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Abstract
Background  Currently, simple clinical parameters indicating disease progression are lacking in patients with transthyretin 
amyloid cardiomyopathy (ATTR-CM). This study aimed to evaluate the prognostic value of outpatient diuretic intensifica-
tion (ODI) in ATTR-CM patients.
Methods  This retrospective study examined ATTR-CM patients at a tertiary care center between August 1, 2020, and June 
30, 2023. ODI was defined as any loop diuretic increase within 6 months after baseline visit, and its impact on all-cause 
mortality and hospitalization for heart failure (HF) was analyzed.
Results  Altogether, 182 patients were included (median age 80 [76; 84] years; 88% male), and 25% experienced ODI 
(median increase 10 [10; 40] mg furosemide equivalent). Independent predictors of ODI were higher baseline New York 
Heart Association (NYHA) class and polyneuropathy. Both any ODI and the magnitude of furosemide equivalent increase 
were significantly associated with mortality and HF hospitalization during a median follow-up of 17 months. After adjusting 
for baseline NYHA class and National Amyloidosis Centre stage, significantly increased risk of all-cause mortality (hazard 
ratio [HR] 2.38, 95% confidence interval [CI] 1.03–5.53; p = 0.043) and HF hospitalization (HR 3.27, 95% CI 1.41–7.60; 
p = 0.006) persisted in patients with ODI. Its prognostic value was similar in strata of age, ATTR subtype, previous cardiac 
decompensation, biomarkers, left ventricular ejection fraction, six-minute walk distance, and tafamidis treatment.
Conclusion  ODI occurred in one in four ATTR-CM patients within 6 months and was associated with more severe baseline 
amyloid organ manifestations. ODI and the magnitude of diuretic dose increase provide easily assessable clinical markers 
of disease progression in patient monitoring.

Graphical abstract
A total of 182 patients diagnosed with transthyretin amyloidosis cardiomyopathy (ATTR-CM) were analyzed for an increase 
in loop diuretic dosage within the first 6 months after the baseline visit. Twenty-five percent of the cohort experienced out-
patient diuretic intensification (ODI), with independent predictors being dyspnea in higher New York Heart Association 
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(NYHA) class and polyneuropathy (PNP). ODI was significantly associated with all-cause mortality, and its prognostic value 
remained consistent across various risk factors

Keywords  Cardiac transthyretin amyloidosis · Risk stratification · Prognosis · Outpatient diuretic intensification · 
Cardiomyopathy

Introduction

Transthyretin amyloid cardiomyopathy (ATTR-CM) is a pro-
gressive disease characterized by the extracellular deposition 
of misfolded transthyretin amyloid fibrils [1]. Once consid-
ered a rare disease, ATTR-CM is a relevant cause of heart 
failure (HF) comprising more than 10% in elderly patients 
with myocardial thickening and preserved ejection fraction 
[2, 3].

The development of drugs with disease-modifying effects 
in ATTR-CM [4, 5] prompted the need to refine risk strati-
fication and monitoring of disease progression in patients 
with ATTR-CM as a basis for individualized management 
and treatment decisions. An expert consensus statement of 
the European Society of Cardiology (ESC) on monitoring 
of ATTR-CM recommends routine assessments of clinical 
parameters, biomarkers, and cardiac imaging reflecting HF 
severity [6, 7]. However, cut-offs of such parameters defin-
ing disease progression are unclear and prognostic impact 
remains uncertain [8]. Even more important from the practi-
cal point of view, serial cardiac imaging requires significant 
time and resources, and interpreting cardiac biomarkers such 
as N-terminal pro-brain natriuretic peptide (NTproBNP) can 
be complex due to interference with comorbidities [7, 9, 
10]. Therefore, there is a need for easily assessable clinical 

parameters to monitor disease progression and related risk 
in ATTR-CM.

