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Abstract

Aims Disease staging and prognostic scoring in wild-type transthyretin-related cardiac amyloidosis (ATTRwt-CA) can be cap-
tured by two systems (NAC and Columbia scores). However, uncertainty remains as epidemiology of the disease is evolving
rapidly. We evaluated features associated with staging systems across ATTRwt-CA patients from different diagnostic pathways,
and their association with prognosis.
Methods We performed an analysis on DIAMOND patients with available data to evaluate NAC and Columbia score. DIA-
MOND was a retrospective study from 17 Italian referral centres for CA, enrolling 1281 patients diagnosed between 2016
and 2021, and aimed at describing characteristics of pathways leading to ATTRwt-CA diagnosis. Of the original cohort, 811 pa-
tients were included in this analysis. Each patient had NAC and Columbia score calculated. Patients were grouped according to
NAC and Columbia scoring classes. We described characteristics of patients according to staging classes and diagnostic path-
ways at diagnosis. Prevalence of early diagnoses, defined as NAC Ia, NYHA class I, no use of diuretics, no history of heart failure
(HF) hospitalizations nor of atrial fibrillation prior to diagnosis, was investigated. Finally, prognostic variables were tested alone
and grouped as NAC or Columbia scores in Cox univariate and multivariate regression analyses. Prognosis was investigated as
all-cause mortality, in the whole population and dividing patients in HF versus other diagnostic pathways.
Results Only 1% of the study population had an early ATTRwt-CA diagnosis. Distribution of prognostic variables and of NAC
and Columbia classes was heterogeneous across diagnostic pathways. The prevalence of NAC III and Columbia III was higher in
the HF diagnostic pathway, but all NAC and Columbia classes were present in all pathways. Both NAC and Columbia scores
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were associated with all-cause mortality at univariate Cox regression analysis in the whole population, in patients from the HF
diagnostic pathway and in those from other pathways. At multivariate analysis, Columbia score remained significantly associ-
ated with the outcome, together with age at diagnosis, left ventricular ejection fraction and maximal wall thickness.
Conclusions In this contemporary nationwide cohort, an ATTRwt-CA early diagnosis was very rare. Disease staging with NAC
and Columbia scoring systems determined classes of patients with heterogeneous features. Both scores were significantly as-
sociated with mortality, but other variables also had prognostic significance.
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Introduction

Wild-type transthyretin (TTR)-related cardiac amyloidosis

(ATTRwt-CA) is increasingly recognized. Being a progressive

disease, earlier diagnosis and, thus, earlier access to

disease-modifying therapies is related to a better prognosis.

Landmark trials of TTR-stabilizer drugs have shown that the

greatest efficacy of treatment is obtained in patients in NYHA

functional class I or II.1,2 However, despite increased aware-

ness, ATTRwt-CA patients still experience a significant diag-
nostic delay,3 and in half of cases, the final diagnosis is made

in the context of overt heart failure (HF).4 HF patients, pre-

senting with an already advanced disease, show a worse

prognosis as compared with those diagnosed incidentally or

in the context of other clinical events.
Disease stage in ATTRwt-CA can be captured by two major

staging systems proposed in 2017 by the National Amyloid
Centre in the UK (NAC score)5 and in 2020 by the Columbia
University in the USA (Columbia score).6 These scores define
disease severity by assessing natriuretic peptide and glomer-
ular filtration rate (GFR) values (NAC score), and diuretic use
and NYHA class on top of the NAC score (Columbia score).
Moreover, within the original NAC score, a group of patients
treated with low dose of diuretics and showing low values of
NT-proBNP at diagnosis (i.e., NAC Ia) was identified as having
a survival comparable with age-matched general population.7

Both the NAC and the Columbia scores proved to adequately
predict prognosis.5,6 However, some uncertainty remains for
prognostic scoring in ATTRwt-CA, as epidemiology of the dis-
ease is evolving rapidly and differently in different
countries.4,8,9 Moreover, a number of other clinical features
have been shown to influence prognosis in ATTRwt-CA,4,10–12

of which was not accounted for in NAC and Columbiamultivar-
iate models.5,6

We evaluated features associated with staging scores and
their association with prognosis in a large, contemporary,
Italian nationwide cohort of ATTRwt-CA.

