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Baseline NT-proBNP Accurately Predicts
Symptom Response to Transcatheter Aortic
Valve Implantation
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Matthew Hammond-Haley, MBBS; Hannah Z. R. McConkey “*/, MBBS; Bernard D. Prendergast, BMBS, MD;
Michael Marber, MBBS, PhD; Simon R. Redwood “*, MBBS, MD

BACKGROUND: Up to 30% of patients undergoing transcatheter aortic valve implantation (TAVI) experience minimal sympto-
matic benefit or die within 1 year, indicating an urgent need for enhanced patient selection. Previous analyses of baseline NT-
proBNP (N-terminal pro-brain natriuretic peptide) and TAVI outcomes have assumed a linear relationship, yielding conflicting
results. We reexamined the relationship between baseline NT-proBNP and symptomatic improvement after TAVI.

METHODS AND RESULTS: Symptom status, clinical and echocardiographic data, and baseline NT-proBNP were reviewed from
144 consecutive patients undergoing TAVI for severe symptomatic aortic stenosis. The primary end point was change in
New York Heart Association functional class at 1 year. There was a nonlinear, inverted-U relationship between log-baseline
NT-proBNP and post-TAVI change in NYHA class (R°=0.4559). NT-proBNP thresholds of <800 and >10 000 ng/L accurately
predicted no symptomatic improvement at 1 year (sensitivity 88%, specificity 83%, positive predictive value 72%, negative
predictive value 93%). In adjusted analyses, baseline NT-proBNP outside this “sweet-spot” range was the only factor inde-
pendently associated with poor functional outcome (high: NT-proBNP >10 000 ng/L, odds ratio [OR], 65; 95% CI, 6-664; low:
NT-proBNP <800 ng/L, OR, 73; 95% ClI, 7-738).

CONCLUSIONS: Baseline NT-proBNP is a useful prognostic marker to predict poor symptom relief after TAVI and may indicate
when intervention is likely to be futile. Both low (<800 ng/L) and very high (>10 000 ng/L) levels are strongly associated with
poor functional outcome, suggesting an alternative cause for symptoms in the former scenario and an irrevocably diseased
left ventricle in the latter. Further evaluation of this relationship is warranted.
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formed the management of severe calcific aortic

stenosis (AS) in symptomatic patients at high or
prohibitive surgical risk, reducing morbidity and mor-
tality in the face of an otherwise grave prognosis.'3
The procedure is now an established standard of care
for the majority of patients with severe symptomatic
AS.%"" Despite clear benefits in defined populations,
there remains marked heterogeneity in outcome at the
individual patient level, with up to 30% experiencing

Transoatheter aortic valve implantation (TAVI) trans-

minimal symptomatic benefit or dying within 1 year
of intervention, regardless of immediate outcome.®
Enhanced patient selection and risk stratification are
therefore pressing requirements to enable targeted as-
sessment of individual risk, informed shared decision
making, and the avoidance of unnecessary, expensive,
and potentially harmful (“futile”) procedures in those
unlikely to benefit.®

Secreted by the myocardium in response to in-
creased mechanical wall stress, blood levels of BNP
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CLINICAL PERSPECTIVE

What Is New?

e In this cohort of 148 patients with severe
symptomatic aortic stenosis undergoing tran-
scatheter aortic valve implantation, baseline
NT-proBNP (N-terminal pro—brain natriuretic
peptide) demonstrated a nonlinear, inverted-U
relationship with symptomatic relief (New York
Heart Association functional class) at 1 year.

e Both low (<800 ng/L) and very high
(>10 000 ng/L) baseline NT-proBNP levels were
strongly associated with poor functional out-
come, retaining an independent association
in adjusted analyses and predicting futility of
symptom relief with a high degree of diagnostic
accuracy.

e |ow values suggested an alternative cause for
presenting symptoms (demonstrating an asso-
ciation with chronic lung disease), whereas very
high values correlated with irrevocable cardiac
damage (left ventricular systolic dysfunction,
diastolic impairment, pulmonary hypertension,
and concomitant valve disease).

What Are the Clinical Implications?

e Baseline NT-proBNP may be a useful, prag-
matic marker to predict futility of symptom relief
after transcatheter aortic valve implantation, a
scenario prevalent in up to a third of patients
despite excellent immediate procedural results
(>95% technical success).

