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Amyloid Transthyretin Cardiomyopathy 
in Elderly Patients With Aortic Stenosis 
Undergoing Transcatheter Aortic Valve 
Implantation
Stephan Dobner , MD, PhD; Thomas Pilgrim , MD, MSc; Daniel Hagemeyer , MD; Dik Heg , PhD;  
Jonas Lanz , MD, MSc; Nicole Reusser, RN; Christoph Gräni , MD, PhD; Ali Afshar-Oromieh, MD;  
Axel Rominger , MD; Bettina Langhammer, MD; David Reineke, MD; Stephan Windecker , MD;  
Stefan Stortecky , MD, MPH

BACKGROUND: The prevalence of calcific aortic stenosis and amyloid transthyretin cardiomyopathy (ATTR-CM) increase with age, and 
they often coexist. The objective was to determine the prevalence of ATTR-CM in patients with severe aortic stenosis and evaluate 
differences in presentations and outcomes of patients with concomitant ATTR-CM undergoing transcatheter aortic valve implantation.

METHODS AND RESULTS: Prospective screening for ATTR-CM with Technetium99-3,3-diphosphono-1,2-propanodicarboxylic 
acid bone scintigraphy was performed in 315 patients referred with severe aortic stenosis between August 2019 and August 
2021. Myocardial Technetium99-3,3-diphosphono-1,2-propanodicarboxylic acid tracer uptake was detected in 34 patients 
(10.8%), leading to a diagnosis of ATTR-CM in 30 patients (Perugini ≥2: 9.5%). Age (85.7±4.9 versus 82.8±4.5; P=0.001), male 
sex (82.4% versus 57.7%; P=0.005), and prior carpal tunnel surgery (17.6% versus 4.3%; P=0.007) were associated with co-
existing ATTR-CM, as were ECG (discordant QRS voltage to left ventricular wall thickness [42% versus 12%; P<0.001]), echo-
cardiographic (left ventricular ejection fraction 48.8±12.8 versus 58.4±10.8; P<0.001; left ventricular mass index, 144.4±45.8 
versus 117.2±34.4g/m2; P<0.001), and hemodynamic parameters (mean aortic valve gradient, 23.4±12.6 versus 35.5±16.6; 
P<0.001; mean pulmonary artery pressure, 29.5±9.7 versus 25.8±9.5; P=0.037). Periprocedural (cardiovascular death: hazard 
ratio [HR], 0.71 [95% CI, 0.04–12.53]; stroke: HR, 0.46 [95% CI, 0.03–7.77]; pacemaker implantation: HR, 1.54 [95% CI, 0.69–
3.43]) and 1-year clinical outcomes (cardiovascular death: HR, 1.04 [95% CI, 0.37–2.96]; stroke: HR, 0.34 [95% CI, 0.02–5.63]; 
pacemaker implantation: HR, 1.50 [95% CI, 0.67–3.34]) were similar between groups.

CONCLUSIONS: Coexisting ATTR-CM was observed in every 10th elderly patient with severe aortic stenosis referred for therapy. 
While patients with coexisting pathologies differ in clinical presentation and echocardiographic and hemodynamic parameters, 
peri-interventional risk and early clinical outcomes were comparable up to 1 year after transcatheter aortic valve implantation.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT04061213.
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The prevalence of aortic stenosis (AS) and amyloid 
transthyretin cardiomyopathy (ATTR-CM) increases 
with age. While the global prevalence of calcific 

aortic valve disease is estimated to be >2% in elderly 
patients aged ≥70 years,1 cardiac amyloidosis is still con-
sidered a rare entity.2 However, screening and autopsy 
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studies suggest that amyloid depositions are present 
in >10% of octogenarians and in specific patient pop-
ulations.3,4 As a result, coexisting cardiac amyloidosis 
is reported in 8% to 13% of elderly patients with symp-
tomatic, severe AS referred for transcatheter aortic valve 
implantation (TAVI).5,6 Owing to the availability of nonin-
vasive bone scintigraphy,7 ATTR-CM is now recognized 
to be the most common cardiac amyloidosis type and 
the one typically diagnosed in patients with symptomatic 
severe AS.5,8

Current evidence suggests that TAVI is also of ther-
apeutic benefit in patients with both pathologies.5,6 
Yet it remains to be determined whether the incidental 
finding of ATTR-CM in patients with symptomatic se-
vere AS referred for TAVI confers an increased risk of 

adverse events during the periprocedural period as well 
as during the early and mid- to long-term follow-up.5,6

The aim of the present study was 3-fold: (1) to deter-
mine the prevalence and type of concomitant cardiac 
amyloidosis in elderly patients with symptomatic, se-
vere AS referred for aortic valve therapy evaluation at 
a tertiary care center; (2) to investigate the utility of he-
modynamic data to help distinguish patients with both 
pathologies; and (3) to compare adverse events during 
the periprocedural period and up to 1 year after TAVI in 
patients with and without coexisting ATTR-CM.

METHODS
Study Population
ATTR-AS (Amyloid Transthyretin in Aortic Stenosis) 
is a single-center cohort study conducted at Bern 
University Hospital between August 2019 and 
August 2021. Consecutive patients referred for aor-
tic valve replacement therapy were screened and 
evaluated for study participation. The lone inclusion 
criterion was the presence of severe AS. Patients un-
willing to consent or requiring emergent aortic valve 
intervention were excluded from study participation. 
Noninvasive screening for cardiac amyloidosis was 
performed with 99mTechnetium-3,3-diphosphono-
1,2-propanodicarboxylic acid (99mTc-DPD) bone 
scintigraphy and laboratory assessment for clonal 
immunoglobulins in addition to routine echocardio-
graphic and invasive hemodynamic evaluation for se-
vere AS. The design of the study was approved by the 
local ethics committee and conducted in accordance 
with the Declaration of Helsinki. Study participants 
provided written, informed consent for the study pro-
cedures and follow-up. All data were prospectively col-
lected and entered into a dedicated online database at 
Bern University Hospital. ATTR-AS is registered with 
Clini​calTr​ials.gov (NCT04061213). The data that sup-
port the findings of this study are available from the 
corresponding author upon reasonable request.

Hemodynamic Evaluation
Echocardiography

Routine echocardiographic assessment was per-
formed according to current guidelines established by 
the American Society of Echocardiography/European 
Association of Cardiovascular Imaging.9,10 Images 
were acquired using GE Vivid, Philips iE33, or Philips 
Epiq ultrasound equipment. Linear and 2-dimensional 
measurements were used for chamber quantifica-
tion. Left ventricular ejection fraction was assessed 
by Simpson’s biplane method of disks or by visual 
estimation if image quality precluded the former. To 
determine AS severity, peak jet velocity and mean 

CLINICAL PERSPECTIVE

What Is New?
•	 Invasive hemodynamic data and echocardio-

graphic features are useful to help distinguish 
patients with underlying amyloid transthyretin 
cardiomyopathy.

•	 Perioperative adverse events occur with similar 
frequency among patients with coexisting pa-
thologies and isolated aortic stenosis.

What Are the Clinical Implications?
•	 Future studies need to evaluate whether amy-

loid transthyretin cardiomyopathy–targeting 
therapies may confer benefit in elderly patients 
with severe symptomatic aortic stenosis.

•	 Mechanistic studies need to evaluate how amy-
loid transthyretin cardiomyopathy and aortic 
stenosis are linked.