Methods

We performed an analysis on DIAMOND patients with avail-
able data to evaluate NAC and Columbia score (GRF, natri-
uretic peptide values, NYHA functional class and diuretic dose
at diagnosis). Briefly, DIAMOND (DIagnostic pathways to
transthyretin AMyloid cardiomyOpathy: a multicentre Net-
work stuDy) was a retrospective study from 17 Italian referral
centres for CA, enrolling 1281 patients diagnosed between
January 2016 and December 2021, and aimed at describing
characteristics of pathways leading to ATTRwt-CA diagnosis.4

Patients were categorized into four diagnostic pathways:
re-evaluation in the context of a previous diagnosis of hyper-
trophic cardiomyopathy (HCM pathway), evaluation for HF
(HF pathway), incidental imaging findings (incidental imaging
pathway), evaluation for a medical reason other than HCM or
HF (incidental clinical pathway). From March to September
2023, all centres were asked to add to the original dataset in-
formation about creatinine and natriuretic peptide values,
left ventricular ejection fraction (LVEF), maximal wall thick-
ness (at the time of ATTRwt-CA diagnosis) and therapies;
moreover, follow-up was updated. Tafamidis therapy was
considered as effectively received if patients were treated
for at least 18 months.

There were 811 (63% of the original cohort) patients with
available data to calculate NAC and Columbia scores. There
were no significant differences between patients included
and excluded from the present study, apart from use of
tafamidis (Table S1).

For all patients with available data, GFR was calculated by
standard Modification of Diet in Renal Disease study equa-
tion. NAC score was calculated as previously described, based
on GFR and NT-proBNP values.5 NAC I was defined as NT-
proBNP ≤ 3000 ng/L and GFR ≥ 45 mL/min, NAC III was de-
fined as NT-proBNP > 3000 ng/L and GFR < 45 mL/min, with
the remainders defined as NAC II. NAC I patients were further
divided into Ia, defined as a diuretic dose <0.75 mg/kg and
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an NT-proBNP ≤ 500 ng/L (or ≤1000 ng/L in the presence of
atrial fibrillation), and Ib, comprising all remaining NAC I
patients.7 Columbia score was calculated as previously de-
scribed, based on NAC score, diuretic dose and NYHA func-
tional class at diagnosis.6 Diuretic dose was categorized into
dosages of 0, >0 to 0.5, >0.5 to 1, and >1 mg/kg. For the
purpose of the scoring system, 0 points were assigned for
0 mg/kg, 1 point for >0 to 0.5 mg/kg, 2 points for >0.5 to
1 mg/kg, and 3 points for >1 mg/kg. One point was assigned
per NYHA functional class. The final score was obtained by
adding diuretic dose and NYHA functional class points to each
patients’ NAC score. Patients were grouped in three classes,
defined as Columbia I (score 1–3), Columbia II (score 4–6)
and Columbia III (score 7–9). Diuretic dose was given by
furosemide equivalents normalized by body weight (in kg),
with standard conversion factors of bumetanide
1 mg = torsemide 20 mg = furosemide 40 mg.6 For patients
with only BNP values available, NT-proBNP was calculated
by multiplying BNP values by a factor of 6.25.6,13

We defined ATTRwt early diagnosis as a NAC score Ia and a
Columbia score of 1 (i.e., NAC Ia, NYHA class I and no use of
diuretics at the time of diagnosis), in the absence of a history
of HF hospitalizations (HFH) or of atrial fibrillation prior to
diagnosis.

Prognosis was investigated with all-cause mortality as end-
point and evaluated in the whole study population, and divid-
ing patients in those diagnosed in the HF pathway and those
diagnosed in pathways other than HF. Diagnostic pathways
other than HF were grouped together based on the similar
prognosis previously described in our original cohort.4 A com-
parison of patients from HCM, incidental imaging and inci-
dental clinical pathways is presented in Table S2.

Statistical analysis

Continuous variables were reported as mean ± standard de-
viation or as median with interquartile range (IQR). The dis-
tribution of continuous variables across NAC and Columbia
classes was compared with the ANOVA test; the comparison
of continuous variables between outliers was performed with
Student’s t-test. The standard chi-square test was used to
compare proportions. A P-value ≤ 0.05 was considered statis-
tically significant for these tests. Cohen’s kappa was used to
assess agreement between NAC and Columbia classes distri-
bution. Survival analyses were conducted with the Kaplan–
Meier method, and univariate and multivariate Cox regression
analysis. Performance of NAC and Columbia scores was
assessed by the area under the curve (AUC) with
receiver-operating characteristic curves method. In the whole
cohort, in the HF diagnostic pathway subgroup and in the
other diagnostic pathways subgroup, we first tested
NT-proBNP values (NT-proBNP >3000 pg/mL), GFR
(GFR < 45 mL/min), NYHA functional class (NYHA functional

class III-IV) and diuretic dose (0 mg/kg; >0 to 0.5 mg/kg;
>0.5 to 1 mg/kg;>1 mg/kg) at univariate Cox regression anal-
ysis. Once they all showed significant association with
all-cause mortality, we tested NAC and Columbia score at uni-
variate Cox regression analysis. We then evaluated at univari-
ate Cox regression analysis other variables selected among
those significantly differing when comparing characteristics
of dead versus alive patients. Finally, we performed amultivar-
iate Cox regression analysis where we included Columbia
score (rather than NAC due to AUC results) and variables from
the second pool, which resulted significantly associated with
all-cause mortality in the univariate analysis (P-value ≤ 0.20).
Variables included in multivariate Cox regression analyses
were tested for multicollinearity, which was defined as a vari-
able inflation factor (VIF)> 214; all variables in the final multi-
variate Cox regression analyses showed no multicollinearity
(all had VIF < 2).

