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Abstract
Purpose Amyloid light chain (AL) and transthyretin (ATTR) are the major subtypes of cardiac amyloidosis (CA). 99mTc-
pyrophosphate (PYP) scintigraphy is used to differentiate ATTR from other CA subtypes. We adapted the standardized uptake 
value (SUV) for 99mTc-PYP and proposed two quantitative indices, amyloid deposition volume (AmyDV) and total amyloid 
uptake (TAU). This study aimed to evaluate the utility of these quantitative indices in differentiating ATTR from non-ATTRs.
Materials and methods Before the SUV measurement, the Becquerel calibration factor (BCF) of 99mTc was obtained by 
a phantom experiment. Thirty-two patients who had undergone hybrid SPECT/CT imaging 3 h after injection of 99mTc-
PYP (370 MBq) were studied. CT attenuation correction for image reconstruction was applied in all. We calculated SUV, 
AmyDV, and TAU using a quantitative analysis software program for bone SPECT (GI-BONE) and analyzed AmyDV using 
two methods: threshold method (set 40%); and constant value method (average  SUVmax of ribs). We assessed the diagnostic 
ability of heart-to-contralateral lung (H/CL) ratio, SUV, AmyDV, and TAU to differentiate ATTR from non-ATTR using 
receiver operating characteristic (ROC) analysis.
Results Statistically significant differences in all quantitative indices were observed between ATTR and non-ATTR. The area 
under the curve of each quantitative index for discriminating between ATTR and non-ATTR were as follows: H/CL, 0.997; 
 SUVmax, 0.953;  SUVmean (M1), 0.964;  SUVmean (M2), 0.969; AmyDV (M1), 0.875; AmyDV (M2), 0.974; and TAU, 0.974. 
The AmyDV (M2) had higher diagnostic ability than AmyDV (M1). Thus, TAU was calculated as AmyDV (M2) ×  SUVmean 
(M2). In the ROC curve, SUV, AmyDV, and TAU had almost the same diagnostic ability as H/CL in distinguishing ATTR 
from non-ATTRs.
Conclusions We propose two novel 3D-based quantitative parameters (AmyDV and TAU) that have almost equal ability to 
discriminate ATTR from non-ATTR.
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Introduction

Amyloid light chain (AL) and transthyretin (ATTR) are 
major subtypes of cardiac amyloidosis (CA) [1]. 99mTc-
pyrophosphate (PYP) scintigraphy demonstrates selective 
positive uptake in ATTR CA and has been used to differ-
entiate ATTR from other CA subtypes. Myocardial uptake 
of 99mTc-PYP is analyzed visually and quantitatively. In a 
visual evaluation, uptake by heart is compared with that by 
ribs and graded: grade 0, none by heart but normal in ribs; 
grade 1, less than rib uptake; grade 2, equal to rib uptake; 
grade 3, more than rib uptake. Grade 2 and 3 are judged as 
positive for ATTR.

In the quantitative analysis, the uptake ratio of the heart to 
the contralateral lung (H/CL), was calculated on the planar 
images. H/CL > 1.5 was judged as positive [2–5].

The standardized uptake value (SUV) was first intro-
duced for positron emission tomography (PET) and is the 
most commonly used quantitative index for PET, but rarely 
used for SPECT. Quantitative evaluation using the SUV is 
thus an advantage of PET over SPECT. Software program 
which can calculate the SUV, perform quantitative analysis 
of bone SPECT/CT and evaluation of the uptake has been 
developed and implemented We adapted the SUV for 99mTc-
PYP and proposed two quantitative indices, amyloid depo-
sition volume (AmyDV) and total amyloid uptake (TAU), 
corresponding to the volume of abnormal myocardial amy-
loid deposition. This study aimed to evaluate the utility of 
these quantitative indices in differentiating ATTR from 
non-ATTRs.

Materials and methods

This single center, retrospective study was performed at our 
institution, after approval by the ethics committee. Require-
ment of written informed consent was waived. The informa-
tion disclosure document for this study is available to the 
public on our institution website. We performed phantom 
and clinical studies using a hybrid SPECT/CT system (Sym-
bia T16; Siemens, Germany).

