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BACKGROUND: The extent of myocardial bone tracer uptake with technetium pyrophosphate, hydroxymethylene diphosphonate, 
and 3,3-diphosphono-1,2-propanodicarboxylate in transthyretin amyloid cardiomyopathy (ATTR-CM) might reflect cardiac 
amyloid burden and be associated with outcome.

METHODS: Consecutive patients with ATTR-CM who underwent diagnostic bone tracer scintigraphy with acquisition 
of whole-body planar and cardiac single-photon emission computed tomography (SPECT) images from the National 
Amyloidosis Centre and 4 Italian centers were included. Cardiac uptake was defined according to the Perugini 
classification: 0=absent cardiac uptake; 1=mild uptake less than bone; 2=moderate uptake equal to bone; and 3=high 
uptake greater than bone. Extent of right ventricular (RV) uptake was defined as focal (basal segment of the RV free 
wall only) or diffuse (extending beyond basal segment) on the basis of SPECT imaging. The primary outcome was all-
cause mortality.

RESULTS: Among 1422 patients with ATTR-CM, RV uptake accompanying left ventricular uptake was identified by 
SPECT imaging in 100% of cases at diagnosis. Median follow-up in the whole cohort was 34 months (interquartile 
range, 21 to 50 months), and 494 patients died. By Kaplan-Meier analysis, diffuse RV uptake on SPECT imaging 
(n=936) was associated with higher all-cause mortality compared with focal (n=486) RV uptake (77.9% versus 
22.1%; P<0.001), whereas Perugini grade was not associated with survival (P=0.27 in grade 2 versus grade 3). On 
multivariable analysis, after adjustment for age at diagnosis (hazard ratio [HR], 1.03 [95% CI, 1.02–1.04]; P<0.001), 
presence of the p.(V142I) TTR variant (HR, 1.42 [95% CI, 1.20–1.81]; P=0.004), National Amyloidosis Centre stage 
(each category, P<0.001), stroke volume index (HR, 0.99 [95% CI, 0.97–0.99]; P=0.043), E/e’ (HR, 1.02 [95% CI, 
1.007–1.03]; P=0.004), right atrial area index (HR, 1.05 [95% CI, 1.02–1.08]; P=0.001), and left ventricular global 
longitudinal strain (HR, 1.06 [95% CI, 1.03–1.09]; P<0.001), diffuse RV uptake on SPECT imaging (HR, 1.60 [95% 
CI, 1.26–2.04]; P<0.001) remained an independent predictor of all-cause mortality. The prognostic value of diffuse RV 
uptake was maintained across each National Amyloidosis Centre stage and in both wild-type and hereditary ATTR-CM 
(P<0.001 and P=0.02, respectively).
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CONCLUSIONS: Diffuse RV uptake of bone tracer on SPECT imaging is associated with poor outcomes in patients with ATTR-
CM and is an independent prognostic marker at diagnosis.

Key Words: cardiomyopathies ◼ heart ventricles ◼ tomography, emission-computed, single-photon

Editorial, see p XXX

Transthyretin amyloid (ATTR) cardiomyopathy 
(ATTR-CM) is a prevalent and emerging cause of 
heart failure and can lead to death.1,2 Although his-

tological evidence of amyloid deposition remains the gold 
standard diagnostic technique, the validation of cardiac 
scintigraphy with bone tracers coupled with biochemi-
cal assays for nonbiopsy confirmation of ATTR-CM has 
revolutionized the ability to diagnose this condition.3,4 In 
patients with an echocardiogram that suggests amyloid 
who do not have biochemical evidence of a monoclonal 
gammopathy, the presence of high-grade myocardial 
uptake (ie, Perugini grade 2 or 3) identifies ATTR-CM 

with high accuracy.5–8 Tracer retention in the heart is 
thought to be most prominent in the thickened left ven-
tricle (LV), as suggested by recent reports.9–11 Recently, 
the use of single-photon emission computed tomography 
(SPECT) imaging8,12 has enabled a better understanding 
of bone tracer localization, including visualization of right 
ventricular (RV) uptake.

Despite the excellent diagnostic performance of bone 
scintigraphy, the prognostic impact of the Perugini grade 
has been evaluated in a few studies with conflicting 
results.13–18 We undertook a multicenter study in which 
we characterized the extent of RV uptake accompany-
ing LV uptake on SPECT imaging among patients with 
ATTR-CM at diagnosis to establish whether it was asso-
ciated with clinical outcomes.

