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Quantitative 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid
([99mTc]Tc-DPD) SPECT may be used for risk-stratifying patients with
amyloid transthyretin–related cardiomyopathy (ATTR-CM). We aimed
to analyze the predictive value of quantitative [99mTc]Tc-DPD
SPECT/CT in suspected and confirmed ATTR-CM according to differ-
ent disease stages.Methods: The study enrolled consecutive patients
with suspected ATTR-CMwho were referred to a single tertiary center
and underwent quantitative [99mTc]Tc-DPD SPECT/CT allowing
SUVmax and SUVpeak analysis. Patients were divided into 2 groups
according to left ventricular ejection fraction (LVEF) at baseline (i.e.,
$50% and ,50%). Clinical, laboratory, and echocardiographic para-
meters and major adverse cardiac events (i.e., all-cause death, sus-
tained ventricular tachyarrhythmia, hospitalization for heart failure,
implantation of a cardioverter defibrillator) were investigated for any
correlation with quantitative uptake values. Results: In total, 144
patients with suspected ATTR-CM were included in the study (98 with
LVEF $ 50% and 46 with LVEF , 50%), of whom 99 were diagnosed
with ATTR-CM (68.8%; 69 with LVEF $ 50% and 30 with LVEF
, 50%). A myocardial SUVmax of at least 7 was predictive of major
adverse cardiac events at 21.9613.0mo of follow-up (hazard ratio,
2.875; 95% CI, 1.23–6.71; P 5 0.015) in patients with suspected or
confirmed ATTR-CM (global x2 5 6.892, P 5 0.02) and an LVEF of at
least 50%. SUVmax was not predictive in patients with an LVEF of less
than 50% and suspected or confirmed ATTR-CM. Conclusion: In
patients with suspected or confirmed ATTR-CM and preserved LVEF,
representing an early disease stage, quantitative [99mTc]Tc-DPD
SPECT should be considered to improve early-stage risk stratification.
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To diagnose amyloid transthyretin–related cardiomyopathy
(ATTR-CM), 99mTc-3,3-diphosphono-1,2-propanodicarboxylic

acid ([99mTc]Tc-DPD) scintigraphy and SPECT/CT have become
established noninvasive methods (1–3). Although the visual inter-
pretation according to Perugini score (4) is currently the clinical
diagnostic standard, this visual grading failed to show an associa-
tion with adverse clinical outcomes (5). However, the potential of
semiquantitative [99mTc]Tc-pyrophosphate SPECT/CT to predict
major adverse cardiac events (MACEs) has recently been described
(6,7). Quantitative data in these studies were based on ratios
between ventricular myocardial uptake and various structures of
the body rather than on SUV, and there is a need to define whether
SUV-based quantitative SPECT/CT can yield a robust prognostic
value in patients with suspected ATTR-CM. Recent studies suggest
that SUV may be proportional to the degree of active deposition of
amyloid fibrils rather than to the amyloid burden within the myo-
cardium (8–10). Hence, SUV may be hypothesized to be a prog-
nostic marker whose importance is higher if assessed in the early
stages of the disease, wherein a higher rate of amyloid fibril deposi-
tion could lead to a more rapid progression of ATTR-CM, poten-
tially associated with an adverse prognosis. The aim of the current
study was to evaluate the association of quantitative [99mTc]Tc-
DPD SPECT/CT at baseline with outcomes in ATTR-CM patients
with preserved and reduced left ventricular ejection fraction
(LVEF), representing patients at earlier and more progressive
disease stages, respectively.

MATERIALS AND METHODS

Patient Selection
In this retrospective study, we included all consecutive ATTR-CM

patients from the Bern Cardiac Amyloidosis Registry who had been
referred to the Department of Nuclear Medicine and the Department
of Cardiology at Bern University Hospital between October 2019 and
December 2022. All patients underwent [99mTc]Tc-DPD SPECT/CT
for suspected ATTR-CM. Clinical, laboratory, and echocardiographic
data were recorded both at the time of [99mTc]Tc-DPD SPECT/CT
(baseline) and during follow-up according to a prespecified schedule.
Patients were divided into 2 groups: a group with preserved left ventricu-
lar function (LVEF $ 50% as assessed by planar transthoracic echocar-
diography) and a group with impaired function (LVEF , 50%). The
design of the study was approved by the local ethics committee. The
study was registered with ClinicalTrials.gov (NCT04776824) and con-
ducted in accordance with the Declaration of Helsinki.
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[99mTc]Tc-DPD Scintigraphy
The imaging protocol has been published previously (2). In short,

