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ARTICLE INFO ABSTRACT

Keywords: Background: Blood levels of N-terminal pro-B-type natriuretic peptide (NT-proBNP) has been suggested as a
N-Terminal Pro-B-Type Natriuretic Peptide future guidance tool for the selection of patients for aortic valve replacement. This study aimed to examine how
NT-proBNP . levels of NT-proBNP pre-transcatheter aortic valve implantation (TAVI) is associated with one-year rates of heart
;{;ﬁ:ﬁi:;e;r Aortic Valve failure (HF) admission and mortality following TAVI.

TAVI Methods: With Danish nationwide registries, we identified all patients undergoing TAVI from 2014 to 2021 who

had at least one recorded NT-pro-BNP measurement within one year before TAVI. Patients were compared by
quartiles of pre-TAVI NT-proBNP: quartile 4 (high NT-proBNP group) vs quartile 1-3 (low NT-proBNP group).
Comparisons of all-cause mortality and HF-admissions were conducted using Kaplan-Meier analysis, cumulative
incidence, and Cox analysis, as appropriate.

Results: We identified 1,140 patients undergoing first-time TAVI with a recorded NT-pro-BNP; 846 (74.2 %) with
a low NT-proBNP (<420 pmol/L) (55.0 % male, median age 81 year) and 294 (25.8 %) with a high NT-proBNP
(>420 pmol/L) (53.1 % male, median age 82 year). A high versus low NT-proBNP was associated with increased
one-year cumulative incidence of HF-admissions (9.1 % vs. 23.1 %, adjusted HR 2.00 [95 % CI, 1.40-2.85]) and
all-cause mortality (6.0 % vs. 14.6 %, adjusted HR 1.95 [95 % CI: 1.24-3.07]). A high NT-proBNP was associated
with higher rates of outcomes irrespective of previously known atrial fibrillation, HF, chronic kidney disease, and
hypertension.

Conclusion: In patients undergoing TAVI, a baseline NT-proBNP > 420 pmol/L was associated with increased one-
year rates of HF-admission and mortality post-TAVI and may be utilized to identify a high-risk population.

Aortic Valve Replacement
Aortic Stenosis

1. Introduction propagating to the left atrium and subsequently in the pulmonary cir-

culation, potentially resulting in congestion [4]. ProBNP levels gradu-

Transcatheter aortic valve implantation (TAVI) has become widely
used for the treatment of severe, symptomatic aortic stenosis, and the
use of TAVI has expanded over the last years — now exceeding surgical
aortic valve intervention in numbers in the US [1-3]. Still we continue to
lack specific biomarkers to help identify patients at high postoperative
risk, especially a biomarker that can divide the patients depending on
the longitudinal risk. In severe aortic stenosis, the afterload is elevated,

ally increase along this continuum, and this biomarker, and especially its
two fragments C-terminal B-type natriuretic peptide (BNP) and N-ter-
minal Pro-B-Type Natriuretic Peptide (NT-proBNP), could potentially
identify patients at particularly high risk following TAVI [5,6]. There are
reports on NT-proBNP and TAVI outcomes, but data on longitudinal
rates of heart failure (HF) and death are warranted.

Studies have shown a correlation between high pre-operative NT-
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interquartile range; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; RAAS, renin-angiotensin-aldosterone; TIA, transient ischemic attack; TAVI,

transcatheter aorta valve implantation.
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proBNP and increased risk of morbidity and mortality [7-14]. However
these studies have been limited by small study populations, single-center
studies, and lack of data from the follow-up period (e.g.
rehospitalization).

In this study we examined the pre-TAVI distribution of NT-proBNP
and how this was related to a one-year risk of HF-admission and
death. The study has the potential to provide an overview of the asso-
ciation between NT-proBNP and TAVI-outcomes and help clarify
whether NT-proBNP may be utilized to identify a high-risk population.

2. Methods
2.1. Data sources

In Denmark a unique personal Central Person Register (CPR) number
allows linkage between administrative registries on a nationwide basis
[15,16].