•	 Current techniques enable reliable identification 
of amyloid precursor proteins and provide an 
opportunity to determine whether amyloid tran-
sthyretin cardiomyopathy and aortic stenosis 
share a common pathophysiology.

Nonstandard Abbreviations and Acronyms
99mTc-DPD	 Technetium99-3,3-diphosphono-

1,2-propanodicarboxylic acid
ATTR-AS	 Amyloid Transthyretin in Aortic 

Stenosis
ATTR-CM	 amyloid transthyretin 

cardiomyopathy
DPD	 3,3-diphosphono-1,2-

propanodicarboxylic acid
TAVI	 transcatheter aortic valve 

implantation

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 16, 2023

http://clinicaltrials.gov


J Am Heart Assoc. 2023;12:e030271. DOI: 10.1161/JAHA.123.030271� 3

Dobner et al� ATTR-CM in Elderly Patients With Severe AS

aortic valve pressure gradient were measured using 
continuous wave Doppler. Aortic valve area was ap-
proximated using the continuity equation. For assess-
ment of diastolic function, mitral flow velocities, mitral 
annular e′ velocity, E/e′ ratio, TR jet peak velocity, and 
left atrial volumes were acquired. For staging, the algo-
rithm previously described by the American Society of 
Echocardiography was used.11

Invasive Hemodynamic Evaluation

Invasive assessment of AS severity and hemodynam-
ics was performed as previously described.12 Cardiac 
output was measured using the Fick principle: stroke 
volume calculated by dividing cardiac output by heart 
rate. The Gorlin formula was used to calculate aortic 
valve area.

Screening for Cardiac Amyloidosis

Laboratory testing for amyloidosis included serum gel 
electrophoresis, immunofixation, and serum free light 
chain assays.13 If pathologic, hematologic consulta-
tion and, if necessary, tissue biopsy were performed 
to exclude light chain amyloidosis and thereby confirm 
transthyretin amyloidosis.

Noninvasive screening of cardiac amyloidosis was 
performed using 99mTc-DPD bone scintigraphy. Three 
hours after intravenous injection of 700 MBq ±10% 99mTc-
DPD and peroral hydration, patients were imaged on a 
Siemens Intevo Bold camera. Planar whole-body images 
were acquired for 15 minutes using a low energy, high-
resolution collimator with a matrix of 256 × 256. The pla-
nar scans were immediately followed by a single-photon 
emission computed tomography with a low-dose, non-
contrast computed tomography scan of the heart when 
a pathologic myocardial uptake was observed on the 
planar scans. Myocardial uptake on the planar 99mTc-
DPD scan was visually categorized according to the 
modified Perugini Score described by Hutt et al.14

ATTR-CM was diagnosed in patients with moder-
ate or strong myocardial 99mTc-DPD uptake (Perugini 
grade II or III) and exclusion of light chain amyloidosis 
by laboratory testing and tissue biopsy, if required.15 
Genetic testing was performed in study participants 
only after additional written, informed consent was ac-
quired. Peripheral blood samples were used for DNA 
extraction, and testing was performed using Sanger 
sequencing of all exons and exon-intron boundaries of 
the transthyretin gene.

Follow-Up, Periprocedural Complications, and 
Clinical End Points

Baseline clinical, procedural, and follow-up data were 
prospectively recorded using standardized case report 

forms. Clinical follow-up data were obtained through 
standardized interviews, documentation from refer-
ring physicians, and hospital discharge summaries. 
Adverse events were systematically collected and 
adjudicated by a dedicated clinical event committee 
based on the standardized Valve Academic Research 
Consortium-2 criteria.16

The primary end point of the study was the preva-
lence of cardiac amyloidosis in patients with symptom-
atic, severe AS referred for aortic valve replacement 
therapy evaluation. Secondary end points were eval-
uated in patients undergoing TAVI and encompassed 
all-cause and cardiovascular death, cerebrovascular 
events, myocardial infarction, bleeding, access-related 
complications, kidney injury, and the requirement for 
pacemaker implantation up to 12 months after the 
procedure.

Statistical Analysis
Continuous variables are presented as mean values±SD 
and compared between 2 groups using Student’s  
t-tests (ANOVAs with F-tests were used to compare 
3 groups). Categorical variables are represented as 
counts and percentages, and the differences between 
groups were tested using Fisher’s exact test for every 
2 × 2 comparisons and chi-square tests if more cat-
egories were involved (eg, 2 × 3, 2 × 4, etc). Time-to-
event curves were constructed using the Kaplan–Meier 
method. Cox proportional hazards models were used 
to calculate hazard ratios (HRs) and 95% CIs for clinical 
outcomes comparing the groups (adjudicated events 
up to 30 days and up to 1 year from TAVI). Additional 
analyses included patients who did not undergo TAVI, 
with adjudicated events being counted from the date 
of scintigraphy (again, up to 30 days and 1 year). 
Diphosphono-1,2-propanodicarboxylic acid (DPD) 0 is 
used as the reference group throughout. All statistical 
tests were 2-sided, and P values <0.05 were consid-
ered significant. Statistical analyses were performed 
using Stata 17 (StataCorp, College Station, TX).

RESULTS
Baseline Characteristics
Of 489 patients referred for TAVI evaluation, 444 
(90.8%) were screened for study participation. A total 
of 315 of the 398 patients considered eligible (79.1%; 
70.9% of the screened cohort, see Figure  1) agreed 
to participate in the study. Patient characteristics are 
detailed in Table 1.

Prevalence of Cardiac Amyloidosis
Bone scintigraphy revealed myocardial 99mTc-DPD up-
take in 34 of 315 patients (10.8%) (Figure 2), of which 

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 16, 2023



J Am Heart Assoc. 2023;12:e030271. DOI: 10.1161/JAHA.123.030271� 4

Dobner et al� ATTR-CM in Elderly Patients With Severe AS

30 had moderate or strong 99mTc-DPD uptake (Perugini 
≥2: 30 of 34 [88.2%]; 30 of 315 [9.5%]). Serum assays 
detected a monoclonal immunoglobulin in 4 of the 34 
patients with 99mTc-DPD uptake (Perugini 1: 1 of 4 [25%]; 
Perugini ≥2: 3 of 30 [10%]). Bone marrow and gastro-
intestinal tissue biopsy was used to exclude light chain 

amyloidosis in 2 patients, while the other 2 declined fur-
ther workup. Other types of amyloidosis were not found 
in the study population. Genetic testing of the transthyre-
tin gene was performed in 24 of 34 99mTc-DPD-positive 
(DPD+) patients (70.6%). A single transthyretin mutation 
(Val30Met) was found in a patient with strong 99mTc-DPD 

Figure 1.  Study CONSORT flowchart.
AS indicates aortic stenosis; CONSORT, Consolidated Standards of Reporting Trials; DPD, 
3,3-diphosphono-1,2-propanodicarboxylic acid; SAVR, surgical aortic valve replacement; and TAVI, 
transcatheter aortic valve implantation.
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uptake, with wild-type transthyretin being present in 
most patients (95.8% [n=23]).

Patients with 99mTc-DPD uptake were older (85.7±4.9 
versus 82.8±4.5 years; P=0.001) and more commonly 
men (82.4% versus 57.7%; P=0.005) than patients with 
negative bone scintigraphy. Loop diuretics were more 
often prescribed for patients who were DPD+ (79.4% 
versus 58.0%; P=0.016) (Figure  2), and NT-proBNP 
(N-terminal pro-B-type natriuretic peptide) levels were 
higher when patients presented for preoperative eval-
uation (4951.6±4452.2 pg/mL versus 2522.0±3851 
pg/mL.1; P=0.001) (Figure  2, Table  S1). A history of 
1- and both-sided carpal tunnel surgery was more fre-
quent in patients with 99mTc-DPD uptake (17.6% versus 

4.3%; P=0.007; and 14.7% versus 1.8%; P=0.002, 
respectively).

