow-up in patients with 
advanced TTR-related amyloidosis despite clear clinical 
progression [30]. Moreover, a large overlap of semiquanti-
tative indexes between patients with Perugini’s score 2 and 
3 has been reported [31] and radiotracer uptake in skeletal 
muscle (and not in the myocardium) has been suggested 
to be responsible for different appearance in patients with 
Perugini’s grade 2 and grade 3 cardiac uptake [29].

Among the different semiquantitative indexes that we 
tested, H/M ratio performed better than H/CL ratio prob-
ably because it is less influenced by the presence of ext-
racardiac uptake (namely lung uptake) which frequently 
occurs after  [99mTc]Tc-DPD or  [99mTc]Tc-HMDP admin-
istration [32, 33] and is far less common when  [99mTc]
Tc-PYP is used [34, 35]. Moreover, on early phase images, 
whatever bone seeking radiotracer is used, H/M ratio 
might exert a better “comparison” of radiotracer activity 
in the cardiac area (blood pool activity plus myocardial 
uptake) with blood pool activity in the mediastinum.

The main sign that permits to differentiate between car-
diac blood pool activity and myocardial radiotracer accu-
mulation due to amyloidosis is evidence of hyperactive 
myocardial wall (Fig. 5). Nevertheless, this “myocardial 
wall sign” can be not recognizable in those cases charac-
terized by mild cardiac amyloid load or may be obscured, 
in late phase imaging, by bone uptake. In such cases, 
SPECT imaging may correctly identify myocardial uptake.

A limitation of our study may be represented by its ret-
rospective nature; however, a relatively large monocen-
tric cohort of patients affected by a rare disease has been 
included and only one series of scans and SPECT has been 
evaluated when a patient had been studied at different time 
points during the course of disease. Moreover, acquisition 
of early and late phase scintigraphic images plus late phase 
thorax SPECT images was the standard methodology for 
suspect cardiac amyloidosis in our Centre. Another limita-
tion of our study is the lack of early phase SPECT imaging 
that could help in obtaining a full comparison between 
early phase and late phase imaging performances; indeed, 
it is expected to have a better performance of tomographic 
findings [3, 5, 25] even in early phase imaging. Neverthe-
less, we clearly demonstrated that visual analysis of early 
phase whole body scan using  [99mTc]Tc-DPD is accurate 
to diagnose cardiac amyloidosis.

In conclusion, although further studies are needed to 
fully compare early phase and late phase imaging, visual 
analysis of early phase whole body imaging using  [99mTc]
Tc-DPD is promising in diagnosing cardiac amyloidosis 
and may be considered satisfactory at least in frail patients 
with high cardiac burden of amyloid fibrils.
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