In this study we retrieved data from The National Population Reg-
istry, The Danish National Patient Registry (DNPR), The National Pre-
scription Registry, and Statistics Denmark. From the National
Population Registry [17], we obtained data on sex, vital status, migra-
tion, birth date, and information on dates of deaths. From the DNPR we
retrieved information regarding all hospital admissions from Danish
hospitals with discharge diagnosis based on the International Classifi-
cation of Diseases (ICD)-10 codes. In addition surgical procedures clas-
sified according to The Nordic Medico-Statistical Committee [16] were
obtained from DNPR as well. From Statistics Denmark we retrieved data
on blood samples including NT-proBNP [18].

2.2. Study population

We identified all patients undergoing first-time TAVI between
January 1, 2014, and December 31, 2021. The first-time TAVI procedure
was defined by the following procedure codes: KFMD11, KMFD12, and
KMFD14. Patients who underwent TAVI and had a recorded NT-proBNP
blood sample within 1 year prior to TAVI were available for study in-
clusion (Supplementary Table 2 for NT-proBNP NPU-codes). If more
than one NT-pro-BNP-sample were available within 1 year prior to
TAVI, the sample closest to TAVI was used.

According to the NT-proBNP levels, patients were classified accord-
ing to quartiles and separated into two groups: quartile 1-3 (i.e., NT-
proBNP < 420 pmol/L) and quartile 4 (i.e., NT-proBNP > 420 pmol/L).
This was done to identify a population at particularly high risk with a
clinically relevant cutoff. In the supplementary materials, a presentation
of the baseline characteristics for each quartile is provided (Supple-
mentary Table 3). Further the associated rate of outcomes was assessed
by looking at the NT-proBNP level at baseline as a logarithmic scale.

2.3. Covariates

Comorbidities recorded at any time prior to the admission date were
identified through the utilization of International Classification of Diseases
— 10th edition (ICD-10) codes, with the following three exceptions: First,
hypertension was defined as a diagnosis of hypertension or use of two or
more blood pressure lowering drugs as described previously [19]. Sec-
ond, diabetes was defined as a diagnosis of diabetes or the use of anti-
diabetic drugs [20]. Third, chronic kidney disease (CKD) was defined
as an eGFR < 60 ml/min/1.73 m? and was based on the last measured
creatinine prior to baseline [21].

Medication was defined as prescription drugs dispensed within 180
days prior to date of the TAVI.

2.4. Outcome and follow-up

We studied three outcomes: HF admission after discharge from TAVI,
admission for any cause after discharge from TAVI, and all-cause

1JC Heart & Vasculature 52 (2024) 101423

mortality. HF admission was defined as admission after TAVI discharge
with a primary or secondary diagnosis for HF. Further, patients dis-
charged after TAVI were followed from the date of discharge until HF
admission, death, end of study period (31 December 2021), or a
maximum of 1 year of follow-up, whichever came first.

2.5. Statistics

Baseline characteristics were compared by the two study groups.
Continuous variables were presented as medians with interquartile
range (IQR) and categorical variables were presented as counts and
percentage. Differences in baseline characteristics between the two
groups were examined by chi-square or Fisher exact test for categorical
variables and the Wilcoxon test for the continuous variables. The one-
year cumulative incidence of HF-admission and admission for any
cause were assessed with Aalen Johansen estimator considering death as
a competing risk, and the crude differences between the two groups
were assed with Gray’s test. For patients discharged after TAVI we used
the Kaplan-Meier estimator to assess the one-year cumulative incidence
of all-cause mortality, and crude differences between the two groups
were assessed with the log-rank test. The rate of outcomes was compared
between study groups with multivariable Cox proportional hazard
analysis, with the group with NT-proBNP < 420 pmol/L serving as a
reference. The model examining HF admission included the following
variables: sex, age, calendar period (2014-2016, 2017-2019,
2020-2021), and known comorbidities at baseline: atrial fibrillation,
chronic HF, ischemic heart disease, pacemaker pre-TAVI, hypertension,
and chronic kidney disease. The model examining mortality included
the following variables: sex, age, calendar period (2014-2016,
2017-2019, 2020-2021), and known comorbidities at admission
(baseline): atrial fibrillation, stroke, chronic HF, ischemic heart disease,
treatment with statins, chronic obstructive lung disease, liver disease,
chronic kidney disease, and malignancy. To test the robustness of our
findings across important subgroups we examined the 1-year rates of
outcomes stratified by presence of atrial fibrillation, chronic HF, chronic
kidney disease, and hypertension and tested for significant effect
modification.