Outpatient diuretic intensification (ODI) due to signs of 
congestion has recently gained much attention in the context 
of the “worsening HF” concept [11]. Importantly, ODI is 
more common than HF hospitalizations and is independently 
associated with cardiovascular death and hospitalization in 
general HF patients [12, 13]. The purpose of this study was 
to investigate the frequency, predictors, and clinical signifi-
cance of ODI in contemporary patients with ATTR-CM. We 
hypothesized that ODI could provide significant prognostic 
value to treating physicians.

Methods

Study population

In this single-center, retrospective observational study, we 
included consecutive patients who presented to the cardiol-
ogy department of a tertiary care center for the first time 
with ATTR-CM between August 1, 2020, and June 30, 2023. 
The first diagnosis of cardiac amyloidosis could have been 
made before introduction to our center, but the date of the 
initial visit to our department was considered as baseline. 



Clinical Research in Cardiology	

The diagnosis of ATTR-CM was made in accordance to the 
recommendations of the ESC cardiac amyloidosis working 
group and the 2023 ESC Guidelines for the Management of 
Cardiomyopathies [14, 15].

Exclusion criteria were missing data on the exposure 
variable (loop diuretic dose at baseline or during the first 
six months after the initial visit), as well as death within 
the exposure period of the first 6 months (Online Resource 
1). All analyses were performed using anonymized data 
obtained with informed consent from all participants.

Data collection

Clinical baseline and follow-up data, including demograph-
ics, comorbidities, biomarkers, concomitant medication, 
imaging and other diagnostic results, were systematically 
collected from routine assessments. The United Kingdom 
National Amyloidosis Centre (UK-NAC) and the Mayo 
risk models for ATTR-CM were calculated as reported [7, 
16]. Transthoracic echocardiography (TTE) was performed 
according to the current recommendations of the American 
Society of Echocardiography [17, 18]. The six-minute walk 
distance (6-MWD) was used for functional assessment [19, 
20]. The exposure variable ODI was defined by any tempo-
rary or sustained increase of loop diuretic dosage within the 
first 6 months after the baseline visit. The decision for ODI 
was made by the treating physician solely based on clini-
cal signs of volume overload, i.e., peripheral edema or pro-
gressive dyspnea with pulmonary rales or pleural effusion. 
The dosage of loop diuretics was assessed as furosemide 
equivalents at baseline and monitored over the observational 
period. Oral torasemide dose was converted at a ratio of 2:1 
to furosemide [21]. Information on hospitalization and vital 
status was gathered from clinical records, telephone inter-
views, and/or reports from primary physicians.

Clinical outcomes

The primary endpoint of the study was all-cause mortal-
ity. The key secondary endpoint was hospitalization for HF, 
which was defined as inpatient admission due to cardiac 
decompensation with fluid overload as assessed and reported 
by treating physicians.

Data analysis

Data are presented as count (percent), mean (standard 
deviation, SD), or median (quartiles) as appropriate. The 
study cohort was analyzed by ODI within the first 6 months 
after initial presentation. Characteristics of patients with 
and without ODI were compared using the unpaired t test, 
Mann–Whitney U test, or Chi-square test as appropriate. 

Normal distribution was tested using the Kolmogo-
rov–Smirnov or Shapiro–Wilk tests.

Odds ratios (OR) and their corresponding 95% confidence 
intervals (CI) for ODI were calculated using univariate logis-
tic regression analysis for all variables significantly associ-
ated with ODI. A multivariate logistic regression model was 
calculated by including NYHA class as the most important 
clinical HF parameter in the first block and using a backward 
likelihood ratio elimination for all additional variables tested 
univariately in the second block. The impact of ODI on all-
cause mortality and hospitalization due to HF was assessed 
using Kaplan–Meier curves and the log-rank test. Univariate 
and multivariate Cox regression analyses were employed 
to calculate the hazard ratio (HR) and corresponding 95% 
CIs. In adjusted regression analysis, pre-specified clinically 
and prognostically relevant variables were included (NYHA 
class and UK-NAC stage). Observational time in survival 
and hospitalization analysis started 6 months after the base-
line visit to account for the exposure to “ODI during the 
first six months after baseline”. Forest plots depicted the 
corresponding HRs and CIs for pre-specified subgroups, 
which were predominately based on risk stratification vari-
ables of HF. Subgroups with fewer than two events were 
not analyzed. A two-sided p value of < 0.05 was considered 
statistically significant in all tests. Statistical analyses were 
performed using IBM SPSS Statistics, version 29.0.0.0. 
Kaplan–Meier survival plots were generated in R (version 
4.2.0) with the UpSetR (version 1.4.0), survival (version 
3.3-1), and survminer (version 0.4.9) packages. Forest plots 
were created using Microsoft Excel for Mac (version 16.86) 
and Microsoft PowerPoint (version 16.86) for Mac.