We performed a sensitivity analysis evaluating only pa-
tients for whom NAC score was calculated from NT-proBNP
values (n = 706) and a further one excluding patient treated
with tafamidis (n = 72), showing consistency of results (data
not shown).

Results

Distribution of patients across staging categories

Characteristics of study populations are reported in Table 1.
Of the 811 patients included in the analysis, 335 (41%) were
in NAC I, 326 (40%) in NAC II and 150 (19%) in NAC III;
whereas 167 (21%) were in Columbia I, 449 (55%) in
Columbia II and 195 (24%) in Columbia III. Concordance be-
tween NAC and Columbia classes was 0.41 by Cohen’s kappa,
indicating fair-moderate agreement.

Of those in NAC I, 37 (11%) were grouped in NAC Ia and
298 (89%) in NAC Ib. Patients in NAC Ia were 5% of the overall
cohort. Of these, 14 had a Columbia score of 1 (38%, 2% of
overall cohort). Furthermore, five had known atrial fibrillation
at the time of diagnosis or had an HFH prior to diagnosis. Ac-
cordingly, nine (24% of NAC Ia, 1% of overall cohort, Figure 1)
patients had an ATTRwt early diagnosis. Seven of these pa-
tients were diagnosed in the incidental imaging pathway
(six after an echocardiogram as part of a routine check-up
and one after a bone scintigraphy due to oncologic reasons)
and two in the incidental clinical pathway (referral to cardio-
logical evaluation after carpal tunnel syndrome surgery).
These nine patients had a median age of 65 [min–max
58–85] years, a median LVEF of 60% [min–max 35%–67%]
and a median maximal wall thickness of 15 [min–max 11–
18] mm. All the nine patients were alive at the time of
analysis; one had an HFH during follow-up.
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Characteristics of patients according to staging
classes and diagnostic pathways

Age at diagnosis and prevalence of chronic obstructive pul-
monary disease (COPD) and atrial fibrillation increased with
greater NAC and Columbia classes, whereas LVEF significantly
decreased (Table 1). A diagnosis in the HF pathway (in partic-
ular, during an HFH), NYHA class III/IV and higher diuretic

dose were more common with greater NAC and Columbia
classes. However, NYHA class III/IV was present in 18% of
NAC I, 33% of NAC II and 45% of NAC III patients; all diuretic
dose categories were found in all NAC classes.

Distribution of prognostic variables and of NAC and Colum-
bia score classes was heterogeneous across diagnostic path-
ways (Table 2). The prevalence of NAC III and Columbia III
was higher in the HF pathway, but all NAC and Columbia clas-

Figure 1 Proportion of early ATTRwt-CA diagnoses in the DIAMOND cohort. An ‘early diagnosis’ was defined as a NAC score Ia and a Columbia score of
1, in the absence of a history of HF hospitalizations or of atrial fibrillation prior to diagnosis. Early diagnoses accounted for only 1% of the population.
Notably, NAC Ia accounted for 5% of the population.

Table 2 Distribution of NYHA class, diuretic dose class and NAC and Columbia score classes across ATTRwt diagnostic pathways

HCM HF Incidental imaging Incidental clinical P value

n 59 409 183 160
NT-proBNP >3000 pg/mL 24 (41) 248 (61) 75 (41) 64 (40) <0.0001
GFR < 45 mL/min 13 (22) 130 (32) 34 (19) 38 (24) 0.01
NYHA class <0.0001

I 7 (12) 15 (4) 61 (33) 31 (19)
II 42 (71) 215 (53) 101 (55) 103 (64)
III 10 (17) 170 (41) 21 (12) 26 (16)
IV 0 9 (2) 0 0

Diuretic dose <0.0001
0 mg/kg 18 (31) 62 (15) 77 (42) 62 (39)
>0 to 0.5 mg/kg 22 (37) 142 (35) 65 (36) 56 (35)
>0.5 to 1 mg/kg 13 (22) 115 (28) 24 (13) 29 (18)
>1 mg/kg 6 (10) 90 (22) 17 (9) 13 (8)