All statistical analyses were performed using the SAS statistical
software (version 9.4, Cary, NC, USA) and R (version 3.6.1 The R
Foundation) [22]. Level of statistical significance was defined by ad P-
value < 0.05.

2.6. Supplemmentary analyses

We performed several sensitivity analyses of both HF-admission after
discharge and all-cause mortality, excluding patients with a HF-
diagnosis pre-TAVI. The cumulative incidence of first-time HF-admis-
sion and cumulative mortality was shown for patients discharged after
TAVI. Furthermore, we examined baseline characteristics for all patients
undergoing TAVI within the study period regardless of an available NT-
proBNP. This was done to illuminate a potential selection bias.

3. Results
3.1. Study population and baseline characteristics

A total of 5,832 patients underwent first-time TAVI during the study
period from 2014 to 2021. Among these, 1,161 (19.9 %) had a recorded
NT-proBNP within 1-year pre-TAVI. Of these, 14 patients (1.7 %) with a
NT-proBNP < 420 pmol/L and 7 patients (2.4 %) with a NT-proBNP >
420 pmol/L died during admission and were therefore excluded, leaving
1,140 TAVI-patients for further analysis (Fig. 1). Of the 1,140 patients,
846 (74.2 %) had a NT-proBNP < 420 pmol/L (55.0 % male, median age
81 years) and 294 (25.8 %) had a NT-proBNP > 420 pmol/L (53.1 %
male, median age 82 years). Table 1 displays the patient characteristics.
The median time between the recorded NT-proBNP and the TAVI
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time TAVI procedure
from 2014-2021

Patients undergoing first-

n = 5,832
Missing NT-proBNP
_| pre-TAVI procedure
n =4,671
A4
Patients with available
NT-proBNP
n= 116l
Died before discharge
.| post-TAVI procedure
n=2|
.
Patients included in
the study
n=1,140
\ 4 \4
NT-proBNP < 420 NT-proBNP 2420
pmol/L pmol/L
n =846 n =294

Fig. 1. Inclusion of patients. This flowchart shows the inclusion of patients in the study.

procedure was 1 day, with IQR as presented in Table 1. Transfemoral
TAVI access was performed in 97 % of patients with NT-proBNP < 420
pmol/L and 98 % in patients with NT-proBNP > 420 pmol/L. Briefly,
compared with patients with NT-proBNP < 420 pmol/L, patients with
NT-proBNP > 420 pmol/L presented with higher proportions of co-
morbidity including hypertension (66.4 % vs 75.2 %), chronic kidney
disease (40.2 % vs 64.6 %), atrial fibrillation (32.6 % vs. 41.5 %), and
chronic HF (26.1 % vs 54.1 %).

3.2. HF-admission

The one-year cumulative incidence of HF-admission post-TAVI was
9.1 % and 23.1 % for patients with a NT-proBNP < 420 pmol/L and >
420 pmol/L, respectively (p < 0.001 for difference), Fig. 2. This corre-
sponded to an adjusted hazard ratio of 2.00 (95 % CI: 1.40-2.85). When
NT-proBNP increase was assessed as logarithmic scale each one-point
increase was associated with an increased rate of HF-admission
(adjusted hazard ratio 1.36, 95 % CI: 0.95-1.94).

The one-year cumulative incidence of HF-admission post-TAVI for
each quartile of NT-pro-BNP was 5.9 % for Q1 (NT-proBNP < 74.2
pmol/L), 10.8 % for Q2 (74.2 < NT-proBNP < 185 pmol/L), 10.8 % for
Q3 (185 < NT-proBNP < 420 pmol/L), and 23.1 % for Q4 (NT-proBNP
> 420 pmol/L) (Supplementary Fig. 1) (p < 0.001 for difference).
Compared with Q1, the adjusted hazard ratio was 1.55 (95 % CI: 0.87 —
2.77) for Q2,1.19 (95 % CI: 0.63 — 2.25) for Q3, and 2.23 (95 % CI: 1.41
— 4.53) for Q4.

3.3. Readmission for any cause

Total one-year cumulative incidence of readmission post-TAVI for
any cause was 58.0 % for the patients with a NT-proBNP < 420 pmol/L
and 71.1 % for the patients with a NT-proBNP > 420 pmol/L, (p < 0.001
for difference), Supplementary Fig. 2A. This corresponded with a
hazard ratio of 1.28 (95 % CI: 1.06 — 1.51). When NT-proBNP increase
was assessed as logarithmic scale each one-point increase was associated
with an increased risk of readmission for any cause (adjusted hazard
ratio 1.09, 95 % CI: 1.03 - 1.17).