Electrocardiographic, Echocardiographic, 
and Hemodynamic Findings
During TAVI workup, atrial fibrillation was more com-
mon in patients with 99mTc-DPD uptake (39% versus 
20%; P=0.024) (Tables S2 and S3). Left ventricular ejec-
tion fraction was lower (48.8±12.8% versus 58.4±10.8; 
P<0.001) and low-flow, low-gradient AS more preva-
lent (86% versus 49%; P=0.002) in patients with DPD+ 
bone scan. Mean transvalvular gradients measured by 
echocardiography were 26.6±12.5 mm Hg in patients 

Table 1.  Baseline Clinical Characteristics

All patients DPD 0 DPD 1/2/3

P valueN=315 N=281 N=34

Age, y 83.1±4.6 82.8±4.5 85.7±4.9 0.001

Sex, female 125 (39.7) 119 (42.3) 6 (17.6) 0.005

Body mass index, kg/mm2 27.1±6.0 27.0±5.8 27.4±7.3 0.71

Society of Thoracic Surgeons calculated risk 
of death

4.3±3.5 4.2±3.5 5.1±3.6 0.21

Clinical features

Arterial hypertension 278 (88.3) 246 (87.5) 32 (94.1) 0.40

Diabetes 95 (30.2) 88 (31.3) 7 (20.6) 0.24

Dyslipidemia 186 (69.1) 163 (68.2) 23 (76.7) 0.41

Chronic kidney disease (glomerular filtration 
rate <60 mL/min per 1.73 m2)

193 (61.3) 169 (60.1) 24 (70.6) 0.27

Chronic obstructive pulmonary disease 19 (7.1) 18 (7.5) 1 (3.3) 0.71

Atrial fibrillation 116 (36.8) 98 (34.9) 18 (52.9) 0.058

Past medical history

Coronary artery disease 134 (42.5) 117 (41.6) 17 (50.0) 0.36

Coronary artery bypass grafting 24 (7.6) 21 (7.5) 3 (8.8) 0.73

Myocardial infarction 25 (9.3) 22 (9.2) 3 (10.0) 0.75

Cerebrovascular accident 45 (14.3) 39 (13.9) 6 (17.6) 0.60

Peripheral arterial disease 41 (13.0) 36 (12.8) 5 (14.7) 0.79

Permanent pacemaker 24 (7.6) 20 (7.1) 4 (11.8) 0.31

Malignancy 70 (22.2) 65 (23.1) 5 (14.7) 0.38

ATTR—specific characteristics

Carpal tunnel surgery 18 (5.7) 12 (4.3) 6 (17.6) 0.007

If yes, both-sided 10 (3.2) 5 (1.8) 5 (14.7) 0.002

Polyneuropathy 12 (3.8) 10 (3.6) 2 (6.1) 0.37

Spinal stenosis 23 (7.3) 19 (6.8) 4 (11.8) 0.29

Serum gel electrophoresis

Performed 45 (14.3) 16 (5.7) 29 (85.3) <0.001

Pathologic finding 7 (15.6) 3 (18.8) 4 (13.8) 0.69

Genetic testing of transthyretin

Performed 24 (70.6)

Wild-type 23 (95.8)

Depicted are means with SD or counts with percentages. P value from chi-square test (counts) or ANOVA F-test across all 3 groups. DPD 0: no myocardial 
tracer uptake in 99mTc-DPD scintigraphy; DPD 1, 2, 3: pathologic myocardial uptake of 99mTc-DPD according to Perugini grade I, II, or III. 99mTc-DPD indicates 
Technetium99-3,3-diphosphono-1,2-propanodicarboxylic acid; ATTR, amyloid transthyretin; and DPD, 3,3-diphosphono-1,2-propanodicarboxylic acid.
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who were DPD+ compared with 38.6±15.5 mm Hg in 
patients without 99mTc-DPD uptake (P<0.001) and were 
23.4±12.6 mm Hg compared with 35.5±16.6 mm Hg 
when assessed by invasive hemodynamics, respec-
tively (P<0.001; Table 2). Noninvasive markers of con-
comitant cardiac amyloidosis included increased left 
ventricular (LV) wall thickness (15.5±3.0 mm versus 
12.8±2.5 mm; P<0.001), increased LV mass index 
(144.4±45.8 versus 117.2±34.4 g/m2; P<0.001), pres-
ence of higher-grade diastolic dysfunction (≥II, 71% 

versus 24%; P=0.001), more pronounced left atrial dil-
atation (57.7±16.3 versus 47.3±18.7 mL/m2; P=0.036), 
and increased mean pulmonary artery pressure 
(29.5±9.7 versus 25.8±9.5 mm Hg; P=0.037).

Treatment Strategies for Severe AS
Aortic valve replacement was performed in 31 99mTc-
DPD+ and 260 99mTc-DPD-negative (DPD–) study par-
ticipants (91.1% versus 92.5%, baseline characteristics, 
see Table S4), and TAVI was the predominant treatment 

Figure 2.  Concomitant ATTR-CM in patients with severe AS.
Differences in clinical presentation between patients with isolated AS and patients with concomitant ATTR-CM referred for TAVR. 
AS indicates aortic stenosis; ATTR-CM, amyloid transthyretin cardiomyopathy; AVA, aortic valve area; HR, hazard ratio; LVEF, left 
ventricular ejection fraction; mGrad, mean aortic valve gradient; mPAP, mean pulmonary artery pressure; NT-proBNP, N-terminal pro-
B-type natriuretic peptide; TAVR, transcatheter aortic valve replacement; and Tc99, Technetium99.

mPAP 31 ± 10

Severe 
Aortic Stenosis

1:10 Patients 
Referred for TAVI

Diagnosis by Tc99 bone scintigraphy

Concomitant ATTR-CM does not affect 1-year 
all-cause death after TAVI

ECG

Echocardiography

Hemodynamics

ECG

Echocardiography

Hemodynamics

ATTR-CM & AS Isolated AS

Clinical parameters

Atrial fibrilla�on: 53% Atrial fibrilla�on: 35%

LA ↑↑↑

mPAP 26 ± 10

LA ↑

NT-proBNP Diure�cs NT-proBNP Diure�cs

Clinical parameters

LVEF    53%
AVA 0.8 cm2

mGrad 25 mm Hg

LVEF  59%
AVA   0.7 cm2
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modality, with similar rates for patients who were DPD+ 
and DPD– (88.2% [n=30] versus 85.1% [n=239]). The 
average time between preevaluation and TAVI did not 
differ between the groups [DPD+: 22.0 days (interquar-
tile range, 11.3–32.0); DPD–: 23.0 days (interquartile 
range, 15.0–31.0)]. One patient who was DPD+ under-
went surgical aortic valve replacement, compared with 
21 patients who were DPD− (2.9% versus 7.5%), while 
AS was managed conservatively in 2 patients who 
were DPD+ and 19 patients who were DPD− (5.9% 
versus 6.7%). Three patients died before any planned 
intervention (1 DPD+ [2.9%]; 2 DPD– [0.7%]).