Results

Study population

The final study cohort comprised 182 patients with ATTR-
CM. The median age was 80 years (interquartile range 
[IQR]: 76; 84), 88% (160/182) were male, and 7% (13/182) 
were diagnosed with variant (v) ATTR-CM (Table 1). Poly-
neuropathy (PNP), CTS, and lumbar spinal stenosis were 
identified in 54% (99/182), 45% (81/182), and 14% (26/182) 
of the patients from history and records, respectively. Nearly 
two-thirds (117/182) of the total cohort and 86% (85/99) 
of patients with a diagnosis of PNP had undergone a spe-
cialized neurological examination confirming the validity 
of diagnosis. Overall, 43% (78/182) of the patients were 
classified with dyspnea in NYHA class III or IV, and 20% 
(36/182) had a history of hospitalization due to HF. The 
mean 6-MWD at the initial visit was 343 ± 114 m. Accord-
ing to the UK-NAC staging system, 56% (102/182) of 
patients were in stage I, 31% (56/182) in stage II, and 13% 
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Table 1   Baseline characteristics of the study cohort and by ODI

ATTR-CM cohort No ODI within 6 months ODI within 6 months p
n = 182 n = 136 (74.7%) n = 46 (25.3%)

Type of ATTR-CM
 Wild-type; % 55.5 56.6 52.2
 Variant; % 7.1 6.6 8.7 0.826
 Not tested; % 37.4 36.8 39.1
 Time since first diagnosis (months); 

Mdn [Q1;Q3]
2 [1; 3] 2 [1; 3] 2 [0; 5] 0.906

Demographic data
 Male patients; % 87.9 89 84.8 0.451
 Age (years); Mdn [Q1; Q3] 80 [76; 84] 80 [75; 83] 82 [78; 85] 0.067
 BMI (kg/m2); M ± SD 25.8 ± 3.3 25.9 ± 3.3 25.6 ± 3.1 0.619
 Modified BMI [(kg/m2)x(g/l)]; M ± SD 1111 ± 153 1118 ± 154 1088 ± 146 0.256

Vital parameters
 SBP (mmHg); M ± SD 137 ± 21 (n = 152) 136 ± 21 (n = 110) 138 ± 21 (n = 42) 0.586
 DBP (mmHg); M ± SD 78 ± 11 (n = 152) 78 ± 11 (n = 110) 79 ± 11 (n = 42) 0.413
 Heart rate (1/min); M ± SD 74 ± 14 (n = 175) 73 ± 13 (n = 130) 78 ± 15 (n = 45) 0.034

Symptoms
NYHA class
 I; % 8.2 8.8 6.5
 II; % 48.9 55.9 28.3 0.005
 III; % 41.8 34.6 63
 IV; % 1.1 0.7 2.2

History of cardiac decompensation; % 19.8 19.9 19.6 0.966
Comorbidities
 History of arterial hypertension; % 76.4 77.2 73.9 0.649
 Diabetes mellitus; % 15.4 13.2 21.7 0.167
 CAD; % 40.1 39 43.5 0.59
 AF; % 57.1 53.7 67.4 0.104
 History of CTS; % 44.5 45.6 41.3 0.613
 Lumbar spinal stenosis; % 14.3 9.6 28.3 0.002
 History of SAVR or TAVI; % 8.8 8.8 8.7 0.979
 PNP; % 54.4 48.5 71.7 0.006
 PM; % 16.5 18.4 10.9 0.235
 History of stroke, % 7.1 7.4 6.5 0.85