Phantom study

Before the SUV measurement, we performed a phantom 
experiment to calculate the Becquerel calibration factor 
(BCF) for converting counts of reformatted SPECT images 
to the radioactivity concentration. A cylindrical phantom 
(inner diameter, 16 cm; length, 15 cm; volume, 3016 mL; 
Sangyo Kagaku, Tokyo, Japan) was prepared with water 

and 21.4 MBq of 99mTc-PYP. We scanned the phantom for 
15 min and reconstructed the data according to the clini-
cal 99mTc-PYP SPECT/CT protocol (Table 1). The BCF 
acquired using bone SPECT analysis software, GI-BONE 
(AZE Corp., Tokyo, Japan), was used to calculate the SUV 
in this study.

Patient study

We studied 32 patients who underwent 99mTc-PYP scintigra-
phy at our hospital between April 2018 and June 2022 in this 
retrospective study (ATTR, n = 8; non-ATTR, n = 24; men, 
n = 23; women, n = 9; age, 16–83 years; Table 2). Clinical 
diagnosis was confirmed by board-certified cardiologists. 
Cardiac biopsy was performed in 12 amyloidosis patients, of 
whom 5 were pathologically proven to be ATTR type, and 7 
to be AL type. In every patient, approximately 370 MBq of 
99mTc-PYP was injected intravenously, a whole-body planar 
image was obtained, and the SPECT/CT scan was performed 
3 h after injection. We used CT data for attenuation correc-
tion and anatomical information. Imaging after 1 h improves 
sensitivity, and imaging after 3 h improves specificity [6]. 
The visual assessment method is a validated technique for 
images obtained after 3 h, but the same criteria should not 
be applied to images obtained after 1 h because it is some-
times difficult to distinguish between a blood radioisotope 
pool and myocardial uptake. At our hospital, both visual and 
quantitative evaluation have been performed, and only planar 
imaging after 3 h, which has high specificity, and SPECT/
CT examinations are performed.

Visual evaluation

The 4-score grading of cardiac uptake was performed by two 
board-certified nuclear medicine specialists.

0: No myocardial uptake. Normal ribs uptake.
1: Lower myocardial uptake than ribs uptake.

Table 1  Image processing

SPECT/CT scanner Symbia T16 (Siemens)

RI 99mTc-PYP
Colimator LEHR
keV 140 keV ± 15%
Matrix 128 × 128
Pixel size 3.3 mm
Image processing Continuous mode
Rotation 180°
Collection time 30 s × 30
Attenuation correction CTAC 
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2: Myocardial uptake equivalent to ribs uptake.
3: Higher myocardial uptake than ribs uptake with mild/

absent rib uptake.

Quantitative indices

Heart to contralateral lung (H/CL) ratio

The H/CL ratio was calculated using Syngo MI (SIEMENS 
Healthineers, Germany). On the planar images, identical 
regions of interest (ROI) were marked on the heart and con-
tralateral chest, and the heart/contralateral (H/CL) ratio cal-
culated as a ratio of the heart ROI counts to the contralateral 
chest ROI counts (Fig. 1).

SUV

The radiation count was converted to radioactivity using the 
BCF calculated with the quantification software program 
for bone SPECT (GI-BONE; AZE Corp., Tokyo, Japan). 
Its formula is: Radioactivity of the region (Bq) = (radiation 
count of the region) × BCF.

The SUV was calculated using the formula: SUV = mean 
volume of interest (VOI) activity (MBq /g)/[injected dose 
(MBq)/body weight (g)] = [(total count of VOI) × BCF/the 
volume of VOI]/[injected dose/body weight].

The SUV of the heart and ribs were measured separately 
using the previous BCF. To set the VOI, 40% of the  SUVmax 
of the VOI, which is the default value of GI-BONE, was 
used as the threshold. The  SUVmax,  SUVpeak, and  SUVmean 
of the heart and  SUVmax of the ribs were calculated. The 
entire heart was set as its VOI, avoiding the ribs and spine. 
The VOIs of the ribs were set on the right-side ribs, and the 

Table 2  Patient characteristics ATTR Non-ATTR p value

Number of patients 8 24 −
Men/women 8/0 15/9  < 0.05
Age: mean (range) 76.1 (69–83) 63.6 (16–83)  < 0.05
Body weight: mean (SD) 57.4 (3.48) 60.9 (17.1) 0.363