METHODS
This was a multicenter, retrospective study performed at the 
UK National Amyloidosis Centre (NAC; London, UK) and in 4 
Italian referral centers for cardiac amyloidosis (Trieste [Cattinara 
Hospital], Genoa [San Martino Hospital], Bologna [Sant’Orsola 
Hospital], and Florence [Careggi Hospital]). The NAC acted 
as coordinating center for the study. Local institutional review 
board approval for the study was obtained in each of the par-
ticipating centers. The study was conducted according to the 
Declaration of Helsinki, and informed consent was obtained 
under the institutional review board policies of the relevant 

Clinical Perspective

What Is New?
• Amyloid deposition in transthyretin amyloid cardio-

myopathy (ATTR-CM) is widespread, with 100% of 
patients demonstrating biventricular uptake of bone 
tracers on single-photon emission tomography 
(SPECT) imaging, which cannot be reliably deter-
mined on planar imaging.

• Patients with ATTR-CM and diffuse, as opposed to 
focal, right ventricular uptake on SPECT have more 
advanced cardiac disease, evidenced by laboratory 
and echocardiographic parameters consistent with 
a higher amyloid burden.

• The extent of right ventricular uptake of bone trac-
ers on SPECT imaging is independently associated 
with survival across all forms of ATTR-CM regard-
less of genotype (ie, wild-type or variant ATTR) or 
National Amyloidosis Centre stage.

What Are the Clinical Implications?
• Diffuse right ventricular uptake on SPECT imaging 

has the ability to identify patients with ATTR-CM at 
higher risk of mortality and is a novel independent 
prognostic marker.

• Cardiac scintigraphy with bone tracers with 
acquisition of planar and SPECT images has an 
established diagnostic value in ATTR-CM, but its 
prognostic role has been controversial. The findings 
of this study demonstrate a novel prognostic role of 
cardiac scintigraphy and provide a further reason 
to perform SPECT along with planar imaging to 
assess the presence and extent of right ventricular 
uptake.

Nonstandard Abbreviations and Acronyms

ATTR  transthyretin amyloid 
ATTR-CM  transthyretin amyloid cardiomyopathy
ATTRv-CM   variant transthyretin amyloid 

cardiomyopathy
HR  hazard ratio 
IQR  interquartile range 
LV  left ventricular 
NAC  National Amyloidosis Centre
NT-proBNP   N-terminal pro-B-type natriuretic 

peptide
RV  right ventricular
SPECT   single-photon emission computed 

tomography
TTR  transthyretin 
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hospital administrations. The data underlying this article cannot 
be shared publicly because of the privacy of individuals who 
participated in the study. The data will be shared on reasonable 
request to the corresponding author.

Study Population
Consecutive patients with ATTR-CM who underwent bone 
tracer scintigraphy with acquisition of both planar and SPECT 
images between January 1, 2015, and June 30, 2020, at par-
ticipating centers were included in the study population. The 
diagnosis of ATTR-CM was established on the basis of heart 
failure symptoms together with a characteristic echocardio-
gram for amyloidosis or cardiac magnetic resonance imaging 
assessment, along with one of the following: (1) direct endo-
myocardial biopsy proof of ATTR amyloid, (2) presence of ATTR 
amyloid in an extracardiac biopsy along with diffuse cardiac 
uptake on nuclear scintigraphy, or (3) Perugini grade 2 or 3 
myocardial uptake on cardiac scintigraphy in the absence of 
biochemical evidence of a monoclonal gammopathy. The date 
of bone tracer scintigraphy was defined as the date of diag-
nosis. Patients with light-chain amyloidosis were excluded. 
All patients underwent sequencing of the transthyretin (TTR) 
gene.19 The NAC ATTR staging system (from stage I–III) was 
defined on the basis of NT-proBNP (N-terminal pro-B-type 
natriuretic peptide; 3000 ng/L) and estimated glomerular fil-
tration rate (45 mL∙min−1∙1.73 m−2), as previously published.19

Echocardiography
Echocardiographic images stored on the electronic data-
bases of the participating hospitals were systematically cen-
trally reviewed in all study patients (Supplemental Material). 
All echocardiographic parameters were measured accord-
ing to standard international definitions.20 The presence and 
severity of valve disease were defined according to current 
recommendations.21