The one-year cumulative incidence of readmission post-TAVI for any
cause for each quartile of NT-pro-BNP was 52.8 % for Q1 (NT-proBNP <
74.2 pmol/L), 60.3 % for Q2 (74.2 < NT-proBNP < 185 pmol/L), 61.4 %
for Q3 (185 < NT-proBNP < 420 pmol/L), and 71.1 % for Q4 (NT-
proBNP > 420 pmol/L) (Supplementary Fig. 2B) (p < 0.001 for dif-
ference). Compared with Q1, the adjusted hazard ratio was 1.08 (95 %
CI: 0.87-1.35) for Q2, 1.07 (95 % CI: 0.84-1.36) for Q3, and 1.35 (95 %
CI: 1.08-1.69) for Q4.

3.4. Mortality

The one-year cumulative incidence of all-cause mortality was 6.0 %
and 14.6 % for patients with a NT-proBNP < 420 pmol/L and > 420
pmol/L, respectively (p < 0.001 for difference) Fig. 3. This corresponded
to an adjusted hazard ratio of 1.95 (95 % CI: 1.24-3.07). When NT-
proBNP increase was assessed as logarithmic scale each one-point
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Table 1
Baseline characteristics of patients undergoing TAVI with an available NT-
proBNP.

NT-proBNP < NT-proBNP > P-
420 420 values
N = 846 N =294
Male, N (%) 465 (55.0) 156 (53.1) 0.59
Age, median years [IQR] 80.8 [75.8, 82.2 [77.4, <
84.7] 85.8] 0.001
Calendar period, N (%)
2014-2016 342 (40.9) 137 (46.6) 0.12
2017-2021 504 (59.6) 157 (53.4)
TAVI modality, N (%)
Transapical 4 (0.47) 4 (1.4) 0.48
Ministernotomy 26 (3.1) 4 (1.4)
Transfemoral 816 (96.5) 289 (98.3)
Pacemaker implantation, N (%) 105 (12.4) 42 (14.3) 0.42
Admission time, median days 5.0 [3.0, 6.0 [4.0, <
[IQR] 7.0] 12.0] 0.001
Time between NT-proBNP 1.0 [1.0, 1.0 [1.0, 0.24
blood sample to TAVI, 4.0] 3.0]
median days [IQR]
Coronary artery revascularization, N (%)
CABG 75 8.9) 26 (8.8) 1.00
PCI 209 (24.7) 73 (24.8) 1.00
Comorbidities, N (%)
Hypertension 562 (66.4) 221 (75.2) 0.01
Acute myocardial infarction 150 (17.7) 70 (23.8) 0.03
(AMI)
Ischemic heart disease 448 (53.0) 168 (57.1) 0.22
Chronic heart failure 221 (26.1) 159 (54.1) <
0.001
Atrial fibrillation 276 (32.6) 122 (41.5) 0.01
Permanent pacemaker 73 (8.6) 31 (10.5) 0.35
Stroke (ischemic/ 184 (21.7) 74 (25.2) 0.24
hemorrhagic)/ TIA
Diabetes 177 (20.9) 50 (17.0) 0.17
Peripheral artery disease 56 (6.6) 35 (11.9) 0.01
Chronic kidney disease (eGFR 340 (40.2) 190 (64.6) <
< 61) 0.001
Malignancy 201 (23.8) 73 (24.8) 0.75
Liver disease 23 2.7) 9 (3.1) 0.84
COPD 157 (18.6) 53 (18.0) 0.86
Medication within prior to TAVI admission, N (%)
Statins 545 (64.4) 163 (55.4) 0.01
Beta blockers 381 (45.0) 152 (51.7) 0.05
Loop diuretics 365 (43.1) 207 (70.4) <
0.001
Spiron 64 (7.6) 38 (12.9) 0.01
Thiazid 147 17.49) 36 (12.2) 0.04
Calcium channel blockers 259 (30.6) 68 (23.1) 0.02
RAAS inhibitors 456 (53.9) 143 (48.6) 0.14
ASA 369 (43.6) 111 (37.8) 0.09
ADP-inhibitors 226 (26.7) 80 (27.2) 0.88
OAC 257 (30.4) 112 (38.1) 0.02

increase was associated with an increased risk of all-cause mortality
(adjusted hazard ratio 1.28, 95 % CI: 1.08 — 1.53).