Nonstandard Abbreviations and Acronyms

AS aortic stenosis

CCSs Canadian Cardiovascular Society
NYHA New York Heart Association

TAVI transcatheter aortic valve implantation

(orain natriuretic peptide) and its pro-hormone NT-
proBNP (N-terminal proBNP) correlate positively with
severity of AS and symptom onset, and elevated levels
tend to reflect advanced disease.'®> Accordingly, inter-
national practice guidelines advocate their role in patient
selection, particularly in those with severe AS and equiv-
ocal symptoms.'3

Prior studies have examined the association be-
tween baseline natriuretic peptide levels and mortal-
ity after TAVI, although results have been inconsistent
with discordant findings.'*2° In contrast, there is a
surprising paucity of data examining the relationship
between baseline BNP/NT-proBNP and subsequent
change in symptomatic or functional status.’®'® In both
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scenarios, a linear relationship with outcome has been
assumed. This retrospective observational study reex-
amined the relationship between baseline NT-proBNP
level and symptomatic improvement 1 year after TAVI.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. Data collection within the National Health
Service is performed without explicit consent for pro-
vision of healthcare, administrative, and clinical audit
purposes (local or national) and is performed under the
auspices of European Law—General Data Protection
Regulation (GDPR) Act (May 2018): article 6(1)(€); 9(2)(h);
special category 9(2)(i). These data were extracted ret-
rospectively for assessment of healthcare quality, deliv-
ery, and outcomes, and therefore separate institutional
review board approval was not required for this work.

Study Design and Patient Population
Symptom status (New York Heart Association [NYHA]
class, Canadian Cardiovascular Society class, syn-
cope) at baseline and 1-year follow-up, clinical
characteristics, baseline NT-proBNP level, and echo-
cardiographic indices were retrospectively reviewed
from a prospectively maintained database of con-
secutive patients undergoing TAVI at a high volume
UK institution over a 1-year period (January 1, 2015 to
January 1, 2016). All patients had symptomatic severe
native AS (aortic valve area <0.8 cm? or mean gradient
>40 mm Hg)?" and were deemed at prohibitive or high
risk for conventional surgical aortic valve replacement
by a multidisciplinary heart team.

The primary end point was change in NYHA func-
tional class (ANYHA) at 1 year, calculated by subtract-
ing 1 year NYHA from baseline NYHA. Patients who
died within a month of TAVI (n=4, 3%) were excluded
from analysis. Those who survived >30 days but died
within 1 year were coded as ANYHA=0 (no improve-
ment, n=17, 11%).

NT-proBNP Sampling

Baseline NT-proBNP samples were obtained before
TAVI from an antecubital or other accessible periph-
eral vein into EDTA-containing tubes and processed in
standard fashion. NT-proBNP level was measured using
a chemoluminescent immunoassay (Elecsys proBNP II;
Roche, Minneapolis, Minnesota, United States).

Echocardiography

Baseline transthoracic echocardiography was per-
formed 3 months before TAVI and at 1-year follow-up
using standard, commercially available consoles and
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analyzed in accordance with contemporary practice
recommendations.??2% Peak aortic jet velocity was
estimated via continuous wave Doppler from the
apical 3- or 5-chamber views, with mean and peak
transvalvular pressure gradients derived using the
Bernoulli equation.?? Aortic valve area was computed
from the velocity time integrals of the left ventricular
(LV) outflow tract and aortic valve using the continuity
equation.?? LV dimensions were assessed in the par-
asternal long-axis view, with LV mass calculated using
the Devereux formula and indexed to body surface
area (left ventricular mass index)?® and LV ejection
fraction calculated using Simpson’s biplane method
after measurement of LV end-diastolic and end-sys-
tolic volumes in the apical 2- and 4-chamber views.?3
Mitral, aortic, and tricuspid valve regurgitation was
evaluated using spectral and color Doppler images
and graded using a multiparametric approach.?
Where feasible, LV diastolic function and estimated
LV filling pressures were characterized and graded in
accordance with contemporary recommendations.?®
Systolic pulmonary artery pressure was estimated as
the sum of the tricuspid valve pressure gradient and
estimated right atrial pressure (determined by inferior
vena cava assessment).?® Longitudinal right ventricu-
lar function was assessed through tricuspid annular
plane systolic excursion measured via anatomical
M-mode in a focused apical 4-chamber view of the
right ventricle.?®