Preoperative Hemodynamics in Patients 
Undergoing TAVI
Echocardiography

As seen in the overall cohort, among patients undergoing 
TAVI, LV ejection fraction (52.8±16.5% versus 58.7±11.1; 
P=0.011; Figure  2) and mean aortic valve gradient 
(25.4±12.3 mm Hg versus 37.3±15.6 mm Hg; P<0.001) were 
lower in patients who were DPD+ compared with patients 
who were DPD–, while aortic valve area was larger (0.8±0.4 
versus 0.7±0.3 cm2; P=0.002; Figure  2). Concomitant  
valvular pathologies were similar in both groups (Table 2).

Table 2.  Periprocedural Characteristics

All patients with TAVI DPD 0 DPD 1/2/3

P valueN=269 N=239 N=30

Invasive hemodynamic data before TAVI

Aortic valve mean gradient, mm Hg 38.3±15.9 39.5±15.8 27.7±12.4 <0.001

Aortic valve area, cm2 0.7±0.3 0.7±0.2 0.8±0.4 0.004

Stroke volume index, mL/m2 per beat 27.1±7.3 27.3±7.4 25.3±6.6 0.18

LV end-diastolic pressure 19.6±8.2 20.0±8.4 16.9±6.5 0.057

Pulmonary artery pressure, mean 26.5±9.7 26.0±9.6 30.5±9.7 0.019

Echocardiographic data before TAVI

Aortic valve area, cm2 0.7±0.3 0.7±0.3 0.8±0.4 0.002

Aortic valve mean gradient, mm Hg 36.0±15.7 37.3±15.6 25.4±12.3 <0.001

LV ejection fraction, % 58.0±11.9 58.7±11.1 52.8±16.5 0.011

LV mass, g 210.7±81.3 204.1±78.0 262.9±93.5 0.053

LV mass index, g/m2 115.0±36.3 113.7±35.5 126.6±43.8 0.35

Aortic regurgitation—moderate or severe 29 (16) 26 (16) 3 (16) 1.00

Mitral regurgitation—moderate or severe 48 (22) 42 (22) 6 (23) 1.00

Tricuspid regurgitation—moderate or severe 30 (16) 25 (15) 5 (22) 0.38

Pulmonary hypertension 28 (19) 22 (17) 6 (40) 0.077

TAVI procedure

Days between diagnosis and TAVI, median (IQR) 23.0 (15.0–31.0) 23.0 (15.0–31.0) 22.0 (11.3–32.0) 0.96

General anesthesia 19 (7) 16 (7) 3 (10) 0.45

Femoral main access 265 (99) 236 (99) 29 (97) 0.38

Valve type 0.101

Balloon-expandable 168 (62) 144 (60) 24 (80) 0.045

Self-expanding 97 (36) 91 (38) 6 (20) 0.068

Mechanically expanding 4 (1) 4 (2) 0 (0) 1.00

Echocardiographic data after TAVI

Aortic valve area, cm2 1.7±0.5 1.7±0.5 1.8±0.5 0.46

Aortic valve mean gradient, mm Hg 10.3±5.0 10.6±5.1 8.2±3.3 0.016

LV ejection fraction, % 58.3±10.8 59.1±10.2 52.6±13.0 0.002

LV mass, g 201.1±79.7 195.2±77.3 248.6±84.0 0.001

LV mass index, g/m2 112.0±41.6 109.2±41.7 134.1±33.2 0.004

Aortic regurgitation—moderate or severe 4 (1.5) 4 (1.7) 0 (0.0) 1.00

Mitral regurgitation—moderate or severe 28 (10.6) 26 (11.1) 2 (6.7) 0.75

Tricuspid regurgitation—moderate or severe 44 (16.6) 38 (16.2) 6 (20.0) 0.60

Pulmonary hypertension 25 (13.8) 18 (11.3) 7 (31.8) 0.017

Depicted are means with SD or counts with percentages. DPD indicates 3,3-diphosphono-1,2-propanodicarboxylic acid; IQR, interquartile range; LV, left 
ventricular; and TAVI, transcatheter aortic valve implantation.
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Invasive Hemodynamics

In patients who were DPD+ undergoing TAVI, mean aortic 
valve gradient was lower, with 27.7±12.4 mm Hg, and aor-
tic valve area higher, at 0.8±0.4 cm2, compared with study 
participants who were DPD– (39.5±15.8 mm Hg; P<0.001; 
and 0.7±0.2 cm2 [P=0.004], respectively; Figure 2). While 
stroke volume index was numerically lower in patients 
who were DPD+, invasive measurements were not signifi-
cantly different. Yet concomitant cardiac amyloidosis re-
sulted in significantly elevated pulmonary artery pressures 
compared with patients with isolated AS (30.5±9.7 mm Hg 
versus 26.0±9.6 mm Hg; P=0.019; Table 2; Figure 2).

Periprocedural Characteristics and 
Complications

TAVI was performed under general anesthesia in 3 
patients who were DPD+ and 16 patients who were 
DPD– (10% versus 7%; P=0.45; Table 2), and femo-
ral access was employed in most patients (DPD+, 
97% [n=29]; DPD–, 99% [n=236]; P=0.38). Balloon-
expandable aortic valve prostheses were more often 
used in patients with 99mTc-DPD uptake (80% [n=24] 
versus 60% [n=144]; P=0.045), while self-expanding 
valves were implanted at a higher rate in patients who 
were DPD– (38% versus 20%; P=0.068; Table 2).

Perioperative complications were rare in both 
groups (Table 3). Access site complications, paraval-
vular aortic regurgitation, conduction disease requiring 
pacemaker implantation, acute kidney injury, and rates 
of in-hospital death were similar between patients who 
were DPD+ and patients who were DPD– (Table 3).

Early Procedural Success and 30-Day Outcomes

Mean transvalvular gradients were reduced after TAVI 
in both groups and remained lower in patients who 
were DPD+ (8.2±3.3 mm Hg versus 10.6±5.1 mm Hg; 
P=0.016; Table  2), also reflecting the lower LV ejec-
tion fraction in these patients (52.6±13.0% versus 
59.1±10.2; P=0.002). TAVI reduced the prevalence of 
mitral regurgitation irrespective of 99mTc-DPD uptake 
(DPD+, from 23% [n=6] to 6.7% [n=2]; DPD–, from 22% 
[n=42] to 11.1% [n=26]), while pulmonary hypertension 
was more common in patients who were DPD+ (31.8% 
[n=7] versus 11.3% [n=18]; P=0.017; Table 2).

At 30 days, clinical event rates and the rate of post-
TAVI pacemaker requirement remained low in both 
groups, with similar outcomes between patients with 
isolated AS and patients with concomitant cardiac am-
yloidosis (Table 3).

Clinical Outcomes at 1 Year
At 1-year follow-up, all-cause and cardiovascular 
death were not affected by 99mTc-DPD uptake (DPD 

1–3 versus DPD 0) or concomitant cardiac amyloido-
sis (DPD ≥2 versus DPD ≤1) (Figures 2 and 3, Table 3). 
In patients undergoing TAVI, all-cause death at 1 year 
was 13.9% in patients who were DPD+ compared with 
13.3% in patients who were DPD– (HR, 1.04 [95% CI, 
0.37–2.96]; P=0.94), and cardiovascular death was 
13.9% compared with 8.8%, respectively (HR, 1.62 
[95% CI, 0.55–4.74]; P=0.38; Table 3). When compar-
ing patients with cardiac transthyretin amyloidosis and 
patients in whom the diagnosis was excluded or not 
possible (DPD ≤1), all-cause death was also not signifi-
cantly different (HR, 1.25 [95% CI, 0.44–3.54]; P=0.68). 
Similarly, death was not affected by 99mTc-DPD uptake 
when including patients managed by either surgical 
aortic valve replacement or optimal medical treatment 
only (HR, 1.12 [95% CI, 0.44–2.86]; P=0.81).