The one-year cumulative incidence of all-cause mortality for each
quartile of NT-pro-BNP was 3.8 % for Q1 (NT-proBNP < 74.2 pmol/L),
6.1 % for Q2 (74.2 < NT-proBNP < 185 pmol/L), 8.5 % for Q3 (185 <
NT-proBNP < 420 pmol/L), and 14.6 % for Q4 (NT-proBNP > 420 pmol/
L) (Supplementary Fig. 1) (p < 0.001 for difference). Compared with
Q1, the adjusted hazard ratio was 1.40 (95 % CI: 0.64-3.06) for Q2, 1.79
(95 % CI: 0.78-4.09) for Q3, and 2.83 (95 % CI: 1.32-6.07) for Q4.

3.5. Subgroup analyses

Further, we examined the adjusted rates of HF-admission and all-
cause mortality, stratified by the comorbidities atrial fibrillation,
chronic HF, chronic kidney disease, and hypertension. According to
patients with and without atrial fibrillation, chronic HF, chronic kidney
disease and hypertension, Fig. 4 demonstrates the adjusted one-year
rates of HF-admission and all-cause mortality. A NT-proBNP > 420
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pmol/L was associated higher one-year rates of HF-admissions irre-
spective of atrial fibrillation (p = 0.16 for interaction), chronic HF (p =
0.31 for interaction), chronic kidney disease (p = 0.20 for interaction),
and hypertension (p = 0.99 for interaction). For the outcome of mor-
tality previous HF served as an effect modifier (p = 0.01 for interaction)
while no interaction was identified for the other covariates.

3.6. Supplementary analyses

Two supplementary analyses were conducted. First when examining
the outcomes in HF-naive patients the one-year cumulative incidence of
HF-admission post-TAVI was 5.3 % and 13.3 % for patients with a NT-
proBNP < 420 pmol/L and > 420 pmol/L, respectively (p < 0.001),
Supplementary Fig. 3. The result corresponded to an adjusted hazard
ratio of 2.50 (95 % CI: 1.38 — 4.55). The one-year cumulative incidence
of all-cause mortality was 3.8 % and 13.3 % for HF-naive patients with a
NT-proBNP < 420 pmol/L and > 420 pmol/L, respectively (p < 0.001),
Supplementary Fig. 4, this corresponded to an adjusted hazard ratio of
3.33 (95 % CI: 1.77-6.29). Second, when comparing the baseline char-
acteristics between the included patients and the group of patients who
were not included in the study due to the unavailability of NT-proBNP
(Supplementary Table 1), no major differences were revealed. The
majority of patients in the excluded group underwent the procedure
during the most recent calendar period (2020-2021), this differed from
our study population where most patient underwent the procedure be-
tween 2017 and 2019. Chronic HF as a comorbidity were more common
in the main population, compared with the excluded group of patients.

4. Discussion

In this nationwide cohort study we examined the association be-
tween the measured level of NT-proBNP before TAVI and the longitu-
dinal outcomes post-TAVI. The major findings of this study were
threefold: First, patients with a NT-proBNP > 420 pmol/L were slightly
older, had more comorbidities and had a higher associated rate of both
HF-admissions and death following the TAVI procedure. Second,
although being less pronounced, these associations were shown to be
consistent in a HF naive population. Third, we found no important effect
modifiers and the association was similar across subgroups with and
without atrial fibrillation, chronic kidney disease, and hypertension.

Among patients undergoing a first-time TAVI procedure, those with a
NT-proBNP > 420 pmol/L were a few years older, had higher prevalence
of atrial fibrillation, peripheral artery disease, chronic kidney disease,
and chronic heart faillure. This corresponded well with the baseline
characteristics in similar studies.[8,10,11,23] A common characteristic
observed in the majority of prior studies was the median and mean age
of the study population (81-83 years). Further the prevalence of atrial
fibrillation in the simillar studies was between 20 and 55 %, which
corresponds well with our results.