Statistical Analysis

Categorical variables are presented as frequencies
and percentages. Continuous data are presented
as mean+SD or median (interquartile range), as ap-
propriate. After distribution assessment, differences
between continuous variables were tested for sig-
nificance by analysis of variance or Kruskal-Wallis
test for normally and non-normally distributed data,
respectively. Categorical variables were compared
using the chi-square test. For multiple comparisons,
Bonferroni corrections were employed in post hoc
analyses. The prognostic discrimination of base-
line NT-proBNP level was assessed by generating
receiver operating characteristics curves and chi-
square test used to determine the equality of the
receiver operating characteristics-estimated area
under the curve. Multivariable linear regression anal-
ysis was performed to determine the association of
the defined NT-proBNP cut-points and other base-
line clinical and echocardiographic parameters with
the primary outcome. Included in the multivariable
model were the following: estimated glomerular filtra-
tion rate, left ventricular ejection fraction, estimated
left ventricular filling pressure, pulmonary artery sys-
tolic pressure, chronic lung disease, atrial fibrillation,
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> moderate mitral regurgitation, > moderate tricus-
pid regurgitation, and right ventricular dysfunction.
After initial univariable regression modeling, any ad-
ditional variables exhibiting a P<0.05 were also in-
cluded in the multivariable model. Odds ratios (ORs)
with 95% Cls are presented. Two-sided P<0.05 were
considered statistically significant. All analyses were
performed using SPSS software version 23.0 (IBM,
Armonk, New York).

RESULTS

Baseline Characteristics

A total of 148 patients underwent TAVI over the in-
clusion period, of whom 4 (3%) died within 30 days
of TAVI and were excluded from analysis. Baseline
clinical, echocardiographic, and procedural data for
the 144 patients included in the analysis are sum-
marized in Table 1. Mean baseline NT-proBNP was
5305+8886 ng/L. The majority of patients underwent
transfemoral TAVI with balloon expandable prostheses.
Mean NYHA functional class was 2.6+0.7 and 1.8+0.9
at baseline and 1 year post-procedure, respectively.
One-year mortality was 11% (17 patients). Forty-six
patients (32%) experienced no improvement in NYHA
functional class (ANYHA <0) at 1 year or died between
30 days and 1 year after TAVI and were defined as
treatment nonresponders.

Relationship Between Baseline NT-
proBNP and ANYHA Functional Class

1 Year After TAVI

Baseline NT-proBNP values were positively skewed
(mean+SD=5305+8886 ng/L, median+interquartile
range=1800+4296 ng/L) and normalized via logarith-
mic transformation. There was a nonlinear, inverted-U
relationship between log-transformed baseline NT-
proBNP and change in NYHA functional class 1 year
following TAVI (Figure 1). Multiple polynomial regression
lines were modeled, with a quadratic curve (Figure 1,
R?=0.4559, x-axis intercepts 298 and 24 396 ng/L) ul-
timately demonstrating the best fit, superior to cubic
(R?=0.4116), quartic (R*=0.4032), quintic (R*=0.4076),
and other higher order polynomials.

Identification of NT-proBNP Cutoff
Values Associated With Symptomatic
Improvement 1 Year After TAVI

Received operator characteristic curve analysis was
performed to identify clinically relevant cutoff values. A
baseline NT-proBNP of <800 and >10 000 ng/L accu-
rately predicted no improvement in NYHA functional
class at 1 year (Figure 2A and B), with an area under
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Table 1. Baseline Characteristics