Nuclear Medicine
Characteristics of nuclear cameras, protocols for scan acqui-
sition, and timing of image acquisition after bisphospho-
nate administration adopted in each participating center are 
shown in Table S1. Cardiac scintigraphy was performed with 
different bone tracers according to center local practice, 
namely 99mTc-pyrophosphate, 99mTc-3,3-diphosphono-1,2- 
propanodicarboxylic acid, and 99mTc-hydroxymethylene diphos-
phonate. Cardiac scintigraphy scans with both planar and 
SPECT images were centrally analyzed for this study (D.H., 
F.D., F.G., R.B., A.M., and M.B.). A modified Perugini grade was 
obtained on planar images as previously described.7,22 Planar 
biventricular uptake was defined in presence of LV and RV 
uptake on planar images. In detail, RV uptake on planar images 
using the frontal plane was defined in presence of (1) bone 
tracer retention near or below the right lower sternal border, 
resembling the position of the RV in the chest, or (2) radiotracer 
accumulation extending beyond the LV with visualization of the 
RV contour. LV and RV uptake was evaluated from SPECT 
images and defined as present or absent. The extent of LV and 
RV uptake was classified as focal, defined as uptake limited 
to the basal segment of the ventricular free wall, and diffuse, 
defined as uptake extending beyond the basal segment of the 

ventricular free wall (Figure 1). Image analysis was indepen-
dently performed by 6 operators (3 with >10 years of expertise 
in nuclear medicine) blinded to all patient data.

Study Outcomes
The primary outcome of the study was all-cause mortality. 
The censor date was June 30, 2022. All mortality data were 
obtained from the central National Health Service patient care 
records for the UK cohort and from the dedicated electronic 
databases of participating centers or telephone contact with 
general practitioners, patients, or relatives for the Italian cohort. 
Follow-up was restricted to ≤60 months, after which patients 
were censored because the majority of events had occurred 
during the first 60 months, and a low number of patients were 
at risk after 60 months. To control for the impact of disease-
modifying therapy on survival, patients were censored on the 
start date of beginning TTR stabilizers, gene silencers, or enroll-
ment in a therapeutic clinical trial.

TTR Gene Sequencing
All patients with ATTR-CM underwent sequencing of the TTR 
gene. DNA was extracted from whole blood and amplified by 
polymerase chain reaction assay, and the whole coding region 
of the TTR gene was sequenced as previously described.23

Figure 1. Extent of RV retention leading to biventricular 
uptake of bone tracers on planar and SPECT scintigraphy in 
transthyretin amyloid cardiomyopathy.
Top, Whole-body scans, anterior view. Bottom, Cross-sectional views 
of cardiac single-photon emission computed tomography (SPECT) 
in the same patients. Left, Focal right ventricular (RV) uptake: 
absent planar RV uptake but focal uptake in the basal RV free wall 
on SPECT. Right, Diffuse RV uptake: planar left ventricular and RV 
uptake with diffuse uptake in the RV free wall on SPECT.
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Statistical Analysis
Descriptive statistics between the study groups were performed. 
Continuous variables were expressed as median with interquar-
tile range (IQR; 25th, 75th percentile) because data were not 
normally distributed according to the results of the Kolmogorov-
Smirnov test. Categorical variables were expressed as absolute 
numbers and percentages. Differences between groups were 
evaluated with the Mann-Whitney test for continuous variables, 
whereas the χ2 or Fisher exact test was used for dichotomous 
variables. The Cronbach α was calculated to assess interopera-
tor variability regarding the evaluation of biventricular uptake 
among operators. Survival was evaluated with Cox proportional 
hazard regression analysis, providing estimated hazard ratios 
(HRs) with 95% CIs, and Kaplan-Meier curves were compared 
with the log-rank test. The proportional hazards assumption 
was checked and confirmed. The primary survival analysis was 
performed with a multivariable Cox proportional hazards regres-
sion adjusting for covariates that were selected a priori on the 
basis of their clinical relevance according to previously estab-
lished independent prognostic value in ATTR-CM, coupled with 
absence of collinearity among the remaining variables asso-
ciated with survival at univariable analysis.19,21 Possible collin-
earity among candidate predictors was assessed with variance 
inflation factors with a threshold of 5. The final list of candi-
date predictors included age, p.(V142I) TTR variant, diabetes, 
NAC ATTR stage, stroke volume index, E/e’, right atrial area 
index, LV global longitudinal strain, Perugini grade, and diffuse 
RV uptake. We defined a value of P<0.05 as statistically sig-
nificant. All statistical analyses were performed with IBM SPSS 
Statistics 24.0 package (New York, NY) statistical software ver-
sion 20 and R (R Foundation for Statistical Computing, Vienna, 
Austria; https://r-project.org/).