Medications
 Furosemide equivalent dose (mg); Mdn 

[Q1; Q3]
10 [0; 20] 10 [0; 20] 10 [0; 30] 0.203

 0 mg; % 41.2 43.4 34.8
 1–20 mg; % 38.5 39 37
 21–40 mg; % 12.1 11 15.2 0.474
 41–80 mg; % 6 4.4 10.9
 > 80 mg; % 2.2 2.2 2.2
 Non-loop diuretics; % 51.1 50.7 52.2 0.866
 Thiazide; % 20.9 19.1 26.1 0.315
 MRA; % 26.9 27.2 26.1 0.882
 SGLT2i; % 13.7 14.7 10.9 0.513
 ACEi, AT1-I or ARNI; % 74.2 72.8 78.3 0.464
 Beta-blocker; % 58.2 58.1 58.7 0.942
 Oral anticoagulant; % 62.1 59.6 69.6 0.227

Biomarkers
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(24/182) in stage III [7]. According to the Mayo risk model, 
the corresponding rates were 44% (62/141), 33% (47/141), 
and 23% (32/141) [16]. The median interventricular sep-
tal thickness in diastole (IVSd) was 17 mm (IQR: 15; 19) 
and median average global longitudinal strain (GLS) was 
−11.0% (IQR: −14; −8.8).

Twenty-one percent (38/182) of patients received thi-
azides, 27% (49/182) mineralocorticoid receptor antagonists 
(MRA), and 14% (25/182) sodium-glucose cotransporter 2 
inhibitor (SGLT2i). In total, 51% (93/182) of patients were 
taking one of the three non-loop diuretics. Angiotensin-con-
verting enzyme inhibitors (ACEi), angiotensin II receptor 
type 1 inhibitors (AT1-I), or angiotensin receptor-neprily-
sin inhibitors (ARNI) were prescribed to 74% (135/182) of 
patients. Fifty-nine percent (107/182) of the cohort were 
on loop diuretics at the initial presentation, with a median 

furosemide equivalent dose of 20 mg (IQR: 10; 40). Taf-
amidis 61 mg was administered to 84% (153/182) of the 
patients, with treatment initiation in nearly all cases during 
the baseline visit. Gene silencers were prescribed in 1.6% 
(3/182) of the cohort. The median follow-up time starting 
6 months after the baseline visit was 17 months (IQR: 9; 28). 
Follow-up information was complete in all patients.

Outpatient intensification of oral loop diuretics

Within the first 6 months after the initial presentation, 
25% (46/182) of patients experienced ODI. Among those 
who received ODI, the median absolute increase in furo-
semide equivalent dose was 10 mg (IQR: 10; 40), with 
28% (13/46) experiencing an increase of more than 20 mg 
(Table 2). Demographic data and treatment with non-loop 

*Of 142 patients in whom tafamidis 61  mg was initiated, treatment was discontinued in 15 cases and switched to Vutrisiran in two cases 
(vATTR). The reasons for discontinuation were disease progression (n = 9) or side effects (n = 2). In four patients, the reasons for tafamidis dis-
continuation remained unclear
6-MWD six-minute walk distance, ACEi angiotensin-converting enzyme inhibitor, AF atrial fibrillation, ARNI angiotensin receptor neprilysin 
inhibitor, AT1-I angiotensin 1 inhibitor, ATTR​ transthyretin amyloidosis, ATTR-CM transthyretin amyloidosis cardiomyopathy, BMI body mass 
index, CAD coronary artery disease, CTS carpal tunnel syndrome, DBP diastolic blood pressure, GFR glomerular filtration rate, GLS global 
longitudinal strain, IVSd interventricular septal thickness in diastole, LVEF left ventricular ejection fraction, M mean, Mdn median, MRA min-
eralocorticoid receptor antagonist, NTproBNP N-terminal pro-brain natriuretic peptide, NYHA New York Heart Association, ODI outpatient 
diuretic intensification, PM pacemaker, PNP polyneuropathy, Q quartile, RV right ventricular, SAVR surgical aortic valve replacement, SBP sys-
tolic blood pressure, SD standard deviation, SGLT2i sodium/glucose cotransporter 2 inhibitor, sPAP systolic pulmonary arterial pressure, TAPSE 
tricuspid annular plane systolic excursion, TAVI transcatheter aortic valve implantation, UK-NAC United Kingdom National Amyloidosis Centre