n=144
Demographics
Age, y 83+7
Female 72 (50%)
Body mass index, kg/m? 28+6
Past medical history
Hypertension 120 (83%)
Diabetes mellitus 34 (24%)
Coronary artery disease 68 (47%)
Previous myocardial infarction 27 (19%)
Previous percutaneous coronary intervention 23 (16%)
Previous coronary artery bypass graft 37 (26%)
Peripheral arterial disease 29 (20%)
Cerebrovascular disease 15 (10%)
Chronic lung disease 35 (24%)
Atrial fibrillation 34 (24%)
Presenting symptoms
New York Heart Association Ill-IV 94 (65%)
Syncope 19 (13%)
Canadian Cardiovascular Society IlI-IV 7 (5%)
Echocardiography
Left ventricular ejection fraction, % 54+11
Aortic valve area, cm? 0.7+0.2
Mean gradient, mm Hg 49+16
Maximal gradient, mm Hg 72+21
Laboratory values
Estimated glomerular filtration rate, mL/min 59+23
N-terminal pro-brain natriuretic peptide, ng/L 5305+8886
Procedural characteristics
Transfemoral 118 (82%)
Balloon expandable valve 127 (88%)
Self-expanding valve 17 (12%)

the curve of 0.858 (95% Cl, 0.749-0.967; P<0.0001)
and 0.821 (95% CI, 0.720-0.922; P<0.0001), respec-
tively. The precision of the intermediate baseline NT-
proBNP range (800 ng/L < NT-proBNP <10 000 ng/L)
to predict no improvement was accordingly much
lower (area under the curve 0.267; 95% ClI, 0.048-
0.485). Baseline NT-proBNP outside this range (<800
or >10 000 ng/L) predicted the absence of a response
to treatment with high diagnostic accuracy (sensitivity
88%, specificity 83%, positive predictive value 72%,
negative predictive value 93%).

Differences Between TAVI Responders
and Nonresponders

Differences in baseline clinical and echocardio-
graphic characteristics between treatment respond-
ers and nonresponders, grouped according to low
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(<800 ng/L); midrange (=800 ng/L <10 000 ng/L); and
high (>10 000 ng/L) baseline NT-proBNP are summa-
rized in Table 2. The majority of 98 TAVI responders
(87%, n=85) fell into the midrange NT-proBNP cat-
egory, with relatively few outside the low (11%, n=11)
and high (2%, n=2) NT-proBNP thresholds (Figure S1).
Chronic lung disease was more common in treat-
ment nonresponders with low NT-proBNP. TAVI non-
responders with high baseline NT-proBNP had worse
baseline renal function and LV systolic function, with
higher LV filling pressures and increased pulmonary
pressures. Concomitant valve disease was also more
common in TAVI nonresponders with high baseline
NT-proBNP, with a higher prevalence of significant
mitral regurgitation, tricuspid regurgitation, and right
ventricular dysfunction.

Relevant periprocedural factors and 1-year fol-
low-up echocardiographic data are summarized in
Table 3. There was no difference in TAVI access site
or choice of device between treatment responders
and nonresponders. Measurements of technical
success (postprocedural mean aortic pressure gra-
dient, aortic valve area, and frequency of nontrivial
aortic regurgitation) were similar across all groups.
Compared with treatment responders, 1 year mortal-
ity was higher in nonresponders, with no significant
difference between the groups according to base-
line NT-proBNP category. TAVI nonresponders with
high baseline NT-proBNP (>10 000 ng/L) had higher
indexed LV mass and worse LV systolic function at
1 year. Persistent > grade Il diastolic dysfunction
was more common in TAVI nonresponders with high
baseline NT-proBNP, who also exhibited increased
LV filling pressures at 1 year. Concomitant significant
mitral regurgitation, tricuspid regurgitation, and right
ventricular dysfunction were also all more common
at 1 year in TAVI nonresponders with high baseline
NT-proBNP.

Predictors of Symptomatic Response to
TAVI

Factors associated with symptomatic response to
TAVI are detailed in Table 4. In univariable analy-
ses, baseline predictors of no improvement in NYHA
functional class at 1 year were plasma NT-proBNP
>10 000 ng/L, NT-proBNP <800 ng/L, concomitant
chronic lung disease, at least moderate mitral re-
gurgitation, pulmonary artery systolic pressure, and
right ventricular dysfunction. After adjustment for
confounders on multivariable analysis, baseline NT-
proBNP >10 000 and <800 ng/L remained the only
factors demonstrating an independent association
with nonresponse to TAVI at 1 year. This independ-
ent association between NT-proBNP thresholds and
functional outcome was preserved in an additional
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ANYHA class at 1 year