NAC score <0.0001
I 29 (49) 125 (30) 96 (52) 85 (53)
Ia 5 (17) 9 (7) 15 (16) 8 (9)
II 22 (37) 191 (47) 66 (36) 47 (29)
III 8 (14) 93 (23) 21 (12) 28 (18)

Columbia score <0.0001
I 15 (26) 28 (7) 71 (39) 53 (33)
II 35 (59) 241 (59) 92 (50) 81 (51)
III 9 (15) 140 (34) 20 (11) 25 (16)

Note: Bolded values indicate significant p-values.
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ses were present in all diagnostic pathways. In all pathways,
most patients were in NYHA class II, were treated with a di-
uretic dose up to 0.5 mg/kg and were in Columbia class II
(Figure 2). In diagnostic pathways other than HF, 40% to
41% of patients had a NT-proBNP value >3000 pg/mL and
19% to 24% had a GFR < 45 mL/min (vs. 61% and 32%, re-
spectively, in the HF pathway). Moreover, 12% to 17% of pa-
tients in diagnostic pathways other than HF had a NYHA III/IV
at diagnosis, 12% to 18% had a NAC III and 11% to 16% a
Columbia III.

All-cause mortality

At a median follow-up of 2.3 [1.4–3.7] years, 321 (40%) pa-
tients died. At univariate Cox regression analysis, NT-
proBNP > 3000 pg/mL, GFR < 45 mL/min, NYHA functional
class III–IV and diuretic dose, and both NAC and Columbia
scores were significantly associated with all-cause mortality.
NAC score yielded an AUC of 0.67, whereas Columbia score
an AUC of 0.71 (P = 0.16). At multivariate Cox regression anal-
ysis, Columbia score remained significantly associated with
all-cause mortality (Columbia II vs. I: HR 2.5 [1.5–4.4];

Columbia III vs. I: HR 3.8 [2.0–7.2], P < 0.0001), together with
age at diagnosis, LVEF and maximal wall thickness (Table 3).

Univariate Cox regression analysis results remained valid
when analysing patients from the HF pathway alone (197
deaths) and those from diagnostic pathways other than HF
(124 deaths). NAC score yielded an AUC of 0.64 and
Columbia score of 0.68 in the HF pathway; while NAC score
yielded an AUC of 0.66 and Columbia score of 0.71 in path-
ways other than HF. At multivariate Cox regression analysis,
Columbia score and age at diagnosis were significantly asso-
ciated with all-cause mortality in the HF pathway; Columbia
score, age at diagnosis and LVEF in pathways other than HF
(Tables S3 and S4).

At Kaplan–Meier analysis, survival across the three
Columbia classes was similar in patients in the HF pathway
as compared with patients in pathways other than HF (HF
pathway vs. other pathways in Columbia I, Plog = 0.88; HF
pathway vs. other pathways in Columbia II, Plog = 0.29; HF
pathway vs. other pathways in Columbia III, Plog = 0.88; Figure
3). When repeating the same analysis for the three NAC clas-
ses, survival was similar in HF pathway as compared with pa-
tients in pathways other than HF in NAC II and III (NAC II, P-

log = 0.32, NAC III, Plog = 0.19), but not in NAC I, where HF
pathway patients had the worst survival (Plog = 0.001).

Figure 2 Distribution of prognostic variables in patients diagnosed in the heart failure pathway versus in patients diagnosed in other pathways.
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Discussion

The main findings of our study are (i) the distribution of NAC
and Columbia prognostic scores is puzzled among ATTRwt-CA
patients diagnosed through different pathways, and these
scores determine classes of patients with heterogeneous char-

acteristics; (ii) an ATTRwt-CA early diagnosis is very rare; (iii)
prognostic variables are reliable independently from the diag-
nostic pathway, but outcome remains significantly influenced
by other clinical features, and primarily by age at diagnosis.

In this analysis from the DIAMOND cohort, both NAC and
Columbia scores captured ATTRwt-CA disease stage in an ad-

Table 3 Cox regression analysis for all-cause mortality in the whole cohort

Univariate Multivariate

Variable HR P value HR P value

NT-proBNP > 3000 pg/mL 2.7 [2.2–3.5] <0.0001 - -
GFR < 45 mL/min 2.9 [2.1–3.5] <0.0001 - -
NYHA functional class III–IV 2.4 [1.9–3.0] <0.0001 - -
Diuretic dose <0.0001 - -

0 mg/kg -
>0 to 0.5 mg/kg 2.2 [1.6–3.2]
>0.5 to 1 mg/kg 2.8 [1.9–4.0]
>1 mg/kg 4.8 [3.3–6.9]