RESULTS
Study Population
The study population consisted of 1422 patients, of 
whom 1298 (91%) were diagnosed at the UK NAC, and 
8 were diagnosed in Bologna. All 1306 patients from 
these 2 centers received hydroxymethylene diphospho-
nate and were imaged 3 hours after injection with the 
same imaging acquisition protocol. Eighty-nine patients 
(from Genoa and Florence) received 3,3- diphosphono-
1,2-propanodicarboxylate with image acquisition after 
150 minutes, and 27 patients (from Trieste) received 
technetium pyrophosphate with image acquisition at 60 
minutes. Baseline characteristics of the whole cohort are 
summarized in Table 1. In brief, 87.5% were male, me-
dian age at diagnosis was 78 years (IQR, 72–83 years), 
24.3% had variant ATTR-CM, and 48.8% had NAC stage 
II or greater. On echocardiography, median interventricu-
lar septum thickness was 17 mm (IQR, 15–18 mm), and 
median LVEF, tricuspid annular plane systolic excursion, 
and LV global longitudinal strain were 50% (IQR, 43%–
56%), 16 mm (IQR, 12–20), and −10.7 (IQR, −8.4 to 
−13.4), respectively.

Biventricular uptake on planar imaging was identi-
fied in 1217 patients (85%), and its presence corre-

lated with Perugini grade: 19.4% in Perugini grade 1, 
87.7% in Perugini grade 2, and 93.5% in Perugini grade 
3 (P<0.001). However, on SPECT imaging, all patients 
had LV and RV free wall uptake and were reclassified 
as having biventricular uptake (Figure 1). Compared with 
486 patients (34.2%) with focal RV uptake, those with 
diffuse RV uptake on SPECT imaging (n=936, 65.8%) 
were more frequently in NAC stage II or greater (54.3% 
versus 38%; P<0.001) and had higher NT-proBNP 
(3020 ng/dL versus 1960 ng/dL; P<0.001), higher 
interventricular septum thickness (17 mm versus 16 mm; 
P<0.001), lower LVEF (50% versus 53%; P<0.001), 
lower tricuspid annular plane systolic excursion (15 mm 
versus 17 mm; P<0.001), and lower LV global longitu-
dinal strain (−10.4% versus −11.8%; P<0.001). There 
was no association between extent of RV uptake and 
age (79 years versus 78 years; P=0.06), sex (88.4% 
versus 85.8% male; P=0.16), or genotype (24.4% ver-
sus 24.3%, variant ATTR-VM [ATTRv-CM]; P=0.97). In 
addition, there was no association between extent of RV 
uptake and the specific bone tracer or imaging center. Of 
note, on SPECT imaging, diffuse LV uptake was found in 
97.7% of cases (n=1390), and all patients with diffuse 
RV uptake were also found to have diffuse LV uptake 
(Supplemental Material).

Prognostic Impact of Extent of RV Uptake
During a median follow-up of 34 months (IQR, 21–50 
months), 494 patients died, 385 (77.9%) with diffuse 
RV uptake and 109 (22.1%) with focal RV uptake. By 
Kaplan-Meier analysis, diffuse RV uptake was associ-
ated with a greater risk of all-cause mortality (P<0.001; 
Figure 2), with a net separation of the survival curves at 
10 months from ATTR-CM diagnosis. However, Perugini 
grade was not associated with mortality (Perugini grade 
2 versus grade 3; P=0.27).

Variables associated with all-cause mortality on uni-
variable analysis are shown on the left side of Table 2. 
Multivariable analyses included a total of 1201 patients 
(84.5% of the study population). After adjustment for 
age at diagnosis (HR, 1.03; P<0.001), presence of 
the p.(V142I) TTR variant (HR, 1.42; P=0.004), NAC 
ATTR stage (P<0.001), stroke volume index (HR, 0.98; 
P=0.043), E/e’ (HR, 1.02; P=0.004), right atrial area 
index (HR, 1.05; P=0.001), and LV global longitudinal 
strain (HR, 1.06; P<0.001), diffuse RV uptake on SPECT 
imaging (HR, 1.60; P<0.001) remained an independent 
predictor of all-cause mortality (Table 2, right side). For 
all included variables in this analysis, the variable inflation 
factor was <3.5.

