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Analysis of Calcium Scores in Severe 
Aortic Stenosis Patients With and Without 
Cardiac Amyloidosis

The CAUSATIVE Study

Transthyretin amyloid cardiomyopathy (ATTR-CM) 
frequently coexists with degenerative aortic stenosis 
(AS), with prevalence estimates up to 25% in 
contemporary cohorts of elderly patients undergoing 
valve replacement.1 Both diseases share overlapping 
echocardiographic features, making the diagnosis of 
either condition more challenging.

Cardiac computed tomography (CCT)–derived 
aortic valve calcium scoring (CS) is widely used to 
confirm the severity of AS, particularly in low-flow, 
low-gradient phenotypes commonly observed in the 
presence of ATTR-CM.2 However, clinical observa
tions suggest that patients with ATTR-CM may 
develop severe AS despite a modest calcification 
burden, raising concerns about the reliability of 
guideline-based CS thresholds in this setting.3

The CAUSATIVE (Analysis of Calcium Score of Se
vere Aortic Stenosis in Patients With and Without 
Cardiac Amyloidosis; NCT06066632) study tested the 
hypothesis that patients with dual pathology exhibit 
significantly lower CS than do those with isolated 
AS.3 This multicenter observational study enrolled 
consecutive patients $65 years with symptomatic 
severe AS and an indication for valve replacement 
across 9 European amyloidosis referral centers: Italy: 
Ferrara, Trieste, Bologna, Milan, Ancona, Cotignola, 
Florence, and Pisa; Austria: Vienna. The Institutional 
Review Board approved the protocol at each partici
pating center. Patients were enrolled in the study if 
they met the following inclusion criteria: 1) age 
$65 years, 2) diagnosis of symptomatic severe AS; 
3) indication for aortic valve replacement; and 4) 
presence of at least 1 red flag suggestive of ATTR-CM. 
The red flags considered included septal wall 
thickness $18 mm, E/A ratio >1.4, persistently 
elevated high-sensitivity troponin, carpal tunnel 
syndrome, right bundle branch block, and Sokolow- 
Lyon index <1.9 mV.

The diagnosis of severe AS was based on current 
echocardiographic guidelines and defined as a 

functional aortic valve area <1 cm2. All patients un
derwent systematic screening for ATTR-CM using 
bone scintigraphy and TTR genotyping. The diag
nosis of ATTR-CM was established on the basis of 
myocardial uptake on bone scintigraphy with either 
pyrophosphate or diphosphonate tracers (ie, Perugini 
score grade 1, 2, or 3): 1) in the absence of biochemical 
evidence of plasma cell dyscrasia; or 2) with biopsy- 
proven TTR amyloid in the presence of plasma cell 
dyscrasia.

Noncontrast electrocardiogram-gated CCT was 
performed in all patients. CS was quantified by a 
blinded core laboratory using the Agatston method. 
The primary endpoint was the difference in CS be
tween isolated AS and dual pathology (AS + ATTR- 
CM). Group comparisons were performed using 
nonparametric tests and multivariable quantile 
regression adjusted for age, sex, renal function, and 
AS phenotype. A total of 504 patients were included: 
400 (79.4%) with isolated AS and 104 (20.6%) with 
concomitant ATTR-CM. The mean age was 81.1 ± 5.9 
years; 53.6% were male (Figure 1A). Patients with dual 
pathology were older and more frequently male, with 
a higher prevalence of atrial fibrillation and heart 
failure history. A total of 187 patients (37.1%) had 
low-flow, low-gradient AS (137 [34.2%] with isolated 
AS and 50 [48.1%] with concomitant ATTR-CM; 
P = 0.009).

The primary endpoint analysis showed signifi
cantly lower median CS in patients with concomitant 
ATTR-CM (2,137 arbitrary unit [AU] [Q1-Q3: 1,476- 
2,912 AU]) than did those with isolated AS (2,560 AU 
[Q1-Q3: 1,728-3,609 AU]) (P = 0.007), as well as lower 
calcium volume (1,617 mL vs 2,057 mL; P < 0.001) and 
lower indexed CS (per body surface area) (1,089 vs 
1,362; P = 0.002) (Figure 1). In multivariable quantile 
regression, ATTR-CM remained independently asso
ciated with lower CS, with a median difference 
of − 674 AU (95% CI: − 1,005 to − 343 AU; P < 0.001). 
These results demonstrate that patients with severe 
AS and concomitant ATTR-CM exhibit markedly 
lower aortic valve CS than do those with isolated AS. 
This difference persisted after adjustment for key 
confounders, including AS phenotypes.

Our findings have 2 key clinical implications: 1) In 
the context of dual pathology, valvular obstruction 
may be not driven solely by calcification. In some 
cases, amyloid infiltration of the valve and annulus 
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may contribute to stenosis severity, thereby 
explaining the reduced calcific burden observed in 
some patients. 2) According to the current ESC (Eu
ropean Society of Cardiology)/EACTS (European As
sociation for Cardio-Thoracic Surgery) guidelines, 
sex-specific CS thresholds are recommended to 
confirm severe AS in patients with discordant 
echocardiographic findings.4 In the setting of dual 

pathology, applying standard CS thresholds may 
underestimate stenosis severity in the presence of 
concomitant ATTR-CM.

Recognition of this limitation is crucial. In prac
tice, patients with ATTR-CM may be denied valve 
replacement despite true severe AS, potentially 
missing the opportunity for improved symptoms and 
outcomes. Our findings therefore support the need 
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Baseline characteristics (A) and distribution of calcium score (B) in patients with isolated AS and those with dual pathology. AS = aortic 
stenosis; ATTR-CM = transthyretin amyloid cardiomyopathy; AU = arbitrary unit; eGFR = estimated glomerular filtration rate; 
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for disease-specific CS cutoffs or multiparametric 
approaches integrating CS with clinical, echocardio
graphic, and scintigraphic data.

The study lacked histological confirmation of 
valvular amyloid deposition, and advanced imaging 
(quantitative scintigraphy and single-photon emis
sion computed tomography) was not mandatory. 
Nonetheless, the blinded core-laboratory analysis of 
CCT and the large, systematically screened cohort 
strengthen the validity of the primary endpoint 
findings. Furthermore, a previous histological study 
showed a high frequency of occult TTR deposition in 
aortic valves replaced for AS.5

In conclusion, in a large multicenter cohort of 
severe AS, patients with concomitant ATTR-CM 
exhibited markedly lower aortic valve CS than did 
those with isolated AS. These results highlight the 
need for ATTR-CM–specific diagnostic strategies 
when evaluating AS severity and call for reconsider
ation of CS cutoffs to avoid underrecognition of true 
severe AS in patients with dual pathology.
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