Late-onset (>30 days after TAVI), higher-grade con-
duction disease was observed in a study participant 
who was DPD–. The requirement for pacemaker im-
plantation was not affected by DPD– status 12 months 
after TAVI (23.3% [n=7] versus 17.3% [n=41]; HR, 1.5 
[95% CI, 0.67–3.34]; P=0.32; Table 3).

DISCUSSION
In the current study, we prospectively screened the larg-
est single-center cohort of elderly patients with AS for 
concomitant ATTR-CM. Regarding the prevalence of 
99mTc-DPD uptake (34 of 315 patients; 10.8%, Perugini 
≥2: 30 of 315 [9.5%]), our findings are in line with previ-
ous reports.5,6 While ATTR-CM is predominantly diag-
nosed in men,17,18 some screening studies suggested 
a similar sex distribution in patients undergoing TAVI.5,6 
In our patient cohort, 4 of 5 cases of ATTR-CM were 
found in men. Differences within the literature may be 
partly explained by the fact that men were more likely 
to participate in study procedures, with regional differ-
ences in the recruited study populations, and a more 
pronounced healthier volunteer effect in women.

Advanced age, increased NT-proBNP levels, and the 
need for loop diuretics were associated with 99mTc-DPD 
uptake and ATTR-CM. Echocardiography and invasive 
hemodynamics further allowed to discern patients with 
isolated AS from those with both pathologies. Compatible 
with an underlying cardiomyopathy, LV ejection fraction 
and mean aortic valve gradients were lower in patients 
who were DPD+ (P<0.001 for both), while pulmonary hy-
pertension was more common (P=0.037). Increased LV 
wall thickness and LV mass index (P<0.001), presence of 
higher-grade diastolic dysfunction (≥II°, 71% versus 24%; 
P=0.001), and progressive left atrial dilatation (P=0.036) 
were also markers of concomitant ATTR-CM.

Irrespective of the presence of cardiac amyloid 
depositions, patients with symptomatic, severe AS 
benefit from TAVI,6 and a similar proportion of study 
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participants irrespective of 99mTc-DPD scintigraphy 
status underwent aortic valve replacement (DPD+, 
91.1%; DPD–, 92.5%). Increased age likely contributed 
to a higher rate of TAVI in patients who were DPD+ 
(88.2% [n=30] versus 85.1% [n=239]) and lesser re-
ferral for surgical aortic valve replacement (2.9% [n=1] 
versus 7.5% [n=21]). All-cause and cardiovascular 
death were not affected by 99mTc-DPD uptake or con-
comitant ATTR-CM at 12 months (Figure  3, Table  3; 
P>0.05 for all end points).

An important argument for identifying TAVI candi-
dates with underlying ATTR-CM may be the hypothetical 
higher risk for permanent pacemaker implantation after 
TAVI,19,20 particularly in light of the potential for adverse 
LV remodeling and aggravation of heart failure owing 
to unphysiological right ventricular pacing.21 Yet in our 
study, 99mTc-DPD uptake was neither associated with 

baseline prevalence of conduction abnormalities nor 
rates of permanent pacemaker implantation after TAVI.

Screening of all patients undergoing TAVI for 
ATTR-CM is not feasible and may also not improve 
outcomes in an aging patient population with comor-
bidities and competing risks of death. It has been 
proposed that patients with dual pathology have a 
milder or less advanced form of ATTR-CM22 and that 
aortic valve replacement also reverses LV remodeling 
in patients with concomitant ATTR-CM,23 albeit to a 
lesser degree. With similar rates of death up to 3 years 
after TAVI,6,18 it remains uncertain whether ATTR-CM–
targeting therapies may confer additional benefit in el-
derly patients primarily referred for TAVI.

To date, it remains unknown how ATTR-CM and 
AS are linked. Amyloid depositions have routinely been 
found in elderly patients with severe calcific AS24,25 

Table 3.  Adjudicated Outcomes After TAVI

DPD 0 DPD 1/2/3

Hazard ratio (95% CI) P valueN=239 N=30

Outcomes at 30 day

Death 7 (2.9) 0 (0.0) 0.52 (0.03–8.88) 1.00

Cardiovascular death 5 (2.1) 0 (0.0) 0.71 (0.04–12.53) 1.00

Cerebrovascular accident 10 (4.2) 0 (0.0) 0.37 (0.02–6.16) 0.61

Stroke, any 8 (3.4) 0 (0.0) 0.46 (0.03–7.77) 0.60

Disabling stroke 5 (2.1) 0 (0.0) 0.71 (0.04–12.53) 1.00

Myocardial infarction 2 (0.8) 0 (0.0) 1.57 (0.08–31.94) 1.00

Bleeding 34 (14.3) 2 (6.7) 0.45 (0.11–1.88) 0.28

Life-threatening or major bleeding 30 (12.6) 1 (3.3) 0.26 (0.03–1.88) 0.18

Vascular access site and access-related 
complications

31 (13.0) 2 (6.7) 0.50 (0.12–2.09) 0.34

Major vascular complication 24 (10.1) 1 (3.3) 0.32 (0.04–2.40) 0.27

Acute kidney injury 7 (2.9) 0 (0.0) 0.52 (0.03–8.88) 1.00

Stage 3 3 (1.3) 0 (0.0) 1.12 (0.06–21.17) 1.00

Stage 2 4 (1.7) 0 (0.0) 0.87 (0.05–15.77) 1.00

Stage 1 0 (0.0) 0 (0.0)

Pacemaker implantation 40 (16.8) 7 (23.3) 1.54 (0.69–3.43) 0.29

Outcomes at 12 months

Mortality 31 (13.3) 4 (13.9) 1.04 (0.37–2.96) 0.94

Cardiovascular death 20 (8.8) 4 (13.9) 1.62 (0.55–4.74) 0.38

Cerebrovascular accident 16 (7.0) 0 (0.0) 0.24 (0.01–3.90) 0.23

Stroke, any 11 (4.7) 0 (0.0) 0.34 (0.02–5.63) 0.62

Disabling stroke 6 (2.5) 0 (0.0) 0.60 (0.03–10.39) 1.00

Myocardial infarction 4 (1.8) 0 (0.0) 0.87 (0.05–15.77) 1.00

Bleeding 43 (18.3) 2 (6.7) 0.35 (0.09–1.46) 0.15

Life-threatening or major bleeding 37 (15.7) 1 (3.3) 0.21 (0.03–1.50) 0.12

Vascular access site and access-related 
complications

32 (13.4) 2 (6.7) 0.48 (0.12–2.02) 0.32

Major vascular complication 26 (10.9) 1 (3.3) 0.30 (0.04–2.20) 0.24

Permanent pacemaker implantation 41 (17.3) 7 (23.3) 1.50 (0.67–3.34) 0.32

Depicted are number of events counting only the first occurrence per patient (% Kaplan–Meier failure estimates). Hazard ratios (95% CIs from Cox regressions). 
Continuity corrected risk ratios (95% CIs) with Fisher’s exact P value in case of 0 events in 1 group. DPD indicates 3,3-diphosphono-1,2-propanodicarboxylic acid.
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but also in younger patients with rheumatic heart dis-
ease.26 With novel techniques to identify amyloid pre-
cursor proteins, there is an opportunity to determine 
whether ATTR-CM and AS, at least in part, share a 
pathophysiological pathway and whether amyloid 
deposition in AS may contribute to the progression or 
calcification of valvular stenoses.