AL 12
Heart failure with preserved ejection 

function: HFpEF
3

Hypertensive heart disease 2
Dilated cardiomyopathy: DCM 1
Hypertrophic cardiomyopathy: HCM 1
Mitochondrial cardiomyopathy 1
Duchenne muscular dystrophy 1
Chronic heart failure 1
Congestive heart failure: CHF 1
No heart disease 1

Fig. 1  H/CL ratio – ATTR patient: ROI 1; The average count is 
52.39. ROI 2; The average count is 26.56. H/CL = 1.97. Intense 
uptake in myocardium is observed compered to ribs (grade 3)
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highest SUV was considered the  SUVmax of the ribs of each 
patient. Focal intense uptake suggestive of a rib fracture was 
excluded (Fig. 2).

We proposed two quantitative indices for 99mTc-PYP: 
AmyDV and TAU.

Amyloid deposition volume (AmyDV)

Amyloid deposition volume corresponds to the metabolic 
tumor volume (MTV) on FDG-PET. It represents the vol-
ume of voxels with an SUV exceeding the cut-off value. 
The region exceeding the cut-off value was considered 
amyloid deposition. We analyzed AmyDV by two methods: 

threshold method, M1 (set 40%); and constant value method, 
M2 (average of ribs  SUVmax from all the patients) (Fig. 3).

The diagnostic abilities of each method in differentiat-
ing ATTR from non-ATTRs were assessed using receiver 
operating characteristic (ROC) analysis and the area under 
the curve (AUC).

Total amyloid uptake (TAU)

The cut-off value that had the highest AUC for AmyDV was 
adapted to calculate TAU.

Total amyloid uptake corresponds to total lesion glycoly-
sis (TLG) on FDG-PET. The TAU was calculated using the 
following formula:

Fig. 2  Setting VOI for myocardium and ribs

Fig. 3  Two analysis methods for AmyDV. a M1, threshold method (set 40%). b M2, constant value method (average of ribs  SUVmax from all 
patients)
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The diagnostic abilities of the H/CL ratio,  SUVmax, 
 SUVpeak,  SUVmean, AmyDV, and TAU in differentiating ATTR 
from non-ATTRs were also assessed using ROC analysis and 
the AUC.

Statistical analysis

We used the chi-squared test and Student’s t-test to compare 
patient characteristics such as sex, age, and body weight. The 
Student’s t-test was used to compare each index (H/CL ratio, 
 SUVmax,  SUVpeak,  SUVmean, AmyDV, and TAU) between the 
ATTR and non-ATTR groups. Statistical significance was set 
at p < 0.05.

We used the ROC curve analysis to set the cut-off value and 
evaluate the sensitivity, specificity, test accuracy, and AUC 
of each quantitative index. The difference in the AUC was 
examined using the chi-squared test.

Results

Phantom study

The BCF was obtained as 4858.926 [Bq/cps].

Visual evaluation

Two nuclear medicine specialists interpreted the planar and 
SPECT images independently. The issue of same images 
graded differently by the specialists were resolved through 
consensus to provide a final grade. The results are presented 
in Table 3. Grade 2 or 3 were considered ATTR positive. None 
of the non-ATTR cases was classified as grade 3.

Quantitative indices

The average of the ribs  SUVmax from all 32 patients was 
2.1 ± 1.0.

The statistical results of the ROC analysis for cardiac 
 SUVmean and AmyDV are shown in Fig. 4 and Table 4, respec-
tively, for comparison between M1 and M2 when TAU was 
calculated. For cardiac  SUVmean, there was no statistically sig-
nificant difference depending on the threshold-setting method. 
For AmyDV, M2 (constant value method) was statistically 
superior to M1 (threshold method) and had a higher AUC 
(0.974). TAU was calculated using the following formula:

TAU = AmyDV × SUVmean.

TAU = AmyDV (M2) × SUVmean(M2).

The six quantitative indices are listed in Table 5. All 
index values were significantly higher in the ATTR group 
(P < 0.05), than those in the non-ATTR group.