The baseline NT-proBNP levels were measured with a median time of
1 day prior to TAVI in both groups. The cutoff value for NT-proBNP that
separated the two groups (420 pmol/L) was based on the fourth quar-
tile’s cutoff value, and when comparing this value to other similar
studies the baseline NT-proBNP value associated with worse outcomes
was within the same range (e.g. 236 pmol/L and 554 pmol/L).[9,10]
Hence, our categorization of NT-proBNP is comparable to other studies.
In Elhmidi et al.’s prospective study from 2013 they included 373 TAVI-
patients and divided the patients into tertiles based on the baseline NT-
proBNP-level. The upper tertile was defined by a NT-proBNP > 4,991
ng/L (=~ 556.7 pmol/L). They found that baseline NT-proBNP was
associated with a patient risk profile at baseline and that patients in the
third tertile had significantly higher 1-year mortality (29.2 %) than
patients in the first (14.9 %) and second (20.2 %) tertiles (p < 0.05).[10]
These results show a similar trend as well, although the data are from a
very different era of TAVL Our results are mainly based on transfemoral
TAVI and baseline characteristics in selection for TAVI have developed
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NT-proBNP< 420 pmol/L 846 800
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Time since discharge (months)
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Fig. 2. One-year cumulative incidence of HF admission in patients undergoing TAVI. This figure shows the one-year cumulative incidence of HF admission post

discharge in patients undergoing a first-time TAVI-procedure.
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|

Cumulative incidence of mortality
7.5% 15 %
| |

0 %

7 — NT-proBNP< 420 pmol/L
NT-proBNP= 420 pmol/L

Patients at risk
NT-proBNP< 420 pmol/L 846 833
NT-proBNP= 420 pmol/L 294 284

T T I
6 9 12

Time since discharge (months)

820 805 795

Fig. 3. One-year cumulative incidence of all-cause mortality in patients undergoing TAVI. This figure shows the one-year cumulative incidence of all-cause mortality

in patients undergoing a first-time TAVI procedure.

significantly over the past 10 years.[24].

Compared with NT-proBNP below 420 pmol/L, patients with NT-
proBNP > 420 pmol/L were associated with a higher risk of admission
with HF and all-cause mortality following the TAVI procedure. This
association persisted after multivariable adjustments for patient char-
acteristics known to be associated with adverse outcomes and remained
stable even after excluding patients with a previous history of HF. In
subgroup analyses, the associations were consistent irrespective of atrial
fibrillation, HF, chronic kidney disease, and hypertension. In the mor-
tality subgroup analysis however, the risk of death was more pro-
nounced in patients with high NT-proBNP and no known HF-diagnosis
relative to patients with high NT-proBNP and a known HF-diagnosis.
Prior studies have reported similar [8,9,13,14,23,25], but also

dissimilar [26,27] results for the association between pre-TAVI NT-
proBNP and longitudinal risks. In a prospective study from 2014 on 333
TAVI patients with a 4-year follow-up, Ribeiro et al. found that a baseline
NT-proBNP cut-off value off 2,200 pg/ml (=~ 236 pmol/L) identified
patients at greater risk of both cardiac death and rehospitalization due to
HF, with a HF-admission rate of 22.9 % for patients in the group with a
high NT-proBNP and 10.8 % for patients in the low NT-proBNP group.
Further their results on mortality for the patients with a high and a low
NT-proBNP were 28.9 % and 16.7 % respectively.[9] The association
between a high baseline NT-proBNP and mortality was furthermore
confirmed in the retrospective study on 504 patients with a normal left
ventricular ejection fraction undergoing TAVI from 2010 to 2018. Here
they found a mortality rate around 21 % and 10 % for Q4 (median NT-
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Hazard ratio (95%Cl) P for interaction

No (high vs low NT-proBNP)

B 4.61(1.49-14.23)