When stratified by genotype, diffuse RV uptake on 
SPECT was associated with higher risk of all-cause mor-
tality compared with focal RV uptake in both wild-type 
ATTR-CM (P<0.001) and ATTRv-CM (P=0.02; Supple-
mental Material), although the extent of RV uptake was 
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Table 1. Baseline Clinical, Electrocardiographic, and Echocardiographic Characteristics of the Study Population

 Available data Study population (n=1422) Focal RV uptake (n=486) Diffuse RV uptake (n=936) P value 

Age, y 1422 78 (72–83) 79 (71–83) 78 (73–83) 0.95

Male, n (%) 1422 1244 (87.5) 417 (85.8) 827 (88.4) 0.17

ATTRv-CM, n (%) 1422 346 (24.3) 118 (24.3) 228 (22.4) 0.97

p.(V142I) TTR, n (%) 1422 191 (13.4) 63 (13.0) 128 (13.7) 0.70

Ethnicity, n (%) 1422    0.60

  White  1188 (83.5) 397 (81.7) 791 (84.5)  

  Afro-Caribbean  218 (15.3) 83 (17.1) 135 (14.4)  

  Asian  11 (0.8) 4 (0.8) 7 (0.7)  

  Other  5 (0.4) 2 (0.4) 3 (0.3)  

Hypertension, n (%) 1309 496 (37.9) 196 (45.5) 300 (34.2) <0.001

Diabetes, n (%) 1422 204 (14.3) 69 (14.2) 135 (14.4) 0.90

Stroke/TIA, n (%) 1309 140 (10.7) 47 (10.9) 93 (10.6) 0.86

Atrial fibrillation, n (%) 1422 736 (51.8) 250 (51.4) 486 (51.9) 0.86

PPM, n (%) 1422 145 (10.2) 49 (10.1) 96 (10.3) 0.92

Laboratory values  

  eGFR, mL∙min−1∙1.73 m−2 1415 60 (48–74) 62 (50–75) 59 (47–74) 0.011

  NT-proBNP, ng/dL 1373 2728 (1357–5060) 1960 (937–3954) 3022 (1689–5465) <0.001

  NAC ATTR stage, n (%) 1372    <0.001

   I  704 (51.3) 289 (62.3) 415 (45.6)  

   II  485 (35.4) 123 (26.4) 362 (39.9)  

   III  183 (13.3) 52 (11.3) 131 (14.4)  

Echocardiography values  

  IVS, mm 1422 17 (15–18) 16 (14–17) 17 ( 16–19) <0.001

  PW, mm 1422 16 (15–18) 15 (13–17) 17 (16–18) <0.001

  RWT 1394 0.74 (0.62–0.86) 0.68 (0.56–0.81) 0.78 (0.66–0.90) <0.001

  LVM index, g/m2 992 169 (139–208) 159 (129–196) 174 (144–214) <0.001

  LVEF, % 1422 50 (43–56) 53 (45–60) 50 (42–55) <0.001

  LVEF <50%, n (%) 1422 641 (45.6) 187 (39.1) 454 (48.9) <0.001

  SV index, mL/m2 1373 20.9 (16.4−25.9) 22.6 (17.2−28.5) 20.5 (16.1−25.8) 0.010

  LV-GLS, % 1256 −10.7 (−13.4 to −8.4) −11.9 (−15.0 to −9.4) −10.4 (−12.8 to −8.2) <0.001

  LAA index, cm2/m2 1266 13.2 (11.3–15.4) 12.6 (10.8−15.3) 13.4 (11.6−15.4) 0.001

  RAA index, cm2/m2 1266 12.2 (10.1−14.7) 11.8 (9.2−14.1) 12.6 (10.1−14.5) 0.019

  E/e’ 1362 15 (12−20) 14 (11−18) 15.5 (12−20) <0.001

  TAPSE, mm 1319 16 (12−19) 17 (13−20) 15 (12−19) <0.001

  S’ RV 1088 10 (8−12) 11 (9−13) 10 (8−12) <0.001

  sPAP, mm Hg 885 37 (26−46) 37 (25−47) 37 (27−45) 0.74

Cardiac scintigraphy, n (%)  

  Perugini grade 1422    <0.001

   1  62 (4.4) 60 (12.3) 2 (0.2)  

   2  1133 (79.6) 381 (78.4) 752 (80.3)  

   3  227 (16) 45 (9.3) 182 (19.4)  