NAC score <0.0001 - -
II vs. I 2.5 [1.9–3.2]
III vs. I 5.0 [3.7–6.7]

Columbia score <0.0001 <0.0001
II vs. I 4.1 [2.6–6.6] 2.5 [1.5–4.4]
III vs. I 10.1 [6.2–16.5] 3.8 [2.0–7.2]

Age at diagnosis, per 1 year 1.1 [1.0–1.1] <0.0001 1.1 [1.0–1.1] <0.0001
BMI, per 1 kg/mq 1.0 [0.9–1.0] 0.62 - -
HF pathway, vs. others 1.8 [1.4–2.3] <0.0001 0.9 [0.8–1.2] 0.76
Arterial hypertension 1.3 [1.0–1.6] 0.08 1.2 [0.9–1.5] 0.24
Diabetes mellitus 1.3 [1.0–1.7] 0.05 1.2 [0.9–1.6] 0.32
Coronary artery disease 1.3 [1.0–1.7] 0.03 1.1 [0.8–1.5] 0.45
COPD 1.5 [1.1–1.9] 0.01 1.3 [0.9–1.8] 0.10
Atrial fibrillation 1.2 [0.9–1.5] 0.22 - -
LVEF, per 1% 1.0 [0.9–1.0] <0.0001 1.0 [0.9–1.0] 0.03
Maximal wall thickness, per 1 mm 1.0 [1.0–1.1] 0.19 1.0 [1.0–1.1] 0.05

Note. Bolded values indicate significant p-values.

Figure 3 Kaplan–Meier curves for survival free from all-cause mortality according to Columbia classes in patients diagnosed in the heart failure path-
way and in those diagnosed in other pathways. Solid lines represent heart failure pathway; dashed lines represent pathways other than heart failure.
No statistical difference was observed between diagnostic pathways in each Columbia class: Plog for Columbia I: 0.88, II: 0.29, III: 0.88.
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equate, but still rough, way. Within NAC score classes, there
was an evident heterogeneity in terms of NYHA class. In
NAC I, 18% of patients was in NYHA III/IV and 18% was
treated with >0.5 mg/kg of diuretic dose. Vice versa, in
NAC III, 55% was in NYHA I/II. This heterogeneity is in line
with the population from which the original NAC score was
drawn: 15% of the original cohort patients with NAC I had a
NYHA III/IV, even those in NAC Ia.7 Heterogeneity was less
marked when using Columbia score, mainly and simply be-
cause it incorporates extra variables on top of NAC score.
However, some heterogeneity was still present: in Columbia
III, 38% of patients were in NYHA I/II. A significant overlap
of NT-proBNP values with NYHA I to III is known to exist in
HF patients,15 meaning that both objective and subjective
measures need to be evaluated to comprehensively capture
disease severity, in ATTRwt-CA as in other HF aetiologies.

As described in the original DIAMOND study, diagnostic
pathways also offer useful information to describe
ATTRwt-CA disease severity. Patients diagnosed in the HF
pathway had indeed a more advance disease, as all adverse
prognostic features were more common in this pathway
(Table 2, Figure 2). However, we report a significant heteroge-
neity also in this context. In diagnostic pathways other than
HF, which also included patients diagnosed ‘incidentally’,
about one fifth of patients was in NYHA III/IV and one fourth
was treated with >0.5 mg/kg of diuretic dose, resulting in
13% of patients being in Columbia III.

Consequently, an ATTRwt-CA early diagnosis was very rare
in our cohort. The definition we chose for ATTRwt-CA ‘early
diagnosis’ was on purpose more restrictive than that of
NAC Ia, as these patients still exhibit a significant disease pro-
gression in the short term.7 Therefore, we considered as hav-
ing an early diagnosis those patients not only classified in
NAC Ia, but also having NYHA I, not using diuretics, and with-
out previous relevant cardiovascular events. With these
criteria, only 1% of the whole cohort had an early diagnosis.
Notably, this corresponded to one fourth of NAC Ia patients,
again underlining the heterogeneity of clinical features within
NAC score classes. Such a very low prevalence of early diag-
nosis deserves careful consideration, as diverse initiatives
are exploring screening strategies for CA, and specifically
TTR-related CA, in different scenarios.16–22 Given the variable
yield of these strategies,23 their cost-effectiveness,24 and the
fact that in a substantial number of cases the unravelled diag-
nosis is likely not done in an early setting, it may be worth
evaluating whether these screening approaches are clinically
relevant or effectively represent the best strategies to inter-
cept patients in a therapeutically actionable stage of their dis-
ease. Further highlighting discrepancies between increased
awareness and timely recognition of the disease, it is worth
noting that even in the National Amyloid Centre of London
cohort, a NAC II or III class was found in 42% of patients diag-
nosed in most recent years (i.e., after 2016).9 Moreover, re-
cent data from the THAOS registry revealed that in recent

years diagnostic delay in ATTRwt-CA remained of about
2 years and did not decrease over time.3