-2

-3 *

PO WO VO ID G0N WD 0 0

Baseline log(NT-proBNP), ng/L

y =-1.4741x2 + 10.114x - 15.999
R*® 04559 * *

Figure 1. Association between log-transformed baseline NT-proBNP change in NYHA functional
class at 1 year after transcatheter aortic valve implantation.
NT-proBNP indicates N-terminal pro-brain natriuretic peptide; and NYHA, New York Heart Association.

sensitivity analysis that considered discrete cutoffs of
the continuous variables estimated glomerular filtra-
tion rate, left ventricular ejection fraction, pulmonary
artery systolic pressure, and estimated left ventricu-
lar filling pressure (Table S1).

DISCUSSION

The current report examines the relationship be-
tween baseline NT-proBNP and TAVI symptomatic
outcome at 1 year (ANYHA functional class) from a
novel perspective, demonstrating that both very high
(>10 000 ng/L) and low (<800 ng/L) levels correlate
strongly with poor functional improvement from the
procedure (defined as ANYHA <0) in 144 patients un-
dergoing TAVI at a single high-volume center with com-
prehensive clinical and echocardiographic follow-up.
After adjustment for known confounders (including:
renal function, left ventricular ejection fraction, con-
comitant valve disease, lung disease, atrial fibrillation,
diastolic dysfunction, pulmonary hypertension, and
right ventricular dysfunction), baseline NT-proBNP
levels outside this “sweet-spot” range were the only
factors independently associated with poor sympto-
matic response to TAVI. Very high (>10 000 ng/L; OR,
65; 95% ClI, 6-664) and low (<800 ng/L; OR, 73; 95%
Cl, 7-738) NT-proBNP levels both strongly predicted
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poor functional outcome with high diagnostic accu-
racy (sensitivity 88%, specificity 83%, positive predic-
tive value 72%, negative predictive value 93%).

Prior retrospective studies examining the relation-
ship between baseline natriuretic peptide levels and
TAVI clinical outcomes have been inconsistent and
yielded conflicting results. A number have described
an association between baseline BNP/NT-proBNP
and postprocedural mortality,'*1%27-3" whereas others
have not.'®20:32 Crucially, all assumed a linear relation-
ship. It is relevant, therefore, that a more recent large-
scale analysis of the PARTNER-2 (Placement of Aortic
Transcatheter Valves) trial cohort described a bimodal
distribution of clinical events against baseline BNP
and highlighted increased cardiovascular mortality in
patients with intermediate surgical risk and preserved
LV systolic function with both low (<50 ng/L) and high
(2400 ng/L) baseline levels.®3

The present analysis builds on this latest work and
challenges the previous assumption of a linear rela-
tionship between baseline natriuretic peptide levels
and symptom response to TAVI. To the best of our
knowledge, this association has not been previously
described. The increased risk of persistent breath-
lessness in patients with a low baseline NT-proBNP
(<800 ng/L), despite effective relief of LV outflow ob-
struction via technically successful TAVI, may well
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A Baseline NT-pro-BNP < 800 ng/L

1.0

0.8+

0.6+

Sensitivity

0.2+

0.0 T T T
0.0 0.2 0.4 06 0.8 1.0

1 - Specificity
Area under the curve 95% Confidence Interval p-value
0.858 0.749 - 0.967 <0.0001

B Baseline NT-pro-BNP > 10,000 ng/L

1.0

0.8

0.6

Sensitivity

0.29

0.0+ r

0.0 0.2 04 06 08 1.0
1 - Specificity
Area under the curve 95% Confidence Interval p-value
0.821 0.720 - 0.922 <0.0001

Figure 2. Receiver operating characteristic curves demonstrating the diagnostic performance of (A) baseline NT-proBNP
<800 ng/L and (B) baseline NT-proBNP >10 000 ng/L to highlight treatment nonresponse to TAVI at 1-year follow-up, defined
as no improvement in New York Heart Association functional class.