674.19 6 10.25 MBq of [99mTc]Tc-DPD were injected intravenously.
Three hours after injection, whole-body planar imaging and subsequent
SPECT/CT of the thorax were performed on a hybrid SPECT/CT system
(Symbia Intevo; Siemens Medical Solutions AG). Images were recon-
structed to a 256 3 256 matrix with a dedicated iterative algorithm
(xSPECT/CT Quant; Siemens Medical Solutions AG), and low-dose CT
was performed for attenuation correction.

Two independent readers graded the images using the previously
validated visual score by Perugini et al. (4). Myocardial uptake on
SPECT/CT images (SUVmax and SUVpeak) was automatically calcu-
lated for each patient using commercial software (SyngoVia Package;
Siemens Medical Solutions AG) by generating an isocontour volume
of interest with a 40% threshold of peak activity around the myocar-
dial wall.

Follow-up
The following MACEs were considered for the time-to-first-event

analysis: all-cause death, hospitalization due to heart failure, sustained
ventricular tachyarrhythmia ($30 s), or the implantation of a cardio-
verter defibrillator. During follow-up, changes in transthyretin-
stabilizing therapy and heart failure medications were also recorded.

Statistical Analysis
Clinical, image-derived, and laboratory data were compared in the

whole cohort and in the subgroup of patients with confirmed ATTR-
CM between patients with preserved and impaired left ventricular
function by means of the Mann–Whitney U test for continuous vari-
ables and the Fisher exact test for nominal variables. The optimal
threshold for SUVmax to predict a MACE was assessed by means of
receiver-operating-characteristic curve analysis with calculation of the
Youden index. Cox regression analysis was used to correlate various
clinical and imaging-derived parameters with MACEs (i.e., body mass
index [BMI], N-terminal pro–B-type natriuretic peptide [NT-proBNP],
left ventricular end-diastolic diameter [LVEDD], Perugini score,
SUVmax and SUVpeak as a continuous variable, and SUVmax $ 7). If
no MACEs were present in a group, the incident rate ratios were eval-
uated by calculating global x2 by means of Poisson logistic regression.
All these parameters were tested in a univariate analysis; since only an
SUVmax of 7 or higher showed significance, no multivariate analysis
including nonsignificant variables was performed. The treatment with
tafamidis was not entered into the Cox regression analysis. The rate of
MACEs was evaluated by means of Kaplan–Meyer curves with the
log-rank test. To that end, the interval between baseline SPECT and
onset of the first MACE was considered. The analysis was performed
with SPSS (version 28.0.1.1; IBM) for Microsoft Windows. P values
of less than 0.05 were considered statistically significant.

RESULTS

Patient Population
In total, 144 patients underwent quantitative [99mTc]Tc-DPD

SPECT/CT for suspected ATTR-CM (mean age6 SD, 81.56 5.8 y;
127 men [88.2%]). Of these, 99 (68.8%) were diagnosed with
ATTR-CM on the basis of clinical, laboratory, and radiologic data.
The characteristics of the patient populations are summarized in
Table 1 (whole cohort with suspected ATTR-CM) and Table 2
(patients diagnosed with ATTR-CM).
All patients with a Perugini score of at least 2 had a final diag-

nosis of ATTR-CM (65 with score 2, 27 with score 3). Among
those with confirmed ATTR-CM, 7 had a Perugini score of 1. Of
these, 2 patients had confirmed ATTR-CM due to evidence of
increased extracellular volume (ECV) on subsequent cardiac MR

(CMR); 4 patients, due to evidence of increased [99mTc]Tc-DPD
uptake in the basal segments of the left ventriculum on SPECT
images; and 1 patient, due to an SUVmax that was higher than the
reference values reported in the literature (2).
Among patients diagnosed with ATTR-CM, 53 patients