The present study needs to be interpreted in light of 
the following potential limitations: This study was an un-
blinded, single-center, observational study, and we are 
unable to exclude (referral/selection) bias and healthy 
volunteer effect. Indeed, this study was performed 
during the COVID-19 pandemic, and we were not able 
to recruit consecutive patients in part due to hospital 
restrictions. Two patients with 99mTc-DPD uptake and 
presence of a monoclonal immunoglobulin declined 
additional testing to formally rule out light chain amy-
loidosis; the clinical course was favorable, suggesting 
ATTR-CM. ATTR-CM remains an underdiagnosed and, 
in combination with AS, rare and underreported condi-
tion. Low event rates of periprocedural complications 
do not allow adequately powered statistical analysis 
for all complications at all time points. The wide CIs 
should inform the readers about the high uncertainty 
that remains regarding periprocedural complications 
in this patient population. Yet low absolute event rates 
in patients who are DPD+ are reassuring, suggesting 
that TAVR may be performed with an acceptable level 

of risk. For future studies, Bayesian credible intervals 
have been added to 1-year adjudicated outcomes (see 
Table S5). Concomitant ATTR-CM may particularly in-
fluence cardiovascular hospitalizations. However, a na-
tionwide linkage of routine health care data that allows 
assessment of this more subjective end point was not 
available, and it thus remains unclear whether dual pa-
thology or 99mTc-DPD uptake may increase hospitaliza-
tions in our cohort. Some baseline characteristics that 
may determine TAVI procedural success (eg, frailty, LV 
outflow tract calcification) were not routinely collected, 
and thus their effect on clinical outcomes cannot be 
assessed.

CONCLUSIONS
Concomitant ATTR-CM is common in elderly patients 
with symptomatic, severe AS referred for evaluation of 
TAVI. Echocardiography and invasive hemodynamics 
contribute to identifying patients with both pathologies. 
Concomitant ATTR-CM did not impact periprocedural 
adverse events or death throughout 1 year in patients 
undergoing TAVI.

ARTICLE INFORMATION
Received March 20, 2023; accepted June 22, 2023.

Figure 3.  Kaplan–Meier curves for all-cause death.
A, Overall patient cohort; B, patients undergoing TAVI. DPD indicates 3,3-diphosphono-1,2-propanodicarboxylic acid; HR, hazard 
ratio; and TAVI, transcatheter aortic valve implantation.
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TABLE S1.     BASELINE CHARACTERISTICS IN PATIENTS WITH DIFFERENTIAL DPD TRACER UPTAKE 
  All patients DPD 0 DPD 1 DPD 2/3 p-value 

  N = 315 N = 281 N = 4 N = 30   
            

Age (years) 83.1 ± 4.7 82.8 ± 4.5 86.3 ± 6.1 85.6 ± 4.9 0.002 
Female 125 (39.7%) 119 (42.3%) 1 (25.0%) 5 (16.7%) 0.02 
Body mass index (kg/cm²) 27.1 ± 6.0 27.0 ± 5.8 29.1 ± 12.1 27.2 ± 6.6 0.78 
STS Calculated risk of mortality 4.3 ± 3.5 4.2 ± 3.5 4.1 ± 2.4 5.2 ± 3.7 0.39 
Clinical features           

Arterial hypertension 278 (88.3%) 246 (87.5%) 4 (100.0%) 28 (93.3%) 0.49 
Diabetes mellitus 95 (30.2%) 88 (31.3%) 1 (25.0%) 6 (20.0%) 0.43 
Dyslipidemia 186 (69.1%) 163 (68.2%) 3 (75.0%) 20 (76.9%) 0.64 
Renal failure (GFR<60ml/min/1.73m²) 193 (61.3%) 169 (60.1%) 3 (75.0%) 21 (70.0%) 0.49 
COPD 19 (7.1%) 18 (7.5%) 0 (0.0%) 1 (3.8%) 0.67 
Atrial fibrillation 116 (36.8%) 98 (34.9%) 3 (75.0%) 15 (50.0%) 0.074 

Previous history           
Coronary artery disease  134 (42.5%) 117 (41.6%) 1 (25.0%) 16 (53.3%) 0.36 
History of CABG 24 (7.6%) 21 (7.5%) 1 (25.0%) 2 (6.7%) 0.41 
History of MI 25 (9.3%) 22 (9.2%) 0 (0.0%) 3 (11.5%) 0.75 
History of cerebrovascular accident 45 (14.3%) 39 (13.9%) 1 (25.0%) 5 (16.7%) 0.76 
Peripheral artery disease 41 (13.0%) 36 (12.8%) 0 (0.0%) 5 (16.7%) 0.62 
Previous pacemaker 24 (7.6%) 20 (7.1%) 0 (0.0%) 4 (13.3%) 0.40 
Cancer 70 (22.2%) 65 (23.1%) 0 (0.0%) 5 (16.7%) 0.40 

ATTR - specific characteristics           
Carpal tunnel surgery 18 (5.7%) 12 (4.3%) 1 (25.0%) 5 (16.7%) 0.005 
         If yes, both-sided 10 (3.2%) 5 (1.8%) 1 (25.0%) 4 (13.3%) <0.001 
Polyneuropathy 12 (3.8%) 10 (3.6%) 0 (0.0%) 2 (6.9%) 0.62 
Spinal stenosis 23 (7.3%) 19 (6.8%) 0 (0.0%) 4 (13.3%) 0.36 

   Serum gel electrophoresis      

        performed 45 (14.3%) 16 (5.7%) 4 (100.0%) 25 (83.3%) <0.001 
        pathologic finding 7 (15.6%) 3 (18.8%) 1 (25.0%) 3 (12.0%) 0.73 

   Genetic testing of Transthyretin (TTR)           
        performed 24 (7.6%) 0 (0.0%) 4 (100.0%) 20 (66.7%) <0.001 
        Wild-type 23 (95.8%) 0 (0.0%) 4 (100.0%) 19 (95.0%) 1.00 

Medication           
ACE-I 88 (27.9%) 77 (27.4%) 1 (25.0%) 10 (33.3%) 0.78 
ARB 103 (32.7%) 93 (33.1%) 2 (50.0%) 8 (26.7%) 0.59 
Sacubitril/valsartan 2 (0.6%) 1 (0.4%) 0 (0.0%) 1 (3.3%) 0.15 
MRA 39 (12.4%) 31 (11.0%) 1 (25.0%) 7 (23.3%) 0.11 
SGLT2i 12 (3.8%) 11 (3.9%) 0 (0.0%) 1 (3.3%) 0.91 
Beta-blocker 158 (50.2%) 138 (49.1%) 3 (75.0%) 17 (56.7%) 0.445 
Ca-antagonist 75 (23.8%) 69 (24.6%) 0 (0.0%) 6 (20.0%) 0.456 
Loop diuretics 190 (60.3%) 163 (58.0%) 4 (100.0%) 23 (76.7%) 0.037 
   Furosemide 3 (1.0%) 2 (0.7%) 0 (0.0%) 1 (3.3%) 0.37 
   Torasemide 140 (44.4%) 117 (41.6%) 2 (50.0%) 21 (70.0%) 0.012 

Metolazone 12 (3.8%) 10 (3.6%) 0 (0.0%) 2 (6.7%) 0.65 
Other diuretics 59 (18.7%) 56 (19.9%) 2 (50.0%) 1 (3.3%) 0.023 

Laboratory markers           
eGFR (ml/min) 61.7 ± 19.4 62.1 ± 19.5 61.5 ± 9.7 57.2 ± 19.3 0.42 
peak Troponin-T-hs (ng/L) 52.3 ± 282.9 52.3 ± 299.0 26.8 ± 14.9 55.4 ± 37.3 0.98 

NT-proBNP (pg/mL) 
2820.1 ± 
4001.2 

2522.0 ± 
3851.1 

2297.8 ± 
1680.4 

5317.7 ± 4605.1 0.002 

            

Depicted are means with standard deviations (±SD), or counts with percentages (%). P-value from chisquare test (counts) or ANOVA F-
test across all three groups. CABG: Coronary artery bypass grafting. MI: Myocardial infarction. Ca-antagonist: Calcium channel blocker. 
eGFR: estimated glomerular filtration rate. 