NT-proBNP indicates N-terminal pro-brain natriuretic peptide; and TAVI, transcatheter aortic valve implantation.

suggest an alternative predominant cause for their
symptoms. Indeed, this finding may be partially ex-
plained by the high prevalence of chronic lung disease
in this group (52%)—a recognized risk factor for poor
TAVI outcome and a frequent diagnostic dilemma for
clinicians discerning the relative contributions of aor-
tic stenosis and respiratory disease to an individual
patient’s presentation.3#%® |dentification of a marker
threshold to predict futility of symptom relief with a high
degree of specificity in this cohort is therefore of high
clinical value.

In contrast, because natriuretic peptide levels cor-
relate with the extent of LV hypertrophy,®63” and very
low levels have been associated with myocardial in-
jury,®83° it has been speculated that low circulating
BNP/NT-proBNP levels in patients with AS may repre-
sent an insufficiently developed compensatory mech-
anism for increased wall stress and vulnerability to
irreversible myocardial fibrosis—a substrate for poor
post-TAVI outcomes.®® This concept is not supported
by the diastolic filling parameters at 1-year follow-up
in the present data set, where average estimated left
ventricular filling pressure in treatment nonrespond-
ers with NT-proBNP <800 ng/L (15+5) was similar to
those patients with symptomatic improvement (12+5)
but may merit attention in future work.

J Am Heart Assoc. 2020;9:e017574. DOI: 10.1161/JAHA.120.017574

In the present study, patients with a very high
baseline NT-proBNP level (>10 000 ng/L) and poor
symptom response to TAVI exhibited frequent con-
comitant cardiac damage (impaired LV systolic func-
tion, raised LV filling pressures, significant mitral and
tricuspid regurgitation, elevated pulmonary artery
systolic pressure, and impaired RV function), which
persisted after successful TAVI. This finding is in
agreement with recent analyses suggesting a strong
relationship between the extent of preoperative
secondary “extra-aortic cardiac damage” and poor
postprocedural outcomes following TAVI or surgical
aortic valve replacement.“°-42 Whether this structural
damage is consequential (ie, progressive LV adverse
remodeling and its downstream sequelae) or merely
associated is not possible to discern from the pres-
ent data. However, irrespective of the underlying eti-
ology, a cardiac injury threshold beyond which relief
of LV outflow tract obstruction fails to induce effec-
tive recovery is highly relevant to patient selection
and risk prediction; particularly as TAVI continues
to expand into younger, lower risk populations (with
fewer noncardiac comorbidities), where the extent
of baseline cardiac damage may arguably play an
even greater role. Characterizing this threshold with
a specific serum NT-proBNP level (and appropriate
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Table 4. Univariable and Multivariable Analyses of Baseline Factors Associated With Symptomatic Nonresponse to TAVI

Univariable Multivariable

OR (95% ClI) P Value OR (95% ClI) P Value
NT-proBNP >10 000 ng/L 113.33 (21.04-610.37) <0.0001* 62.65 (6.47-664.99) 0.004"
NT-proBNP <800 ng/L 29.1 (6.73-54.59) <0.0001* 40.68 (7.36-738.21) 0.0001"
Estimated glomerular filtration rate (per 1 mL/min increase) 0.98 (0.97-1.01) 0.989 1.00 (0.96-1.04) 0.869
Chronic lung disease 2.78 (1.27-6.11) 0.010* 6.63 (0.83-53.34) 0.075
Atrial fibrillation 0.57 (0.24-1.35) 0.205 0.13 (0.01-3.09) 0.130
Left ventricular ejection fraction (per 1% increase) 0.98 (0.95-1.04) 0.298 0.99 (0.89-1.10) 0.991
Estimated left ventricular filling pressure 1.02 (0.97-1.16) 0.417 0.98 (0.97-1.10) 0.707
> Grade |l diastolic dysfunction 1.79 (0.87-3.68) 0.109 1.18 (0.09-2.73) 0.138
> moderate mitral regurgitation 3.35(1.18-9.44) 0.023* 4.30 (0.37-49.07) 0.240
> moderate tricuspid regurgitation 2.54 (0.96-6.76) 0.061 4.36 (1.06-11.80) 0.382
Pulmonary artery systolic pressure (per 1 mm Hg increase) 1.05 (1.02-1.10) 0.003* 1.05 (0.98-1.12) 0.205
Right ventricular dysfunction 3.86 (1.45-10.30) 0.007* 1.26 (0.15-10.86) 0.832

NT-proBNP indicates N-terminal pro-brain natriuretic peptide; OR, odds ratio; and TAVI, transcatheter aortic valve implantation.