(53.5%) were started on transthyretin-stabilizing therapy (i.e., tafa-
midis, 61mg administered once daily). In all patients with a Peru-
gini score of 0, and in 2 patients with a Perugini score of 1, the
diagnosis of ATTR-CM was rejected.
In the whole cohort (n 5 144), patients with preserved LVEF had

lower LVEDD and NT-proBNP levels than did subjects with
impaired LVEF. Furthermore, they had a higher BMI and were on
therapy more often with spironolactone and less often with sodium-
glucose cotransporter 2 inhibitors and b-blockers (Table 1).
Similarly, among patients with confirmed ATTR-CM (n 5 99),

patients with preserved LVEF had a lower LVEDD than did
patients with an LVEF of less than 50% but similar levels of
NT-proBNP. They had a higher BMI and were under therapy
more often with calcium channel antagonists and less often with
sodium-glucose cotransporter 2 inhibitors and b-blockers.
Patients with an LVEF of at least 50% had a higher SUVmax

and SUVpeak than did patients with an LVEF of less than 50%.

Follow-up
The median follow-up time was 21.96 13.0mo. A detailed

flowchart with the main grouping is displayed in Figure 1. Of all
patients, 98 presented with preserved LVEF (69 with ATTR-CM
and 29 without), whereas 46 had impaired LVEF (30 with ATTR-
CM and 16 without).
Considering the whole cohort, 44 MACEs occurred: 32 in

patients with an LVEF of at least 50% (32.7%) and 12 in those
with LVEF of less than 50% (26.1%, P 5 0.28). Specifically, hos-
pitalization for heart failure occurred in 17 patients with an LVEF
of at least 50% (17.3%) and in 7 patients with an LVEF of less
than 50% (15.2%, P 5 0.30); sustained ventricular tachyarrhyth-
mia occurred in 4 patients with an LVEF of at least 50% (4.1%)
and in 1 patient with an LVEF of less than 50% (2.2%, P 5 0.62);
a cardioverter defibrillator was implanted in 5 patients with an
LVEF of at least 50% (5.1%) and in 2 patients with an LVEF of
less than 50% (4.4%, P 5 0.57). Twenty-six patients eventually
died (either as the first event or after another MACE): 16 patients
with an LVEF of at least 50% (16.3%) and 10 patients with an
LVEF of less than 50% (21.7%, P 5 0.29).
In patients with ATTR-CM, 34 MACEs occurred: 25 in patients

with an LVEF of at least 50% (25.3%) and 9 in those with an
LVEF of less than 50% (9.1%, P 5 0.36). Specifically, hospitali-
zation for heart failure occurred in 16 patients with an LVEF of at
least 50% (23.2%) and in 7 patients with an LVEF of less than
50% (23.3%, P 5 0.28); sustained ventricular tachyarrhythmia
occurred in 4 patients with an LVEF of at least 50% (5.8%) and in
1 patients with an LVEF of less than 50% (3.3%, P 5 0.60); a car-
dioverter defibrillator was implanted in 4 patients with an LVEF
of at least 50% (5.8%) and in 2 patients with an LVEF of less than
50% (6.6%, P 5 0.51). Eighteen patients eventually died (either
as the first event or after another MACE): 11 patients with an
LVEF of at least 50% (15.9%) and 7 patients with an LVEF of
less than 50% (23.3%, P 5 0.27).
Summarizing, during follow-up, a total of 44 patients experi-

enced a MACE (34 among patients with ATTR-CM [77.3%] and
10 in patients without [22.7%]).
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Predictive Value of SPECT
At receiver-operating-characteristic curve analysis, an SUVmax

of 7 was the best threshold to predict a MACE in patients with pre-
served LVEF (sensitivity, 72%; specificity, 49%). In the whole
cohort, an SUVmax of at least 7 was the only parameter among the
abovementioned clinical and imaging-derived ones that was associ-
ated with MACEs, but the association was present only in patients
with an LVEF of at least 50% (hazard ratio, 2.875; P 5 0.015).
Conversely, SUVmax and SUVpeak as a continuous variable,

LVEDD, BMI, and NT-proBNP did not have an association with
MACEs (Table 3). When patients with confirmed ATTR-CM were
considered, an SUVmax of at least 7 was again associated with
MACEs only in patients with an LVEF of at least 50% (x2 5
6.892, P 5 0.009). SUVmax and SUVpeak as a continuous variable,
LVEDD, BMI, and NT-proBNP did not predict MACEs (Table 4).
At Kaplan–Meyer analysis, an SUVmax of at least 7 identified

among patients with an LVEF of at least 50% those at a shorter
MACE-free survival, both in the whole cohort (P 5 0.01, Fig. 2A)