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 16, 2023



TABLE S2.     ECG, ECHOCARDIOGRAPHY AND HEMODYNAMICS 
  All patients DPD 0 DPD 1/2/3 p-value 

  N = 315 N = 281 N = 34   

ECG         
Paced rhythm 15 (5%) 12 (4%) 3 (9%) 0.21 
Atrial fibrillation 69 (22%) 56 (20%) 13 (39%) 0.024 
Low-voltage 24 (8%) 19 (7%) 5 (15%) 0.16 
Discordance QRS voltage and LV wall thickness 45 (15%) 31 (12%) 14 (42%) <0.001 
Conduction disease 143 (46%) 124 (44%) 19 (56%) 0.27 
   AV-Block I° 64 (20%) 54 (19%) 10 (29%) 0.18 
   AV-Block II or III° 4 (1%) 4 (1%) 0 (0%) 1.00 
   LAFB 58 (19%) 49 (18%) 9 (26%) 0.24 
   LPFB 1 (0%) 1 (0%) 0 (0%) 1.00 
   LBBB 20 (6%) 18 (6%) 2 (6%) 1.00 
   RBBB 32 (10%) 28 (10%) 4 (12%) 0.76 

Echocardiography         
Aortic Valve Area (cm²) 0.8 ± 0.2 0.8 ± 0.2 0.9 ± 0.3 0.095 
Aortic Valve Mean Gradient (mmHg) 37.3 ± 15.7 38.6 ± 15.5 26.6 ± 12.5 <0.001 
LVEF (%) 57.4 ± 11.4 58.4 ± 10.8 48.8 ± 12.8 <0.001 
Low-flow (%) 71 (55%) 53 (49%) 18 (86%) 0.002 
Mitral regurgitation         

II° 39 (17%) 31 (16%) 8 (30%) 0.10 
III° 5 (2%) 5 (3%) 0 (0%) 1.00 

Tricuspid regurgitation         
II° 26 (14%) 20 (12%) 6 (23%) 0.13 
III° 13 (7%) 10 (6%) 3 (12%) 0.39 

Diastolic dysfunction (%)         
   I° (%) 105 (71%) 101 (76%) 4 (29%) 0.001 
   ≥ II°(%) 42 (29%) 32 (24%) 10 (71%) 0.001 
Maximum wall thickness (mm) 13.1 ± 2.7 12.8 ± 2.5 15.5 ± 3.0 <0.001 
LV mass indexed (g/m2) 120.7 ± 37.1 117.2 ± 34.4 144.4 ± 45.8 <0.001 
Left atrial end-systolic volume (biplan), indexed (ml/m2) 48.6 ± 18.7 47.3 ± 18.7 57.7 ± 16.3 0.036 

Invasive Hemodynamics         
Aortic valve mean gradient (mmHg) 34.2 ± 16.6 35.5 ± 16.6 23.4 ± 12.6 <0.001 
Aortic valve area - Gorlin (cm2) 0.7 ± 0.3 0.7 ± 0.3 0.9 ± 0.5 <0.001 
Left ventricular end-diastolic pressure (mmHg) 19.6 ± 8.3 19.9 ± 8.5 17.0 ± 6.5 0.069 
Pulmonary artery pressure - mean (mmHg) 26.2 ± 9.6 25.8 ± 9.5 29.5 ± 9.7 0.037 

          

Depicted are means with standard deviations (±SD), or counts with percentages (%). LAFB: Left anterior fascicular block. LPFB: Left posterior fascicular block. LBBB: Left bundle 
branch block. RBBB: Right bundle branch block.  
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TABLE S3.     ECG, ECHO AND HEMODYNAMICS IN PATIENTS WITH DIFFERENTIAL DPD TRACER UPTAKE 
  All patients DPD 0 DPD 1 DPD 2/3 p-value 

  N = 315 N = 281 N = 4 N = 30   
            

ECG           
Paced rhythm 15 (5%) 12 (4%) 0 (0%) 3 (10%) 0.339 
Atrial fibrillation 69 (22%) 56 (20%) 2 (50%) 11 (38%) 0.035 
Low-voltage 24 (8%) 19 (7%) 0 (0%) 5 (17%) 0.132 
Discordance QRS voltage and LV wall thickness 45 (15%) 31 (12%) 0 (0%) 14 (48%) <0.001 
Conduction disease 143 (46%) 124 (44%) 2 (50%) 17 (57%) 0.436 
   AV-Block I° 64 (20%) 54 (19%) 2 (50%) 8 (27%) 0.216 
   AV-Block II or III° 4 (1%) 4 (1%) 0 (0%) 0 (0%) 0.781 
   LAFB 58 (19%) 49 (18%) 1 (25%) 8 (27%) 0.449 
   LPFB 1 (0%) 1 (0%) 0 (0%) 0 (0%) 0.941 
   LBBB 20 (6%) 18 (6%) 1 (25%) 1 (3%) 0.248 
   RBBB 32 (10%) 28 (10%) 0 (0%) 4 (13%) 0.676 

Echocardiography           
Aortic Valve Area (cm²) 0.8 ± 0.2 0.8 ± 0.2 0.9 ± 0.2 0.9 ± 0.3 0.233 
Aortic Valve Mean Gradient (mmHg) 37.3 ± 15.7 38.6 ± 15.5 28.8 ± 16.9 26.3 ± 12.1 <0.001 
LVEF (%) 57.4 ± 11.4 58.4 ± 10.8 47.0 ± 21.5 49.0 ± 11.7 <0.001 
Low-flow (%) 71 (55%) 53 (49%) 1 (100%)  17 (85%) 0.007 
Mitral regurgitation         0.437 

II° 39 (17%) 31 (16%) 0   (0%) 8 (33%) 0.073 
III° 5 (2%) 5 (3%) 0   (0%) 0 (0%) 0.704 

Tricuspid regurgitation         0.182 
II° 26 (14%) 20 (12%) 0   (0%) 6 (26%) 0.147 
III° 13 (7%) 10 (6%) 0   (0%) 3 (13%) 0.412 