ATTR indicates transthyretin amyloid; ATTRv-CM, variant transthyretin amyloid cardiomyopathy; eGFR, estimated glomerular filtration rate; IVS, interventricu-
lar septum; LAA, left atrial area; LV-GLS, left ventricular global longitudinal strain; LVEF, left ventricular ejection fraction; LVM, left ventricular mass; MR, mitral 
regurgitation; NAC, National Amyloidosis Centre; NT-proBNP, N-terminal pro-B-type natriuretic peptide; p.(V142I), valine-to-isoleucine substitution at position 
142; PPM, permanent pacemaker; PW, posterior wall; RAA, right atrial area; RV, right ventricle; RWT, relative wall thickness; sPAP, systolic pulmonary arterial 
pressure; SV, stroke volume; TAPSE, tricuspid annular plane systolic excursion; TIA, transient ischemic attack; TTR, transthyretin; and TR, tricuspid regurgitation.
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not predictive of survival among those with ATTRv-CM 
associated with the p.(V142I) TTR variant (P=0.11; Fig-
ure 3). The prognostic value of the extent of RV uptake 
was confirmed in each individual NAC stage (Figure 3).

These findings were further confirmed in a sensitivity 
analysis in the UK cohort (Supplemental Material).

Intercenter Variability
There was good reliability between the centers in the 
 assessment of Perugini classification (P=0.88), poor re-
liability for the assessment of RV uptake on planar imag-
ing (P=0.61), and excellent reliability for the assessment 
of RV uptake on SPECT imaging (P=0.99; Table S2).

DISCUSSION
This study of >1400 consecutive patients with ATTR-CM 
who underwent bone tracer scintigraphy with both planar 
and SPECT imaging is the first to evaluate the preva-

lence and to demonstrate the prognostic significance of 
the extent of RV uptake. The main findings of the study 
are: (1) biventricular uptake is present in 100% patients 
in this study with ATTR-CM on SPECT imaging, which is 
not reliably determined on planar imaging; (2) interopera-
tor variability of SPECT images among expert readers 
was low; (3) among patients with ATTR-CM, those with 
diffuse RV uptake had more severe disease and higher 
all-cause mortality compared with patients who have fo-
cal RV uptake; and (4) from multivariable analysis, dif-
fuse RV uptake on SPECT imaging was independently 
associated with worse overall survival and emerged as 
a novel prognostic marker in ATTR-CM. These data 
have potential implications for clinical practice, possibly 
providing information for patient-tailored follow-up and 
decision-making (Figure 4).

In the present analysis, we report that the prevalence 
of RV free wall uptake leading to biventricular uptake on 
bone tracer scintigraphy is 100% by SPECT imaging in 
this cohort, and we highlight the poor performance of 

Figure 2. Kaplan-Meier survival curves stratified by (top) presence of focal vs diffuse RV uptake on SPECT imaging, (bottom 
left) in Perugini grade 2, and (bottom right) in Perugini grade 3.
RV indicates right ventricular; and SPECT, single-photon emission computed tomography.
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planar imaging for evaluating RV uptake. These findings 
are not unexpected because of the diffuse nature of car-
diac amyloid deposition24,25 and the greater accuracy of 
SPECT compared with planar imaging.8,12 SPECT imag-
ing is recommended as part of routine acquisition proto-
cols for diagnosis of ATTR-CM by international nuclear 
medicine societies to localize bone tracer uptake in the 
myocardium and to discriminate false-positive results 
attributable to blood pool artifact.26 Our results provide 
another reason to perform SPECT after planar imaging, 
which is to assess the presence and extent of RV uptake. 
Although each bone tracer has a specific protocol of 

image acquisition, findings from this study demonstrate 
that SPECT imaging is likely robust in assessing RV 
uptake independently of the specific bone tracer used to 
image amyloid in the heart. In our cohort, despite a simi-
lar age at diagnosis, patients with ATTR-CM with diffuse 
RV uptake had clinical, echocardiographic, and labora-
tory parameters consistent with a higher amyloid burden 
compared with those with focal RV uptake, including 
higher NAC stage, increased interventricular septum 
thickness, relative wall thickness and cardiac mass, and 
lower indexes of LV and RV systolic function. Therefore, 
we hypothesize that the incremental prognostic value 

Table 2. Univariable and Multivariable Cox Regression Model for All-Cause Mortality