TABLE 1
Clinical Characteristics of Whole Patient Sample

Characteristic

All patients with
suspected ATTR-CM

(n 5 144)

Patients with
preserved

LVEF ($50%, n 5 98)

Patients with
impaired LVEF
(,50%, n 5 46) P

Clinical parameters

BMI (kg/m2) 26.46 4.8 26.76 4.4 25.16 5.4 0.01*

NYHA functional class $ III 38 (26.4%) 24 (24.5%) 14 (30.4%) 0.29

Age (y) 81.56 5.8 80.26 8.2 79.76 7.5 0.39

Male sex 127 (88.2%) 87 (88.8%) 40 (86.7%) 0.34

Laboratory parameters

T-troponin (ng/L) 42 (37) 51.86 39.5 60.06 44.9 0.18

Median nT-proBNP (pg/mL) 2,294 (IQR, 3,368) 1,540.0 (IQR, 3,193.0) 2,925.0 (IQR, 2,452.0) 0.01*

Median creatinine-phosphokinase (IU/L) 88 (IQR, 73) 88.0 (IQR, 80.0) 104.4 (IQR, 67.0) 0.68

Echocardiographic parameters

LVEDD (mm) 45.86 7.0 44.76 6.9 48.76 6.3 0.01*

LVEF (%) 53.36 10.8 58.86 5.9 39.36 7.2 ,0.001*

Maximum wall thickness (mm) 15.96 4.6 15.66 3.1 16.56 7.1 0.51

Left ventricular mass index (g/m2) 138.136 52.6 131.16 41.0 156.96 71.8 0.09

Scintigraphy

Perugini score 0 43 (29.9%) 29 (29.6%) 14 (30.4%) 0.43

Perugini score 1 9 (6.3%) 6 (6.1%) 3 (6.5%) 0.60

Perugini score 2 65 (45.1%) 48 (49.0%) 17 (37.0%) 0.18

Perugini score 3 27 (18.8%) 16 (16.3%) 11 (23.9%) 0.19

SUVmax 9.36 6.7 9.96 7.0 7.96 5.9 0.18

SUVpeak 8.76 6.3 9.26 6.6 7.36 5.5 0.17

Therapy

Ace inhibitors 36 (25.0%) 28 (28.6%) 8 (17.4%) 0.28

Angiotensin-II inhibitors 49 (34.0%) 36 (36.7%) 13 (28.3%) 0.51

Sacubitril/valsartan 3 (2.1%) 1 (1.0%) 2 (4.3%) 0.18

b-blockers 63 (43.8%) 36 (36.7%) 27 (58.7%) ,0.001*

Spironolactone 21 (14.6%) 11 (11.2%) 10 (2.2%) 0.03*

SGLT-2 inhibitors 19 (13.2%) 8 (8.2%) 11 (23.9%) 0.003*

Diuretics 86 (39.7%) 60 (61.2%) 26 (56.5%) 0.22

Calcium channels antagonists 32 (22.2%) 28 (28.6%) 4 (8.6%) 0.02*

Amiodaron 8 (5.6%) 5 (5.1%) 3 (6.5%) 0.38

Tafamidis 53 (36.8%) 38 (38.8%) 15 (32.6%) 0.30

*Statistically significant.
NYHA 5 New York Heart Association.
Qualitative data are number and percentage; continuous data are mean 6 SD unless otherwise indicated. Therapies other than

transthyretin stabilizer were recorded at baseline; therapy with tafamidis (if any) was started after final diagnosis was reached.
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and in those with confirmed ATTR-CM (P 5 0.02, Fig. 3A). The
same held true after subdividing the latter on the basis of
transthyretin-stabilizing therapy (n 5 46, P 5 0.01, Supplemental
Fig. 1; supplemental materials are available at http://jnm.
snmjournals.org).
Conversely, also at Kaplan–Meyer analysis, an SUVmax of at least

7 failed to predict MACE-free survival in patients with an LVEF of
less than 50%, either in the whole cohort (P 5 0.27, Fig. 2B) or in
the those with confirmed ATTR-CM (P5 0.19, Fig. 3B).