Yes (high vs low NT-proBNP) 1.56 (0.97- 2.49) 0.16
No (high vs low NT-proBNP) E m 3.01(1.74- 5.21)
Heart failure
Yes (high vs low NT-proBNP) | —l—— 1.82 (1.19-2.78) 0.31
No (high vs low NT-proBNP) i 2.50 (1.38- 4.55)
CKD f
Yes (high vs low NT-proBNP) ' —— 1.74 (1.12- 2.70) 0.20
No (high vs low NT-proBNP) L 2.50 (1.39-4.51)
Hypertension
Yes (high vs low NT-proBNP) . — 2.01 (1.37-2.95) 0.99
No (high vs low NT-proBNP) 0 i 1.73 (0.60- 5.04)
All-cause mortality
Atrial fibrillation i
Yes (high vs low NT-proBNP) —r—l— 1.66 (0.89- 3.09) 0.42
No (high vs low NT-proBNP) L 2.01 (1.02- 3.99)
Heart failure E
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Fig. 4. Forrest plot of one-year HF admissions rates and one-year mortality rates according to pre-specified subgroups. This figure shows the adjusted hazard ratios
associated with high versus low NT-proBNP (>420 pmol/L versus < 420 pmol/L) and one-year HF admission and all-cause mortality in patients with and without the
following comorbidities: atrial fibrillation, HF, chronic kidney disease, and hypertension. For the adjusted hazard ratios, the group with NT-proBNP < 420 pmol/L

served as a reference.

proBNP: 425 pmol/L) and Q1-3 (median NT-proBNP: 82 pmol/L),
respectively.[11] Although these associations were more pronounced
compared with our results, these studies show a similar trend. On the
other hand, dissimilar results were found in a retrospective study from
2014, including 845 patients undergoing TAVI.[26] The study aim was
to develop a pre-procedural risk evaluation scheme beyond the current
surgical risk scores and pre-procedural NT-proBNP was included as a
variable. However, the pre-procedural NT-proBNP in their sample did
not reach statistical significance in their relation to mortality.

The association between a high baseline NT-proBNP and one-year
outcomes could partially be explained by the higher rate of comorbid-
ities such as HF, atrial fibrillation, and chronic kidney disease in the
group with NT-proBNP > 420 pmol/L. In addition, the higher rate of
both HF-admission and all-cause mortality could be explained by the
higher NT-proBNP as a surrogate for chronic HF. NT-proBNP is already
well implemented in the screening of HF.[28] Further NT-proBNP has
been linked to severity of aortic stenosis [29,30] and therefore an
increased risk of serious remodeling of the left ventricle.[31] Thus, NT-
proBNP can be an additional way of risk stratifying the patients both pre-
and post-TAVI In a smaller study from 2003, Gerber et al. found that
natriuretic peptide levels were better at distinguishing between symp-
tomatic and asymptomatic patients compared to other used measures of

aortic stenosis severity such as peak aortic velocity and the aortic valve
area.[30] Subsequent studies suggested that NT-proBNP was included in
a risk stratification strategy for TAVI patients [9,11] and it was further
suggested that improving the hemodynamic status, thus reducing the
pro-BNP levels could improve the peri-procedural and long-term risk
following TAVI.[32] Based on the results from our study, we believe that
alternative parameters to echocardiography, which moreover are easily
accessible, can assist in risk stratification of patients undergoing TAVI.
For future studies it would be of interest to investigate whether potential
therapeutic interventions such as standard HF-treatment could help
TAVI-patients by reducing the burden of HF-admission and mortality
following TAVI.

4.1. Limitation

The results of this study should be viewed in the context of some
limitations. Only 20 % of the eligible TAVI patients had a recorded NT-
proBNP—however, those with and without recorded NT-proBNP were
not significantly different. The volume of NT-proBNP samples is
decreasing from the start of our inclusion period to the end of the in-
clusion period, most likely due to the cost of the blood sample. Another
limitation is that all registry studies are dependent on the underlying
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validity of the diagnosis codes used. While the registries exhibit a high
level of data completeness, important covariates are not available,
including frailty score, smoking status, echocardiography measure-
ments, body mass index (BMI), and procedure-related complications.
Finally, the observational design of the study presents a limitation,
particularly due to the risk of cause-effect relationships. Despite our
efforts to adjust for potential confounders, we cannot guarantee com-
plete elimination of confounding.

5. Conclusion

In patients undergoing TAVI, a baseline NT-proBNP > 420 pmol/L
was associated with an almost two-fold increased one-year rate of HF-
admissions and mortality post-TAVI. These associations held true even
after excluding patients with previously known HF. The results suggest
that NT-proBNP is associated with adverse outcomes and that this may
be utilized to identify a high-risk population, however further investi-
gation is warranted.
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