Table 1   (continued)

ATTR-CM cohort No ODI within 6 months ODI within 6 months p
n = 182 n = 136 (74.7%) n = 46 (25.3%)

 Serum albumin (g/l); Mdn [Q1; Q3] 43 [41; 45] 44 [41; 45] 42 [41; 44] 0.094
 NTproBNP (pg/ml); Mdn [Q1; Q3] 2099 [998; 3837] 1716 [857; 3268] 2703 [1588; 4831] 0.002

GFR (ml/min); M ± SD 58 ± 19 58.9 ± 18.9 54.6 ± 18.2 0.181
 Troponin T (ng/ml); Mdn [Q1; Q3] 0.047 [0.035; 0.070] (n = 141) 0.045 [0.032; 0.065] (n = 104) 0.060 [0.039; 0.089] (n = 37) 0.016

UK-NAC stage
 I; % 55.5 58.8 45.7 0.12
 II or III; % 44.5 41.2 54.3

Mayo stage
 I; % 44.0 (n = 141) 48.1 (n = 104) 32.4 (n = 37) 0.1
 II or III; % 56.0 (n = 141) 51.9 (n = 104) 67.6 (n = 37)

Imaging
 LVEF (%); M ± SD 57 ± 8 57 ± 7 55 ± 9 0.334
 IVSd (mm); Mdn [Q1; Q3] 17 [15; 19] (n = 179) 17 [15; 18] (n = 135) 18 [16; 20] (n = 44) 0.029
 E/e’; M ± SD 15.1 ± 7.1 (n = 114) 14.3 ± 6.3 (n = 87) 17.8 ± 8.7 (n = 27) 0.023
 GLS (%); Mdn [Q1; Q3] −11.1 [−14.2; −8.8] (n = 168) −11.3 [−14.0; −9.1] (n = 125) −9.5 [−15.0; −7.7] (n = 43) 0.054
 sPAP (mmHg); M ± SD 36.3 ± 13.4 (n = 135) 38.0 ± 13.7 (n = 97) 42.6 ± 12.0 (n = 38) 0.077
 TAPSE (mm); M ± SD 17.8 ± 4.9 (n = 177) 18.2 ± 5.1 (n = 134) 16.7 ± 4.1 (n = 43) 0.082
 Pericardial effusion; % 10.9 8.8 17.4 0.108
 6-MWD (m); M ± SD 343 ± 114 (n = 116) 358 ± 117 (n = 87) 295 ± 91 (n = 29) 0.009

ATTR specific medication
 Tafamidis 61 mg; % 84.1 83.8 84.8 0.878
 Inotersen or Patisiran; % 1.6 2.2 0 0.31
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diuretics were not significantly different between groups 
with and without ODI. Patients in advanced disease stages 
(stage II or III according to both the UK-NAC and Mayo 
risk models) experienced ODI more frequently than those 
in early stages (stage I), though this difference was not 
statistically significant. However, patients with ODI were 
significantly more symptomatic according to NYHA class 
compared to patients without ODI.

In terms of comorbidities, PNP and lumbar spinal ste-
nosis were significantly more prevalent in patients with 
ODI. Furthermore, ODI was also associated with higher 
levels of cardiac biomarkers. Patients with ODI showed a 
higher IVSd and a higher E/e’ compared to those without 
ODI. There were no differences between the two groups 
regarding specific ATTR-CM treatment.

The independent predictors of ODI in multivariate anal-
ysis were higher NYHA class and PNP (Tab. 3). Although 
6-MWD was included in the final model, its p value missed 
statistical significance.