A tertile analysis based on SUVmax in patients with ATTR-CM
(first tertile, ,9.76; second tertile, $9.76% and ,15.95; third ter-
tile, $15.95) showed a clear tendency toward worse outcomes for
patients with higher SUVmax if LVEF was at least 50% (P 5
0.06), whereas no differences were shown in patients with an
LVEF of less than 50% (P 5 0.46, Supplemental Fig. 2). After
patients with a Perugini score of 1 were excluded, an SUVmax of
at least 7 was still predictive of a worse outcome in patients
with an LVEF of at least 50%, both in the whole population

TABLE 2
Clinical Characteristics of Patients with Confirmed ATTR-CM

Characteristic

Patients with
confirmed ATTR-CM

(n 5 99)

Patients with
preserved LVEF
($50%, n 5 69)

Patients with
impaired LVEF
(,50%, n 5 30) P

Clinical parameters

BMI (kg/m2) 26.164.6 26.364.0 25.765.8 0.04*

NYHA functional class $ III 27 (27.3%) 17 (24.6%) 10 (33.3%) 0.26

Age (y) 81.565.9 81.565.8 81.466.3 0.74

Male sex 91 (91.9%) 64 (92.8%) 27 (90.0%) 0.29

Laboratory parameters

T-troponin (ng/L) 57.8641.9 54.2639.7 67.0646.9 0.08

Median nT-proBNP (pg/mL) 2533.0 (IQR, 3301.0) 1564.0 (IQR, 3230.0) 2914.2 (IQR, 2364.0) 0.09

Median creatinine-phosphokinase
(IU/L)

88.0 (IQR, 75.0) 88.0 (IQR, 89.0) 86.5 (IQR, 61.0) 0.43

Echocardiographic parameters

LVEDD (mm) 45.267.1 43.866.8 48.966.7 0.02*

LVEF (%) 53.4610.2 58.566.0 40.165.6 ,0.001*

Maximum wall thickness (mm) 16.163.1 16.263.1 16.063.0 0.73

Left ventricular mass index (g/m2) 139.1641.9 133.0642.3 154.9637.2 0.05

Scintigraphy

Perugini score 0 0 (0%) 0 (0%) 0 (0%) —

Perugini score 1 7 (7.1%) 5 (7.2%) 2 (6.7%) 0.64

Perugini score 2 65 (65.7%) 48 (69.6%) 17 (56.7%) 0.16

Perugini score 3 27 (27.3%) 16 (23.2%) 11 (36.6%) 0.13

SUVmax 12.665.7 13.365.4 10.864.8 0.04*

SUVpeak 11.865.0 12.565.1 10.164.5 0.03*

Therapy

Ace inhibitors 26 (26.3%) 21 (30.4%) 5 (16.7%) 0.16

Angiotensin-II inhibitors 34 (34.3%) 23 (33.3%) 11 (36.7%) 0.37

Sacubitril/valsartan 2 (2.2%) 1 (1.4%) 1 (3.3%) 0.50

b-blockers 43 (43.4%) 24 (34.8%) 19 (63.3%) 0.003*

Spironolactone 18 (18.2%) 11 (15.9%) 7 (23.3%) 0.22

SGLT-2 inhibitors 15 (15.2%) 7 (10.1%) 8 (26.7%) 0.03*

Diuretics 67 (67.7%) 47 (68.1%) 20 (66.7%) 0.47

Calcium channels antagonists 23 (23.2%) 20 (29.0%) 3 (10.0%) 0.04*

Amiodaron 5 (5.5%) 4 (5.8%) 1 (3.3%) 0.55

Tafamidis 53 (53.5%) 38 (55.1%) 15 (50.0%) 0.40

*Statistically significant.
NYHA 5 New York Heart Association.
Qualitative data are number and percentage; continuous data are mean 6 SD unless otherwise indicated. Therapies other than

transthyretin stabilizer were recorded at baseline; therapy with tafamidis (if any) was started after final diagnosis was reached.
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(P 5 0.037) and in the subgroup of patients with confirmed
ATTR-CM (P 5 0.039, Supplemental Fig. 3). Again, no signifi-
cance was found in patients with impaired LVEF (P 5 0.401 and
0.291, respectively).
Visual analysis failed to yield prognostic value: Perugini score

showed no association with the onset of MACEs in patients with
and without preserved LVEF, either in the whole cohort (Table 3)
or in patients with confirmed ATTR-CM (Table 4).