Diastolic dysfunction (%) 173 (98%) 156 (98%) 1 (100%) 16 (100%) 0.849 
    I° 105 (71%) 101 (76%) 0 (0%) 4 (31%) 0.001 
   ≥ II° (%) 42 (29%) 32 (24%) 1 (100%) 9 (69%) 0.001 
Maximum wall thickness (mm) 13.1 ±  2.7 12.8 ± 2.5 11.5 ± 0.7 15.8 ± 2.9 <0.001 
LV mass indexed (g/m2) 120.7 ± 37.1 117.2 ± 34.4 141.5 ± 37.5 144.7 ± 47.0 0.001 
Left atrial end-systolic volume (biplan), indexed (ml/m2) 48.6 ± 18.7 47.3 ± 18.7 76.0 56.5 ± 16.1 0.066 

Invasive Hemodynamics           
Aortic Valve Mean Gradient (mmHg) 34.2 ± 16.6 35.5 ± 16.6 28.0 ± 18.7 22.7 ± 11.9 <0.001 
Aortic valve area - Gorlin (cm2) 0.7 ± 0.3 0.7 ± 0.3 0.7 ± 0.1 0.9 ± 0.6 0.001 
Left ventricular end-diastolic pressure (mmHg) 19.6 ± 8.3 19.9 ± 8.5 18.3 ± 6.2 16.8 ± 6.6 0.182 
Pulmonary artery pressure - mean (mmHg) 26.2 ± 9.6 25.8 ± 9.5 28.5 ± 7.1 29.6 ± 10.1 0.112 

            

Depicted are means with standard deviations (±SD), or counts with percentages (%).  
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TABLE S4.     BASELINE CLINICAL CHARACTERISTICS FOR PATIENTS UNDERGOING TAVI 

  
All patients with  

TAVI 
DPD 0 DPD 1/2/3 p-value 

  N = 269 N = 239 N = 30   
          

Age (years) 83.5 ± 4.6 83.2 ± 4.4 86.1 ± 5.0 0.001 
Female 111 (41.3%) 105 (43.9%) 6 (20.0%) 0.017 
Body mass index (kg/cm²) 27.1 ± 6.0 27.0 ± 5.8 27.4 ± 7.3 0.71 
STS Calculated risk of mortality 4.3 ± 3.5 4.2 ± 3.5 5.1 ± 3.6 0.21 
Clinical features         

Arterial hypertension 245 (91.1%) 216 (90.4%) 29 (96.7%) 0.49 
Diabetes mellitus 78 (29.0%) 72 (30.1%) 6 (20.0%) 0.29 
Dyslipidemia 186 (69.1%) 163 (68.2%) 23 (76.7%) 0.41 
Renal failure (GFR<60ml/min/1.73m²) 176 (65.4%) 154 (64.4%) 22 (73.3%) 0.42 
COPD 19 (7.1%) 18 (7.5%) 1 (3.3%) 0.71 
History of atrial fibrillation 111 (41.3%) 94 (39.3%) 17 (56.7%) 0.078 

Past medical history         
Coronary artery disease 120 (44.6%) 104 (43.5%) 16 (53.3%) 0.34 
History of CABG 21 (7.8%) 18 (7.5%) 3 (10.0%) 0.72 
History of MI 25 (9.3%) 22 (9.2%) 3 (10.0%) 0.75 
History of cerebrovascular accident 42 (15.6%) 36 (15.1%) 6 (20.0%) 0.44 
Peripheral artery disease 30 (11.2%) 25 (10.5%) 5 (16.7%) 0.35 
Previous pacemaker 21 (7.8%) 18 (7.5%) 3 (10.0%) 0.72 
Cancer 65 (24.2%) 60 (25.1%) 5 (16.7%) 0.37 

ATTR - specific characteristics         
Carpal tunnel surgery 16 (5.9%) 10 (4.2%) 6 (20.0%) 0.004 
         If yes, both-sided 9 (3.3%) 4 (1.7%) 5 (16.7%) 0.001 
Polyneuropathy 10 (3.7%) 8 (3.3%) 2 (6.9%) 0.30 
Spinal stenosis 19 (7.1%) 17 (7.1%) 2 (6.7%) 1.00 
Serum gel electrophoresis         
        performed 37 (13.8%) 11 (4.6%) 26 (86.7%) <0.001 
        pathologic finding 6 (16.2%) 2 (18.2%) 4 (15.4%) 1.00 
Genetic testing of Transthyretin (TTR)         
       performed 22 (8.2%) 0 (0.0%) 22 (73.3%) <0.001 
       Wild-type 21 (95.5%)   21 (95.5%)   

Medication         
ACE-I 77 (28.6%) 67 (28.0%) 10 (33.3%) 0.53 
ARB 86 (32.0%) 77 (32.2%) 9 (30.0%) 1.00 
Sacubitril/valsartan 1 (0.4%) 1 (0.4%) 0 (0.0%) 1.00 
MRA 29 (10.8%) 22 (9.2%) 7 (23.3%) 0.028 
SGLT2i 10 (3.7%) 9 (3.8%) 1 (3.3%) 1.00 
Beta-blocker 139 (51.7%) 121 (50.6%) 18 (60.0%) 0.44 
Ca-antagonist 64 (23.8%) 60 (25.1%) 4 (13.3%) 0.18 
Loop diuretics 167 (62.1%) 143 (59.8%) 24 (80.0%) 0.044 
   Furosemide 3 (1.1%) 2 (0.8%) 1 (3.3%) 0.30 
   Torasemide 125 (46.5%) 105 (43.9%) 20 (66.7%) 0.021 

Metolazone 12 (4.5%) 10 (4.2%) 2 (6.7%) 0.63 
Other diuretics 50 (18.6%) 47 (19.7%) 3 (10.0%) 0.32 

Laboratory markers         
eGFR (ml/min) 61.1 ± 19.6 61.4 ± 19.8 58.5 ± 18.2 0.45 
peak Troponin-T-hs (ng/L) 56.1 ± 305.5 57.0 ± 323.5 48.6 ± 29.8 0.89 
NT-proBNP (pg/mL) 2650.0 ± 3523.8 2334.7 ± 3224.2 5139.3 ± 4699.8 <0.001 

          

Depicted are means with standard deviations (±SD), or counts with percentages (%). P-value from chi-square test (counts) or 
ANOVA F-test across all three groups. CABG: Coronary artery bypass grafting. MI: Myocardial infarction. Ca-antagonist: Calcium 
channel blocker. eGFR: estimated glomerular filtration rate. 
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Table S5.     ADJUDICATED 1-YEAR OUTCOMES AFTER TAVI WITH BAYES CREDIBLE INTERVALS 

  DPD 0 DPD 1/2/3 Bayesian estimate  

      Hazard Ratio  

  N = 239 N = 30 (95% CredibIe interval) 
    

Mortality 31 (13.3) 4 (13.9) 1.05 (0.25-2.27) 

Cardiovascular Mortality 20 (8.8) 4 (13.9) 1.71 (0.48-4.19) 

Bleeding 43 (18.3) 2 (6.7) 0.35 (0.05-0.97) 

Life Threatening or Major Bleeding 37 (15.7) 1 (3.3) 0.20 (0.00-0.73) 

Vascular Access Site and Access Related 
Complications 

32 (13.4) 2 (6.7) 0.49 (0.07-1.41) 

Major Vascular Complications 26 (10.9) 1 (3.3) 0.31 (0.01-1.20) 

Pacemaker implantation 41 (17.3) 7 (23.3) 1.54 (0.62-3.01) 
    

Depicted are nr of events counting only the first occurrence per patient (% Kaplan-Meier failure estimates). Hazard ratios (95% 
credible intervals from Bayesian Weibull regressions (uninformative prior of 10000 and burn-in of 5000 simulations), 10000 MCMC 
with Random-walk Metropolis–Hastings sampling. 
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