Clinical outcomes

The overall estimated 1-year survival and survival free of HF 
hospitalization was 92.3% (Online Resource 2) and 95.6% 
(Online Resource 3). Of the 23 patients who experienced 
HF hospitalization, 52% (12/23) had ODI within the first 
6 months. Among the 48% (11/23) without ODI, only one 
patient had not received any diuretics at baseline.

The estimated 2-year survival rate for patients with 
ODI was 72%, which was significantly lower than 89% for 
patients without ODI (p = 0.004; Fig. 1a). In unadjusted 
analysis, ODI was associated with a 3.09-fold (95% CI 
1.36–7.00; p = 0.007) higher risk of death and a 3.87-fold 
(95% CI 1.70–8.77; p = 0.001; Fig. 1b) higher risk of HF 
hospitalization compared to patients without ODI. When 
adjusting for NYHA class and UK-NAC stage, the risk still 
remained 2.38-fold (95% CI 1.03–5.53; p = 0.043) and 3.27-
fold (95% CI 1.41–7.60; p = 0.006) higher, respectively.

The significant differences in survival (2-year survival: 
92% vs. 75%; Fig. 2a) and HF hospitalization (2-year HF 
hospitalization rate: 7.9% vs. 21.3%; Fig. 2b) persisted 
when only patients with tafamidis treatment at baseline were 
analyzed.

Among patients with ODI, those who experienced an 
absolute increase in loop diuretic dose of more than 20 mg 
of furosemide equivalent had a significantly poorer prog-
nosis compared to those with a lower dose increase (2-year 
survival: 35% vs. 85% and 2-year HF hospitalization rate: 
77.4% vs. 15.5%; Fig. 3).

ODI was associated with an increased hazard of death 
in important subgroups stratified by clinical and HF risk 
markers (Fig. 4). There were no significant interactions for 
the association between ODI and mortality by subgroups.

Table 2   Absolute magnitude of increase in loop diuretic dose within 
6 months

Mdn median, ODI outpatient diuretic intensification, Q quartile

ODI within 6 months
n = 46

Absolute increase in furosemide equivalent 
dose (mg); Mdn [Q1; Q3]

10 [10; 40]

 1–20 mg; n (%) 33 (71.7)
 21–40 mg; n (%) 7 (15.2)
 41–80 mg; n (%) 4 (8.7)
 > 80 mg, n (%) 2 (4.3)

Table 3   Univariate and multivariate logistic regression with odds ratio for ODI

6-MWD six-minute walk distance, IVSd interventricular septal thickness in diastole, ln natural logarithm, NTproBNP N-terminal pro-brain 
natriuretic peptide, NYHA New York Heart Association, PNP polyneuropathy

Variable Univariate Multivariate

Odds ratio 95% confidence interval p Odds Ratio 95% confidence interval p

Heart rate 1.026 1.001–1.051 0.038
NYHA class 2.414 1.353–4.307 0.003 7.496 1.339–41.956 0.022
Lumbar spinal stenosis 3.727 1.578–8.803 0.003
PNP 2.692 1.305–5.556 0.007 16.635 2.432–113.764 0.004
ln NTproBNP 1.899 1.269–2.843 0.002
ln Troponin T 2.802 1.238–6.341 0.013
IVSd 1.118 0.991–1.260 0.070
E/e’ 1.067 1.006–1.131 0.031
6-MWD 0.995 0.991–0.999 0.011 0.992 0.983–1.001 0.074
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Discussion

The main findings of this study are:

i) ODI occurred in one quarter of the patients within an 
observational period of six months.
ii) ODI was associated with advanced ATTR disease 
with respect to cardiac (NYHA class) and extracardiac 
amyloidosis manifestation (PNP).
iii) Both any ODI and the magnitude of the increase in 
loop diuretic dose were significantly associated with 
higher all-cause mortality and increased hospitalization 
rates due to HF.

iv) The prognostic relevance of ODI was consistent across 
strata of various clinical and HF risk factors, including 
age, ATTR subtype, history of cardiac decompensation, 
cardiac biomarkers, LVEF, 6-MWD, and tafamidis treat-
ment at baseline.