DISCUSSION

We demonstrated for the first time, to our knowledge, the value of
quantitative [99mTc]Tc-DPD SPECT/CT in the prediction of MACEs
in patients with suspected and, most importantly, confirmed ATTR-
CM and preserved LVEF, representing an early disease stage. This
association was not found in patients with reduced LVEF, represent-
ing later disease stages. Although previous work (6,7) used semi-
quantitative, normalized ratios, we here report a robust predictive
value for myocardial SUV. This aspect provides novelty in that it
supports the concept that the activity within the heart itself (and not
the relative activity compared with bone or soft tissue) reflects a
pathophysiologic mechanism linked to disease progression.
In this regard, the exact significance of different degrees of

[99mTc]Tc-DPD uptake within the myocardium deserves a detailed
discussion.
Perugini visual score failed to show prognostic value in patients

with ATTR-CM (5). To account for the lack of prognostic value,
it was hypothesized that visual interpretation does not accurately

reflect the amount of amyloid burden in the myocardium. This lat-
ter would be predictive of a different outcome, but Perugini score
may indicate only the presence of amyloid deposition, without
information on the amyloid burden (2). Although quantification
with SPECT/CT was expected to be more accurate in this regard,
previous studies on patients at different stages of ATTR-CM
showed only limited prognostic value and used normalized values
only, thus raising doubts on the linear correlation between
[99mTc]Tc-DPD uptake and amyloid burden (6,7). Conversely,
studies capitalizing on CMR imaging showed that increased ECV
correlates well with amyloid burden within the myocardium and
allows for risk stratification (11,12). Hence, there is a clear dis-
crepancy between the prognostic value of quantitative SPECT and
CMR, which is probably related to the different target.
Recently published papers (8–10) show that myocardial

[99mTc]Tc-DPD uptake decreases after therapy with tafamidis. If
we assumed that the uptake is proportional to the amyloid burden,
these data would be counterintuitive, as tafamidis acts essentially
by preventing further deposition of amyloid fibrils rather than
degrading them. Hence, it is conceivable that [99mTc]Tc-DPD
uptake is proportional not to amyloid burden but rather to the
degree of active deposition of amyloid fibrils within the myocar-
dium, which can be lowered by transthyretin-targeting therapies.
Of note, this concept is consistent with what is observed in other
fields of cardiovascular imaging, wherein nuclear medicine techni-
ques are preferred modalities to distinguish between the active
phase and the chronic phase of the disease (13). The discrepancy
between SPECT and CMR is further evidenced by a recent CMR
study in which stabilization of ECV after treatment with tafamidis
was reported, which may indicate that ECV is proportional to
amyloid burden and not to its active deposition (14).
Taken together, these observations suggest that in an early stage

of ATTR-CM, the amyloid burden may not be high but deposition
of amyloid fibrils can already be rapid. In this setting, it is con-
ceivable that assessment of the activity of such deposition by eval-
uating [99mTc]Tc-DPD can yield prognostic value, as it would be
an indicator of the more or less rapid evolution of the disease (15).
For that reason, we investigated for the first time, to our knowl-
edge, specifically patients with preserved LVEF, which would
indicate an earlier stage of ATTR-CM.

144 patients with
suspected ATTR-CM

45 patients with
rejected ATTR-CM

99 patients with
confirmed ATTR-CM

30 patients with 
LVEF<50%

69 patients with 
LVEF≥50%

16 patients with 
LVEF<50%

29 patients with 
LVEF≥50%

9 MACEs 
(30.0%)

25 MACEs 
(36.2%)

3 MACEs 
(23.1%)

7 MACEs 
(24.1%)

FIGURE 1. Study flowchart.

TABLE 3
Hazard Ratio of Relevant Clinical and Imaging-Derived Parameters for Prediction of MACEs in Whole Patient

Sample (n 5 144)

All patients with suspected
ATTR-CM (n 5 144)

Patients with preserved
LVEF ($50%, n 5 98)

Patients with impaired
LVEF (,50%, n 5 46)

Parameter HR 95% CI P HR 95% CI P HR 95% CI P

BMI 0.980 0.927–1.037 0.489 0.982 0.917–1.051 0.594 0.962 0.855–1.083 0.521

NT-proBNP 1.0 1.0–1.0 0.127 1.0 1.0–1.0 0.168 1.0 1.0–1.0 0.168

LVEDD 0.987 0.709–2.357 0.590 0.983 0.931–1.038 0.540 0.998 0.903–1.103 0.967

Perugini score 1.183 0.896–1.561 0.236 1.306 0.934–1.825 0.118 0.916 0.541–1.552 0.745