Variables Missing data 

Univariable model Multivariable model*

HR (95% CI) P value Variables HR (95% CI) P value 

Age 0 1.04 (1.02–1.05) <0.001 Age 1.03 (1.02–1.04) 0.001

Male sex 0 1.06 (0.80–1.40) 0.66    

ATTRv-CM 0 1.12 (0.91–1.37) 0.27    

p.(V142I) TTR 0 1.46 (1.16–1.84) 0.001 p.(V142I) TTR 1.42 (1.20–1.81) 0.004

Diabetes 0 1.32 (1.05–1.66) 0.019 Diabetes 1.17 (0.92–1.50) 0.20

Hypertension 113 0.98 (0.81–1.18) 0.86    

Atrial fibrillation 0 1.16 (0.98–1.39) 0.09    

Stroke/TIA 113 0.93 (0.69–1.25) 0.63    

Pacemaker 0 1.01 (0.83–1.45) 0.51    

eGFR 7 0.97 (0.97–0.98) <0.001    

NT-proBNP per each 400 ng/L 49 1.03 (1.03–1.04) <0.001    

NAC ATTR Stage 50 Reference <0.001 NAC ATTR stage Reference <0.001

  II  2.56 (2.09–3.14) <0.001   II 1.71 (1.35–2.16) <0.001

  III  3.34 (2.69–4.43) <0.001   III 2.10 (1.58–2.80) <0.001

IVS 0 1.11 (1.07–1.15) <0.001    

RWT 28 3.91 (2.45 –6.24) <0.001    

LVM index 430 0.99 (0.99–1.01) 0.14    

LVEF, per 1% 0 0.96 (0.96–0.98) <0.001    

LVEF <50% 0 1.95 (1.63–2.34) <0.001    

SV index 49 0.96 (0.95–0.97) <0.001 SV index 0.99 (0.97–0.99) 0.043

E/e’ 60 1.02 (1.01–1.03) <0.001 E/e’ 1.02 (1.007–1.03) 0.004

LAA index 156 1.08 (1.05–1.10) <0.001    

RAA index 156 1.08 (1.06–1.11) <0.001 RAA index 1.05 (1.02–1.08) 0.001

TAPSE 103 0.94 (0.92–0.95) <0.001    

LV-GLS 166 1.13 (1.10–1.16) <0.001 LV-GLS 1.06 (1.03–1.09) <0.001

Perugini grade 0 Reference 0.009 Perugini grade Reference 0.57

  2  2.70 (1.40-5.623) 0.003   2 1.31 (0.57-3.02) 0.52

  3  2.95 (1.48-5.89) 0.002   3 1.15 (0.48–2.78) 0.75

Diffuse RV uptake 0 2.03 (1.64–2.51) <0.001 Diffuse RV uptake 1.60 (1.26–2.04) <0.001

ATTR indicates transthyretin amyloidosis; ATTRv-CM, variant transthyretin amyloid cardiomyopathy; eGFR, estimated glomerular filtration 
rate; HR, hazard ratio; IVS, interventricular septum; LAA, left atrial area; LV-GLS, left ventricular global longitudinal strain; LVEF, left ventricular 
ejection fraction; LVM, left ventricular mass; MR, mitral regurgitation; NAC, National Amyloidosis Centre; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; p.(V142I), valine-to-isoleucine substitution at position 142; PPM, permanent pacemaker; PW, posterior wall; RAA, right 
atrial area; RV, right ventricular; RWT, relative wall thickness; sPAP; systolic pulmonary arterial pressure; SV, stroke volume; TAPSE. tricuspid 
annular plane systolic excursion; TIA, transient ischemic attack; TTR. transthyretin; and TR, tricuspid regurgitation.

*A total of 1201 patients (84.5% of the study population) were included in the multivariable model.
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of diffuse RV uptake on SPECT might simply reflect a 
greater amyloid burden.

The key finding of this study is that diffuse RV 
uptake of bone tracer at SPECT imaging is associated 

with worse outcomes in ATTR-CM. Although myocar-
dial uptake at planar imaging (measured as Perugini 
visual score, ratio of heart to contralateral, or ratio of 
heart to whole body) has established and unequivocal 