In this study of contemporary patients with ATTR-CM, 
25% experienced ODI within a 6-month observational 
period. This time frame is of clinical relevance since it cor-
responds to the monitoring interval currently recommended 
for ATTR-CM patients by experts [6]. The frequency of 
ODI in our ATTR-CM cohort was clearly higher than that 
reported for patients with etiologically unselected HF with 
reduced ejection fraction (HFrEF) (23% during a median 

Fig. 1   Survival (a) and freedom from hospitalization due to HF (b) in patients with ATTR-CM, subgrouped by the presence of ODI within the 
first 6 months after initial presentation

Fig. 2   Survival (a) and freedom from hospitalization due to HF (b) in patients with ATTR-CM treated with tafamidis at baseline, subgrouped by 
the presence of ODI within the first 6 months after initial presentation
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follow-up of 12 months [22]) and HF with mildly or pre-
served ejection fraction (13% to 39% during observational 
periods of 2.5 and 2.9 years [12, 13]), respectively. This 
is not unexpected given the progressive nature of ATTR-
CM in comparison to overall HF etiologies. Very recently, 
Ioannou et al. found a 28% and 45% incidence of ODI in 
two cohorts of ATTR-CM patients over a 12-month obser-
vational period [23]. Our slightly higher frequency of ODI 

per time interval, despite a high rate of specific treatment 
with tafamidis, might be explained by specific population 
characteristics, such as older age and a higher proportion of 
patients with severe symptoms according to NYHA class.

ODI was more frequently observed in patients with base-
line features indicative of a more advanced cardiac compro-
mise such as higher NYHA class, lower 6-MWD, elevated 
cardiac biomarkers and larger wall thickness. Especially, 

Fig. 3   Survival (a) and freedom from hospitalization due to HF (b) in patients with ATTR-CM experiencing ODI within the first 6 months after 
initial presentation, stratified by the absolute increase of loop diuretics dose

Fig. 4   Forest plots regarding all-cause mortality based on the occurrence of ODI within the first 6 months after initial presentation for each clini-
cal subgroup
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more severe dyspnea and higher NT-proBNP levels in the 
ODI subgroup are consistent with a hypervolemic volume 
status, prompting the treating physician to intensify diuretic 
therapy. Notably, ODI was not associated with a history of 
hospitalization due to HF, which suggests an additive clini-
cal value of ODI for risk assessment. Furthermore, baseline 
advanced disease stages (II or III) defined by UK-NAC clas-
sification were only numerically higher in patients experi-
encing ODI, again indicating an additive role of ODI in the 
assessment of disease severity. The strongest factors associ-
ated with ODI in the present analysis were higher NYHA 
class and PNP. Although extracardiac involvement in form 
of PNP predominantly occurs in patients with vATTR, Rus-
sell et al. [24] reported that PNP is not only common in 
wtATTR-CM but also associated with a more advanced 
stage of cardiac disease which might explain our findings. 
However, there is an ongoing debate about whether extra-
cardiac PNP is caused by ATTR itself or coexisting CTS 
or lumbar spinal stenosis. In our cohort, we finally cannot 
exclude a potential overlap between these entities since few 
patients did not undergo dedicated neurological assessment 
and PNP diagnosis was obtained from history.