SUVmax (continuous) 1.014 0.970–1.059 0.540 1.028 0.980–1.079 0.258 0.923 0.820–1.039 0.186

SUVpeak (continuous) 1.015 0.969–1.063 0.519 1.031 0.980–1.085 0.244 0.918 0.810–1.042 0.185

SUVmax $ 7 1.752 0.925–3.317 0.090 2.875 1.230–6.710 0.015* 0.525 0.164–1.687 0.280

*Statistically significant.
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Consistent with previous reports, our study showed that visual
Perugini scoring is not predictive of MACEs in ATTR-CM
patients. Yet, SUV-based quantitative SPECT showed prognostic
value, and in this regard, our study provided novelty regarding
another 2 major aspects.
First, we demonstrated that patients with preserved or impaired

LVEF have a similar rate of MACEs, but differences become sig-
nificant if patients are further stratified according to their
[99mTc]Tc-DPD uptake. This provides more evidence that the
degree of active deposition of the amyloid fibrils may be the major
determinant of the rate of MACEs in patients with ATTR-CM and
supports the concept that quantitative [99mTc]Tc-DPD SPECT/CT
allows for an in vivo assessment of this activity.
Second, the same prognostic value pertained also to patients

with suspected ATTR-CM. To date, the clinical diagnosis of
ATTR-CM relies on a combination of clinical, echocardiographic,

and radiologic findings, and DPD scintigraphy represents a corner-
stone in confirming or rejecting the diagnosis (16). In our popula-
tion, some of the patients with suspected ATTR-CM had clinical
and echocardiographic signs of the disease, but the diagnosis was
eventually rejected because [99mTc]Tc-DPD SPECT had negative
findings. In this regard, how to interpret a Perugini score of 1 (i.e.,
detectable myocardial uptake below bone activity) is contentious,
and a score of 1 often does not allow for a definite diagnosis. But
a proportion of our patients with confirmed ATTR-CM (n 5 7)
had detectable cardiac [99mTc]Tc-DPD uptake visually below
bone activity. Considering the robust prognostic value in our
whole cohort and in the cohort with patients diagnosed with
ATTR-CM, there may be a rationale to consider patients with a
Perugini score of 1 as patients with ATTR-CM in a very early
stage or with a weak deposition of fibrils, which may, however,
accelerate at a certain time point. This aspect has an evident

TABLE 4
Hazard Ratio of Relevant Clinical and Imaging-Derived Parameters for Prediction of MACEs in Patients with Confirmed

ATTR-CM (n 5 99)

All patients with suspected
ATTR-CM (n 5 99)

Patients with preserved
LVEF ($50%, n 5 69)

Patients with impaired
LVEF (,50%, n 5 30)

Parameter HR 95% CI P HR 95% CI P HR 95% CI P

BMI 1.006 0.940–1.076 0.867 0.999 0.916–1.090 0.984 1.004 0.896–1.126 0.939

NT-proBNP 1.0 1.0–1.0 0.059 1.0 1.0–1.0 0.240 1.0 1.0–1.0 0.612

LVEDD 0.975 0.929–1.024 0.320 0.970 0.914–1.030 0.323 0.988 0.890– 1.097 0.830

Perugini score 1.115 0.645–1.929 0.696 1.358 0.684–2.697 0.358 0.825 0.336–2.028 0.675

SUVmax (continuous) 0.996 0.939–1.059 0.893 1.009 0.941–1.083 0.800 0.877 0.741–1.038 0.127

SUVpeak (continuous) 0.997 0.934–1.064 0.928 1.012 0.939–1.070 0.760 0.868 0.725–1.040 0.125

SUVmax $ 7 1.939 0.682–5.510 0.214 6.892* — 0.009† 0.420 0.112–1.574 0.198

*Given lack of events in patients with SUVmax , 7 in this group, this value represents global Wald x2, calculated with log-Poisson
regression analysis.