Finally, we confirmed the prognostic significance in terms
of all-cause mortality of the variables identified in NAC and
Columbia centres, and, therefore, of the two scoring systems.
When first published in 2017, NAC score, drawn from an En-
glish cohort of 869 ATTRwt-CA and variant TTR-related CA
(ATTRv-CA) patients, was validated in a France cohort of
318 patients.5 Prognostic value of the NAC score was con-
firmed in further studies from the London centre.25,26

Columbia score was proposed in 2020 and drawn from a pop-
ulation of 309 ATTRwt and ATTRv-CA patients and showed to
predict all-cause mortality and heart transplantation with a
better performance than that of NAC and other scoring
systems.6 Its association with mortality and heart transplan-
tation was recently confirmed in a further analysis from the
New York centre including 419 patients.27 In our Italian na-
tionwide cohort, both scores resulted significantly associated
with all-cause mortality, with Columbia score performance
appearing slightly better than that of NAC score. The signifi-
cant association of prognostic variables and of scoring sys-
tems with all-cause mortality was further confirmed when
analysing patients from the HF pathway and from other path-
ways separately. In particular, for the same Columbia score
class, survival was similar irrespectively of the diagnostic
pathway (Figure 3). Similarly to what described in the original
DIAMOND cohort, it was the clinical status at diagnosis,
rather than the scenario where diagnosis was made, that in-
fluenced prognosis.4 Moreover, in the whole cohort, and also
when evaluating the two diagnostic pathway subgroups, de-
mographic (age at diagnosis) and echocardiographic (in par-
ticular LVEF) features were significantly associated with
all-cause mortality, independently from Columbia score. No-
tably, in the original NAC cohort, age and LVEF appeared sig-
nificantly associated with mortality, and the score’s hazard ra-
tios were adjusted for age,5 but some additional independent
effect of these variables likely remains. In conclusion, our re-
sults highlight the importance of a multiparametric evalua-
tion of ATTRwt-CA patients, rather than a prognostication
based on a single parameter or a single score.

The present study has limitations that should be acknowl-
edged. This was a secondary analysis of the DIAMOND study;
all 17 participating centres were asked to update information
of patients included in the first database. As a result, not all
patients initially enrolled had available data to calculate
NAC and Columbia scores (63% of the original cohort), as it
may happen when dealing with real-world populations. Nev-
ertheless, we did not find significant clinical differences be-
tween patients included and excluded from the present anal-
ysis. Furthermore, as BNP, but not NT-proBNP, was available
for all patients, we calculated the latter with a previously re-
ported factor of conversion.13 Finally, we acknowledge that
other variables, not available for this study (i.e., echocardio-
graphic parameters other than LVEF and maximal wall thick-
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ness, such as right ventricular function or LV longitudinal
strain analysis), may have prognostic value.

Conclusions

In this contemporary nationwide cohort, an ATTRwt-CA early
diagnosis was very rare. Disease staging with NAC and
Columbia scoring systems determined classes of patients with
heterogenous features. As a result, both scores had a signifi-
cant association with all-cause mortality, but other variables
also had prognostic significance.

Funding

This work was supported by the unrestricted general research
grant number 64890405 by Pfizer, without any control on in-
tellectual contents.

Acknowledgements

Open access publishing facilitated by Universita degli Studi di
Genova, as part of the Wiley - CRUI-CARE agreement.

Conflict of interest

No conflicts of interest to declare for any author in relation to
the submitted work.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Comparison of patients with versus without avail-
able data to calculate NAC score.
Table S2. Comparison of patients from the HCM, incidental
imaging and incidental clinical pathways.
Table S3. Cox regression analysis for all-cause mortality in the
HF pathway.
Table S4. Cox regression analysis for all-cause mortality in
pathways other than HF.