Figure 5 and Table 6 show the ROC results of the diag-
nostic ability of differentiating ATTR from non-ATTR. 
The  SUVmean and AmyDV were calculated using M2. The 
sensitivity, specificity, and accuracy of  SUVmax,  SUVpeak, 
 SUVmean, AmyDV, and TAU were slightly inferior to those 
of H/CL. The AUC showed almost the same values for 
 SUVmax (0.953),  SUVpeak (0.943),  SUVmean (0.969), AmyDV 
(0.974), TAU (0.974), and H/CL (0.997).

Discussion

Amyloidosis is the deposition of abnormal proteins in vari-
ous tissues and organs causing their dysfunction and even 
failure. The reported frequency of AL amyloidosis in the 
United States was 40.5 per million in 2015 [7]. The deposi-
tion of senile systemic ATTR-derived amyloid fibers in tis-
sues progresses with age and a clinicopathological autopsy 
study reported that approximately 25% of people over 
80 years old had amyloid deposits in the heart [8, 9].

Magnetic resonance imaging (MRI), CT, and nuclear 
medicine imaging have been used to diagnose CA. Diag-
nostic uses of Cine MRI and delayed-enhanced MRI are 
common, but lately, the usefulness of myocardial T1 map-
ping for quantitative evaluation of myocardial tissue has 
been shown and recommended for the diagnosis of CA [10, 
11]. T2 mapping and myocardial strain MRI have also been 
found useful [12, 13].

In nuclear medicine examinations, 99mTc-PYP bone scin-
tigraphy, also has high sensitivity and specificity for ATTR 
CA and is used for noninvasive pathological diagnosis [6, 
14, 15]. The mechanism of accumulation of bone tracers, 

Table 3  Grade classification

ATTR (n = 8) non-ATTR 
(n = 24)

Total (n = 32)

Planar
 Grade classification
 0 0 11 11
 1 0 12 12
 2 0 1 1
 3 8 0 8

Quantitative SPECT
 Grade classification
 0 0 19 19
 1 0 4 4
 2 1 1 2
 3 7 0 7
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including 99mTc-PYP, in ATTR CA is currently unknown; 
however, a calcium-mediated mechanism has been specu-
lated. 123I-meta- iodobenzylguanidine (123I-MIBG) is useful 
for detecting denervation in CA and assessing the patho-
physiology of heart failure [16]. In recent years, amyloid 
PET using an amyloid-specific tracer has also been studied 
at the preclinical stage [17–19]. Identification of CA non-
invasively, as either AL or ATTR, is important as their treat-
ment protocols are different. It is difficult to distinguish AL 
from ATTR using cardiovascular MRI (CMR) and CT. The 
sensitivity of endomyocardial biopsy for ATTR CA was 
reported to be 100%, and the frequency of sampling errors 
was extremely low [20]. However, endomyocardial biopsy 
is highly invasive, and the detection rate of amyloid protein 
is not high in abdominal fat aspiration of wild-type ATTR 
amyloidosis [21]. 99mTc-PYP scintigraphy is a highly useful 
and less invasive method of detecting ATTR CA. We used 
visual grading and H/CL ratio to evaluate cardiac uptake in 
99mTc-PYP scintigraphy and proposed two new quantitative 
indices in this study.

The results in Fig. 5 and Table 6 show that,  SUVmax, 
 SUVpeak,  SUVmean, AmyDV, and TAU were as useful as 
the H/CL ratio. The most widely used method for distin-
guishing ATTR CA and AL CA by visual comparison 
of the ribs and myocardium in 99mTc-PYP scintigraphy 
was developed by Perugini et al. [3]. The H/CL method 
of semi-quantitative evaluation of the 99mTc-PYP uptake 
by heart uses the count ratio. Chao et al. found that with 
99mTc-PYP quantitative SPECT integrated with adjust-
able partial volume correction (PVC) factors, it is feasi-
ble to quantitatively and objectively assess the burden of 
cardiac amyloidosis for the diagnosis of ATTR CA. For 
quantitative SPECT, phantom studies were initially per-
formed to determine the image conversion factor (ICF) and 
PVC factor to recover 99mTc-PYP activity concentration 
in the myocardium and calculate the standardized uptake 
value (SUV). The  SUVmax was compared among groups 
of ATTR CA, AL CA, and so on and among categories of 
Perugini visual scores (grades 0–3) [22]. The GI-BONE 
was developed for bone SPECT and calculates SUV and 

a b

Fig. 4  ROC analysis for cardiac SUVmean and AmyDV. a ROC curve of cardiac SUVmean (blue line: M1, red line: M2). b ROC curve of 
AmyDV (blue line: M1, red line: M2)