†Statistically significant.
HR 5 hazard ratio.
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FIGURE 2. Kaplan–Meyer curves highlighting predictive role of myocardial SUVmax $ 7 in whole cohort (n 5 144). (A) In patients with preserved LVEF,
SUVmax $ 7 as separator predicted higher rate of MACEs. (B) Conversely, no predictive role was seen in patients with already-impaired LVEF.
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impact on the management of patients with suspected ATTR-CM
and may suggest the need for further SPECT imaging at shorter
intervals, which will need to be defined.
This study had some limitations. Its retrospective nature pre-

vented us from recruiting patients with standardized therapy. How-
ever, the patient cohort was large enough to allow for a
subanalysis in patients not under transthyretin-stabilizing therapy.
Second, this was a registry study and not a specific powered study.
The fact that a clearly worse outcome was present in patients with
high myocardial uptake and preserved LVEF strengthens the con-
fidence with which [99mTc]Tc-DPD uptake can be considered an
indicator of active deposition of amyloid fibrils—the more active
the deposition, the more rapid the development of the disease—
whereas the impact of the rate of amyloid fibril deposition is not
expected to play a major role if a large amyloid burden is already
present. Although further and larger studies are warranted to vali-
date this concept, the data of our study constitute a fundamental
basis for further research. Third, we used an already-validated
method for quantitation relying on a proprietary hardware–soft-
ware system; therefore, our results may not fit the needs of clinical
centers using different quantification software, and separate valida-
tions are needed. Nevertheless, the fact that a clear predictive role
was demonstrated for MACEs in patients with preserved LVEF
supports the applicability of the quantitative approach in clinical
practice for risk stratification. In this regard, it may be suggested
that patients with an SUVmax of at least 7 on baseline SPECT/CT be
considered for tafamidis therapy. Fourth, the choice of LVEF as a
marker of a more advanced stage of ATTR-CM does not reflect the
current recommendations, which suggest the use of NT-proBNP and
glomerular filtration rate (eGFR) (17). Also, other echo-derived para-
meters such as global longitudinal strain have been suggested as
indicative of a more advanced stage of the disease (11). Although
this choice reflects the retrospective nature of the present study (data
on NT-proBNP, eGFR, and global longitudinal strain were not all
available in all patients), there still is a rationale to consider LVEF
as a marker of advanced disease. A paper by Knight et al. (11)
showed an inverse correlation between LVEF and ECV, with
impaired left ventricular function in patients with higher ECV.

Hence, it is conceivable that patients with impaired LVEF in our
cohort were also those in a more advanced stage. Further prospective
studies are warranted to support our data.
Finally, we observed that patients with impaired LVEF had a

higher LVEDD, suggesting some degree of dilation, which can be
seen at the end stage of the disease but is not typical. In our
cohort, we could not rule out that a subset of those patients with
an LVEF of less than 50% had a concomitant pathologic condition
causing left ventricular dilation. The presence of a possible com-
peting risk due an undiagnosed condition may be responsible for
the lack of prognostic value of [99mTc]Tc-DPD uptake in these
patients. These observations may be a starting point for further
studies featuring patients with ATTR-CM and impaired LVEF.

CONCLUSION

In patients with suspected or confirmed ATTR-CM and pre-
served LVEF, representing an early disease stage, a myocardial
SUV of at least 7 is a predictive marker for MACEs. Quantitative
[99mTc]Tc-DPD SPECT should be considered for improved early-
stage risk stratification of patients with ATTR-CM.
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FIGURE 3. Kaplan–Meyer curves highlighting predictive role of myocardial SUVmax $ 7 in patients with confirmed ATTR-CM (n5 99). Similarly to what
was observed for whole cohort, SUVmax $ 7 predicted higher rate of MACEs in patients with preserved LVEF (A) but not in patients with already-
impaired LVEF (B).
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KEY POINTS

QUESTION: Is quantitative [99mTc]Tc-DPD SPECT/CT suitable to
identify patients at increased risk of cardiac events among those
in an earlier stage of ATTR-CM?

PERTINENT FINDINGS: In a cohort study including 144 patients
(99 with ATTR-CM), an [99mTc]Tc-DPD SUVmax of 7 or higher
identified patients with preserved left ventricular function at
increased risk of cardiac events. Conversely, patients with
impaired function could not be risk-stratified by SPECT/CT,
thus highlighting the fact that the latter are at a later stage of
disease, wherein the impact of a more active deposition of
amyloid fibrils is not expected to play a major role in regard to the
outcome.

IMPLICATIONS FOR PATIENT CARE: Identifying patients with
still-preserved left ventricular function at a higher risk of disease
progression may drive the decision to choose a more aggressive
therapy, such as transthyretin stabilizers.
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