References

1. Maurer MS, Schwartz JH, Gundapaneni
B, Elliott PM, Merlini G, Waddington-
Cruz M, et al. Tafamidis treatment for
patients with transthyretin amyloid
cardiomyopathy. N Engl J Med 2018;
379:1007-1016. doi:10.1056/
NEJMoa1805689

2. Gillmore JD, Judge DP, Cappelli F,
Fontana M, Garcia-Pavia P, Gibbs S,
et al. Efficacy and safety of acoramidis
in transthyretin amyloid cardiomyopa-
thy. N Engl J Med 2024;390:132-142.
doi:10.1056/NEJMoa2305434

3. Coelho T, Dispenzieri A, Grogan M,
Conceição I, Waddington-Cruz M,
Kristen AV, et al. Patients with
transthyretin amyloidosis enrolled in
THAOS between 2018 and 2021 con-
tinue to experience substantial diagnos-
tic delay. Amyloid 2023;30:445-448.
doi:10.1080/13506129.2023.2229484

4. Tini G, Milani P, Zampieri M, Caponetti
AG, Fabris F, Foli A, et al. Diagnostic
pathways to wild-type transthyretin am-
yloid cardiomyopathy: a multicentre
network study. Eur J Heart Fail 2023;
25:845-853. doi:10.1002/ejhf.2823

5. Gillmore JD, Damy T, Fontana M, Hutch-
inson M, Lachmann HJ, Martinez-
Naharro A, et al. A new staging system

for cardiac transthyretin amyloidosis.
Eur Heart J 2018;39:2799-2806.
doi:10.1093/eurheartj/ehx589

6. Cheng RK, Levy WC, Vasbinder A,
Teruya S, De Los Santos J, Leedy D,
et al. Diuretic dose and NYHA functional
class are independent predictors of mor-
tality in patients with transthyretin car-
diac amyloidosis. JACC: CardioOncology
2020;2:414-424. doi:10.1016/j.jaccao.
2020.06.007

7. Law S, Bezard M, Petrie A, Chacko L,
CohenOC, Ravichandran S, et al. Charac-
teristics and natural history of early-stage
cardiac transthyretin amyloidosis. Eur
Heart J 2022;43:2622-2632. doi:10.
1093/eurheartj/ehac259

8. Zampieri M, Nardi G, Del Monaco G,
Allinovi M, Gabriele M, Zocchi C, et al.
Changes in the perceived epidemiology
of amyloidosis: 20 year-experience from
a tertiary referral Centre in Tuscany. Int
J Cardiol 2021;335:123-127. doi:10.
1016/j.ijcard.2021.04.023

9. Ioannou A, Patel RK, Razvi Y, Porcari A,
Sinagra G, Venneri L, et al. Impact of ear-
lier diagnosis in cardiac ATTR amyloid-
osis over the course of 20 years. Circula-
tion 2022;146:1657-1670. doi:10.1161/
CIRCULATIONAHA.122.060852

10. Aimo A, Tomasoni D, Porcari A, Vergaro
G, Castiglione V, Passino C, et al. Left
ventricular wall thickness and severity
of cardiac disease in women and men
with transthyretin amyloidosis. Eur J
Heart Fail 2023;25:510-514.
doi:10.1002/ejhf.2824

11. Cipriani A, De Michieli L, Porcari A,
Licchelli L, Sinigiani G, Tini G, et al.
Low QRS voltages in cardiac amyloid-
osis: clinical correlates and prognostic
value. JACC CardioOncol 2022;4:
458-470. doi:10.1016/j.jaccao.2022.
08.007

12. Fumagalli C, Zampieri M, Perfetto F,
Zocchi C, Maurizi N, Tassetti L, et al.
Early diagnosis and outcome in patients
with wild-type transthyretin cardiac am-
yloidosis. Mayo Clin Proc 2021;96:
2185-2191. doi:10.1016/j.mayocp.2021.
04.021

13. Rørth R, Jhund PS, Yilmaz MB,
Kristensen SL, Welsh P, Desai AS,
et al. Comparison of BNP and
NT-proBNP in patients with heart fail-
ure and reduced ejection fraction. Circ
Heart Fail 2020;13:e006541. doi:10.
1161/CIRCHEARTFAILURE.119.006541

14. Ameri P, Canepa M, Fabbi P, Leoncini G,
Milaneschi Y, Mussap M, et al. Vitamin D

Early diagnosis, disease stage and prognosis in wild-type transthyretin amyloid cardiomyopathy: The DIAMOND study 9

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.15091

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.15091 by C

ochraneItalia, W
iley O

nline L
ibrary on [26/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014


modulates the association of circulating
insulin-like growth factor-1 with carotid
artery intima-media thickness. Athero-
sclerosis 2014;236:418-425. doi:10.
1016/j.atherosclerosis.2014.08.022

15. Rohde LE, Zimerman A, Vaduganathan
M, Claggett BL, Packer M, Desai AS,
et al. Associations between New York
Heart Association classification, objec-
tive measures, and long-term prognosis
in mild heart failure: a secondary analy-
sis of the PARADIGM-HF trial. JAMA
Cardiol 2023;8:150-158. doi:10.1001/
jamacardio.2022.4427