Figure 3. Kaplan-Meier survival curves stratified according to (left) genotype (ATTRwt vs ATTRv-CM) and (right) NAC stage.
The table shows the absolute numbers of patients at risk at different follow-up times. ATTRv-CM indicates variant transthyretin amyloid 
cardiomyopathy; ATTRwt-CM, wild-type transthyretin amyloid cardiomyopathy; NAC, National Amyloidosis Centre; RV, right ventricular; and V122I 
ATTRv-CM, variant transthyretin amyloid cardiomyopathy associated with the valine-to-isoleucine substitution. 
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 diagnostic value,27 its prognostic role remains contro-
versial.13–18 Different protocols for image acquisition and 
characteristics of specific bone tracers28 may have influ-
enced results from previous studies.15,16,18 In the present 
cohort, patients with ATTR-CM with diffuse RV uptake 
at SPECT imaging had a higher risk of all-cause mortal-
ity independent of other known clinical and laboratory 
prognostic features. Consistent with the fact that the 
presence and extent of cardiac involvement determine 
prognosis in amyloidosis generally,4,29 more diffuse car-
diac involvement on imaging was associated with more 
severe heart failure and poorer outcomes. Indexes of RV 
function such as tricuspid annular plane systolic excur-
sion and longitudinal strain have been shown to portend 
a worse prognosis in cardiac amyloidosis,30,31 thus offer-

ing the rationale to hypothesize that other RV param-
eters such as extent of bone tracer retention in the RV 
free wall might play a role in outcome prediction. We 
provide new evidence that SPECT imaging has the abil-
ity to identify patients carrying an incremental risk not 
detected by Perugini grading. In line with previous stud-
ies, Perugini grade was not associated with all-cause 
mortality in our analysis. The addition of extent of RV 
uptake along with the Perugini grade allowed reclassi-
fication of the risk of death. Among patients with Peru-
gini grades 2 and 3, focal RV uptake on SPECT was 
associated with a more favorable outcome compared 
with diffuse RV uptake (Figure 2). In addition, diffuse 
RV uptake maintained its prognostic value across each 
NAC stage (Figure 3), supporting the hypothesis that 

Figure 4. Proposal of a flowchart for prognostic stratification of patients with ATTR-CM according to the extent of right 
ventricular uptake on SPECT imaging.
ATTR-CM indicates transthyretin amyloid cardiomyopathy; IT, Italy; LV, left ventricular; NAC, National Amyloidosis Centre; SPECT, single-photon 
emission computed tomography; 99mTc-DPD, 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid; 99mTc-HMDP, 99mTc-hydroxymethylene 
diphosphonate; 99mTc-PYP, 99mTc-pyrophosphate; V122I, valine-to-isoleucine substitution; and WT, wild-type.
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this parameter might  provide incremental value for risk 
stratification in patients with ATTR-CM on top of well-
known clinical and laboratory parameters.32

The extent of RV uptake was not associated with 
poorer survival in hereditary ATTR-CM associated with the 
p.(V142I) TTR variant; this may simply be a reflection of 
sample size or may indicate that other factors might drive 
patient outcomes in this specific population. It is inter-
esting that in the study cohort, the presence of diffuse 
RV uptake in wild-type ATTR-CM identified a group of 
patients with a natural history approaching that of V122I-
associated ATTRv-CM as a whole. Over recent years, it 
has become apparent that V122I-associated ATTRv-CM 
represents a particularly severe form of cardiac ATTR 
amyloidosis with poorer outcomes compared with other 
genotypic variants, including wild-type ATTR-CM.19,33–35

The present data need to be interpreted within the 
limitations of the study. This retrospective study was con-
ducted in referral centers for the diagnosis and manage-
ment of ATTR-CM. Cardiac scintigraphy was performed 
with different cameras and bone tracers (all validated for 
diagnostic purposes) according to center local protocols. 
However, the evaluation of scintigraphy images was per-
formed by experts in nuclear medicine and CA, the pres-
ence and extent of RV uptake was assessed by SPECT 
images in all cases, and interoperator variability for evalu-
ation of scintigraphy images was low. Quantification of 
bone tracer uptake in the heart was not performed in this 
analysis and is a promising approach to be investigated 
in future dedicated studies. Cardiac magnetic resonance 
imaging data and RV global longitudinal strain data were 
not available for this analysis. Last, the results presented 
are from specialized amyloidosis referral centers; further 
work is required to establish whether our findings are 
generalizable to the full spectrum of patients with ATTR-
CM, many of whom are diagnosed outside of specialist 
reference centers. Validation in large prospective future 
studies is warranted.

Conclusions
Amyloid deposition in ATTR-CM is likely widespread in 
both ventricles because 100% of the patients in the 
present study demonstrated RV uptake on SPECT im-
aging. Diffuse RV uptake was found in 66% of cases 
and was an independent predictor of mortality risk. These 
observations suggest that the extent of RV uptake on 
SPECT imaging might serve as a novel marker for prog-
nostic stratification in ATTR-CM.
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