ODI is significantly associated with cardiovascular hospi-
talizations [13, 22], and cardiovascular and all-cause mortal-
ity in patients with HF [12, 13]. Indeed, the incorporation of 
ODI alongside traditional endpoints in clinical HF trials is 
currently discussed and highlights the high clinical relevance 
of this clinical marker [12, 13]. A strong prognostic value for 
mortality, beyond what is provided by existing risk stratifi-
cation models, has been demonstrated for oral loop diuretic 
dose at initial presentation in ATTR-CM patients [25]. We 
extend these findings in showing that both the intensification 
and the magnitude of oral loop diuretic dose increases were 
significantly associated with higher all-cause mortality and 
increased hospitalization rate due to HF, establishing diu-
retic dose as a risk marker not only for baseline assessment 
but also for disease monitoring. Furthermore, our results 
complement the findings of Zeldin et al. and Ioannou et al., 
who demonstrated a poorer prognosis for ATTR-CM patients 
who experience ODI, both in general and within 12 months 
of observation, respectively [23, 26]. Importantly, in our 
cohort, ODI remained an independent predictor with a 2.4-
fold higher risk of all-cause death and a 3.3-fold higher risk 
for HF hospitalization after adjusting for NYHA class and 
UK-NAC stage, which are the mostly used staging systems 
for disease severity. Current risk stratification models from 
the UK-NAC and the Mayo Clinic do not consider clinical 
parameters and focus solely on biomarkers [7, 16]. Given the 
prognostic significance of ODI and, as previously reported, 
the initial NYHA class in ATTR-CM patients, incorporating 
these clinical parameters into risk stratification models may 
enhance their value [23, 25].

The significant impact of ODI on clinical outcomes per-
sisted even when only patients treated with tafamidis at 
baseline were analyzed, underscoring its prognostic value 
in those receiving TTR stabilizers. Considering the 6-month 
enrollment period during which patients were already on 
specific ATTR treatment, the slightly higher survival rates 
in this subgroup may be attributed to the effects of tafa-
midis, which has demonstrated benefits on all-cause mortal-
ity after 18 months [27]. In addition, the prognostic value 
of ODI remained consistent across various strata, including 
ages, ATTR subtypes, history of cardiac decompensation, 
biomarkers used for risk stratification, LVEF, and 6-MWD.

So far, there is limited evidence on optimal monitor-
ing parameters and follow-up intervals for patients with 
ATTR-CM, although expert consensus has been provided 
[6]. Suggested monitoring tools include clinical factors, bio-
markers, and imaging parameters. In addition to HF hospi-
talization, which has a well-known impact on prognosis, this 
study highlights the clinical value of assessing ODI and the 
absolute increase in diuretic dosage over a short 6-month 
period [6, 28]. Given the rising prevalence of ATTR-CM 
and resource constraints, ODI is a valuable, cost-neutral, and 
simple clinical parameter that can enhance risk stratification 
for ATTR-CM patients.

Study limitations

Limitations of this study include its retrospective design and 
reliance on a single-center cohort. The results are primarily 
valid for individuals with wtATTR-CM, as the prevalence 
of vATTR-CM in our cohort was low and approximately 
one-third of the patients lacked data on ATTR genotype. 
However, considering the age distribution of these patients, 
vATTR is estimated to account for only about 6% (~ 4/68) of 
cases, which is unlikely to significantly alter our results [29]. 
Regarding ODI, the potential prognostic role of changes in 
non-loop diuretics, such as thiazides, MRAs, or SGLT2is, 
and their interaction with loop diuretics, was not assessed. 
Consideration should be given to the unequal group sizes in 
some of the performed sub-analyses. A definitive conclusion 
on ODI and clinical outcomes for patients with low NYHA 
class or very early disease stages could not be drawn due 
to the low number of events in these groups. Furthermore, 
ODI is per definition unsuitable to detect disease progression 
during the very early stage of ATTR-CM without signs of 
congestion which might be of increasing clinical relevance 
in upcoming years due to early detection of patients. Finally, 
extensive adjusted analysis was not possible to the overall 
limited number of endpoints. However, it was not the aim 
to establish ODI as a highly independent predictor within 
multi-marker risk score. Contrarily, the advantage of ODI 
is the ready availability in clinical practice which makes its 
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application very likely in contrast to other rather time- and 
resource-consuming parameters.

Conclusion

ODI is a common, readily available clinical parameter 
associated with an increased risk of HF hospitalization and 
mortality, independent of established clinical risk factors 
such as NYHA class and UK-NAC stage. These findings 
provide evidence in support of the integration of ODI in the 
6 months monitoring assessments of ATTR-CM patients.
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