16. Westin O, Fosbøl EL, Maurer MS, Leicht
BP, Hasbak P, Mylin AK, et al. Screening
for cardiac amyloidosis 5 to 15 years af-
ter surgery for bilateral carpal tunnel
syndrome. J Am Coll Cardiol 2022;80:
967-977. doi:10.1016/j.jacc.2022. 06.
026

17. Vianello PF, La Malfa G, Tini G, Mazzola
V, Miceli A, Santolini E, et al. Prevalence
of transthyretin amyloid cardiomyopa-
thy in male patients who underwent bi-
lateral carpal tunnel surgery: the AC-
TUAL study. Int J Cardiol 2020;329:
144-147. doi:10.1016/j.ijcard.2020.
12.044

18. AbouEzzeddine OF, Davies DR, Scott
CG, Fayyaz AU, Askew JW, McKie PM,
et al. Prevalence of transthyretin amy-
loid cardiomyopathy in heart failure
with preserved ejection fraction. JAMA

Cardiol 2021;6:1267-1274. doi:10.
1001/jamacardio.2021.3070

19. Yamasaki H, Kondo H, ShirooT, Iwata N,
Masuda T, Makita T, et al. Efficacy of
computed tomography-based evaluation
of myocardial extracellular volume com-
bined with red flags for early screening
of concealed cardiac amyloidosis in pa-
tients with atrial fibrillation. Circ J
2024;88:1167-1175. doi:10.1253/circj.
CJ-23-0948

20. Merlo M, Pagura L, Porcari A, Cameli M,
Vergaro G, Musumeci B, et al.
Unmasking the prevalence of amyloid
cardiomyopathy in the real world: re-
sults from phase 2 of the AC-TIVE study,
an Italian nationwide survey. Eur J
Heart Fail 2022;24:1377-1386.
doi:10.1002/ejhf.2504

21. Cannie D, Patel K, Protonotarios A,
Heenan I, Bakalakos A, Syrris P, et al.
Prevalence of transthyretin cardiac amy-
loidosis in patients with high-degree AV
block. Open Heart 2024;11:e002606.
doi:10.1136/openhrt-2024-002606

22. Rapezzi C, Giannini F, Campo G. Aortic
stenosis, transcatheter aortic valve re-
placement and transthyretin cardiac am-
yloidosis: are we progressively
unraveling the tangle? Eur J Heart Fail
2021;23:259-263. doi:10.1002/ejhf.
2057

23. Tini G, Sessarego E, Benenati S, Vianello
PF, Musumeci B, Autore C, et al. Yield of

bone scintigraphy screening for
transthyretin-related cardiac amyloid-
osis in different conditions: methodolog-
ical issues and clinical implications. Eur
J Clin Invest 2021;51:e13665.
doi:10.1111/eci.13665

24. Castiglione V, Aimo A, Vergaro G. Cost-
effectiveness of transthyretin cardiac
amyloidosis screening and treatment: a
dilemma for the clinician. Int J Cardiol
2024;402:131855. doi:10.1016/j.ijcard.
2024.131855

25. Law S, Petrie A, Chacko L, Cohen OC,
Ravichandran S, Gilbertson JA, et al.
Disease progression in cardiac
transthyretin amyloidosis is indicated
by serial calculation of National Amy-
loidosis Centre transthyretin amyloid-
osis stage. ESC Heart Failure 2020;7:
3942-3949. doi:10.1002/ehf2.12989

26. Ioannou A, Nitsche C, Porcari A, Patel
RK, Razvi Y, Rauf MU, et al. Multiorgan
dysfunction and associated prognosis in
transthyretin cardiac amyloidosis. J Am
Heart Assoc 2024;13:e033094. doi:10.
1161/JAHA.123.033094

27. Chan N, Teruya S, Mirabal A, Weinsaft
AY, Santos JDL, Guadalupe S, et al.
Temporal outcomes of patients diag-
nosed with transthyretin cardiac amy-
loidosis. J Card Fail 2024;S1071-
9164:00073-00073. doi:10.1016/j.
cardfail. 2024.02.014

10 G. Tini et al.

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.15091

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.15091 by C

ochraneItalia, W
iley O

nline L
ibrary on [26/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014
https://doi.org/10.1016/j.cardfail.2024.02.014

	Early diagnosis, disease stage and prognosis in �wild�&hyphen;�type transthyretin amyloid cardiomyopathy: The DIAMOND study
	Introduction
	Methods
	Statistical analysis

	Results
	Distribution of patients across staging categories
	Characteristics of patients according to staging classes and diagnostic pathways
	All&hyphen;cause mortality

	Discussion
	Conclusions
	Funding
	Acknowledgements
	Conflict of interest
	References