Table 4  ROC analysis (value)

*p < 0.05 in comparison to non-ATTR 

Sensitivity [%] Specificity [%] Cut-off value AUC Accuracy [%]

Cardiac SUVmean
 M1 100 99.8 1.3 0.964 81.3
 M2 100 100 2.2 0.969 84.4

AmyDV
 M1 87.5 99.9 425 0.875 87.5
 M2 100 99.8 1 0.974 87.5
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uptake volume. In calculating  SUVmean and AmyDV, two 

methods were examined to evaluate significant uptake. In 
M1, when the maximum value is 100%, 40% or more is 
VOI; therefore, it is possible that the VOI contains the 
accumulation of the cardiac pool and the low uptake part. 
M1 was considered inappropriate because there was a sig-
nificant difference in the evaluation of uptake among indi-
viduals. In M2, the average  SUVmax of the ribs was used as 
the threshold value because the case of higher myocardial 
uptake than rib uptake in the visual evaluation was posi-
tive. Therefore, M2 was considered suitable for calculat-
ing  SUVmean, AmyDV, and TAU. The SUVs quantitatively 
evaluated the degree of 99mTc-PYP uptake, and AmyDV 
quantitatively evaluated the volume of amyloid deposition. 
Total amyloid uptake is a quantitative index with char-
acteristics of both SUV and AmyDV. H/CL is a simple 
and well-established parameter which uses planar images. 
AmyDV and TAU have the same ability as H/CL to dis-
tinguish between ATTR and non-ATTRs. However, they 
have an advantage over H/CL in that they can be evaluated 
as a 3D-based parameter. H/CL is the relative ratio of the 
heart-to-contralateral chest, whilst AmyDV and TAU are 
more quantitative and may be useful to monitor changes 
in amyloid deposition volume during disease progression 
or follow-up. Another advantage is that the ROI setting of 
H/CL is affected by the degree of rib inclusion, whereas 
the new indices we propose are not affected by this factor.

Every institution can assess this method with reference to 
the original BCF of the gamma camera and with the intro-
duction of analytical software. This study had some limita-
tions. Being a single center study, the patient population 
was limited. A multicenter study with a larger population is 
necessary to confirm the utility of the new TAU index with 
GI-BONE in reference to the original BCF of each institu-
tion. The calibration of gamma camera systems is also nec-
essary to normalize and standardize the method.

Conclusion

AmyDV and TAU showed diagnostic abilities to distinguish 
ATTR from non-ATTRs that were nearly identical to that 
of H/CL. Therefore, AmyDV and TAU are novel 3D-based 
parameters of ATTR deposition that can be used to assess 
the severity of the disease and monitor its progression.

Table 5  Range and mean ± standard deviation of each quantitative 
index

*p< 0.05 in comparison to non-ATTR 

Quantitative index ATTR (n = 8) non-ATTR (n = 24)

H/CL ratio Range 1.64–1.98 0.82–1.64
Mean ± SD 1.82 ± 0.11* 1.17 ± 0.15

SUVmax Range 2.3–4.5 1.3–4.0
Mean ± SD 3.4 ± 0.8* 2.0 ± 0.5

SUVpeak Range 2.1–4.2 1.3–3.5
Mean ± SD 3.1 ± 0.7* 1.9 ± 0.5

SUVmean
 M1 Range 1.3–2.5 0.8–1.9

Mean ± SD 1.9 ± 0.5* 1.1 ± 0.2
 M2 Range 2.2–2.8 0.0–2.3

Mean ± SD 2.4 ± 0.2* 0.7 ± 1.0
AmyDV
 M1 Range 185–976 35–556

Mean ± SD 543 ± 214* 271 ± 123
 M2 Range 1–477 0–40

Mean ± SD 185 ± 169* 2 ± 8
TAU Range 1–1323 0–94

Mean ± SD 488 ± 468* 5 ± 19

Fig. 5  ROC curve analysis for quantitative index
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