*indicates significant univariable association.
Tsignificant multivariable association.

diagnostic accuracy) is therefore highly useful and
may also avoid expensive, futile procedures in pa-
tients who will derive no clinical benefit.

A wealth of evidence suggests that TAVI provides
both quality and quantity of life benefits for the majority
of patients with symptomatic AS. Yet a significant mi-
nority fail to realize these even after a technically suc-
cessful procedure.*® The priorities of individual patients
with severe symptomatic AS are likely to be variable.
For those relatively unimpeded by symptoms at base-
line, the priorities may well be reduction in mortality
risk and maintenance of an acceptable quality of life.
However, as previously demonstrated in elderly heart
failure populations, patients greatly limited by symptoms
are highly likely to place greatest value on the extent of
symptomatic improvement.*44% At present, our ability to
hold informed discussions with patients regarding the
anticipated symptomatic outcomes of TAVI is impeded
by the modest predictive capacity of currently available
TAVI-specific risk stratification tools and their failure to
address symptom improvement or change in functional
capacity. The present analysis identifies a clear link be-
tween TAVI futility and thresholds of a readily available
marker (NT-proBNP), which may be easily incorporated
into future risk stratification tools. Further study will as-
certain whether this may be useful in informing patient
selection.

Limitations

Our findings in this relatively small, single-center
study should be considered hypothesis-generating
and interpreted with attendant caution. Further ex-
amination of the findings in an independent exter-
nal cohort is warranted. Frailty status (an important

J Am Heart Assoc. 2020;9:e017574. DOI: 10.1161/JAHA.120.017574

factor determining TAVI outcomes) was not routinely
recorded in the present data set and would certainly
merit assessment in future work. Finally, although a
well-established tool within cardiology, the limitations
of the subjective, categorical NYHA functional clas-
sification system are well documented. Quality of life
metrics and other functional data (eg, 6-minute walk
test distance) may be more sensitive metrics of func-
tional change than NYHA class and systematic collec-
tion of these variables would be desirable in a future
data set.

CONCLUSIONS

Baseline NT-proBNP is a useful prognostic marker
in predicting the absence of symptom relief follow-
ing TAVI. Demonstrating an inverted-U relationship
with improved symptom class at 1 year, patients with
baseline NT-proBNP levels <800 or >10 000 ng/L
derived no functional improvement post-procedure,
suggesting an alternative cause for symptoms in the
former scenario and an irrevocably diseased left ven-
tricle in the latter. Further prospective evaluation of
this relationship is warranted allied with more sensi-
tive objective metrics of functional status.
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Table S1. Univariable and multivariable analyses of baseline factors associated with symptomatic non-response to TAVI.

Univariable Multivariable

OR (95% CI) p-value OR (95% ClI) p-value
NT-proBNP > 10,000 ng/L 113.33 (21.04 - 610.37) <0.0001* 36.21 (17.51 - 186.04) <0.0001**
NT-proBNP < 800 ng/L 29.1 (6.73 — 54.59) <0.0001* 16.11 (6.62 — 103.00) <0.0001**
eGFR < 60 ml/min 1.35 (0.67 — 2.75) 0.404 0.76 (0.23 — 2.47) 0.869
Chronic lung disease 2.78 (1.27 - 6.11) 0.010* 1.85 (0.49 - 6.97) 0.130
Atrial fibrillation 0.57 (0.24 — 1.35) 0.205 1.97 (0.32-12.1) 0.461
Left ventricular ejection fraction < 50% 1.00 (0.43 - 2.35) 0.500 1.21 (0.22 - 6.65) 0.826
E/e'> 14 1.18 (0.59 — 2.37) 0.637 1.71 (0.16 — 3.11) 0.707
> Grade Il diastolic dysfunction 1.79 (0.87 — 3.68) 0.109 0.70 (0.15 - 3.30) 0.659
> moderate MR 3.35(1.18 - 9.44) 0.023* 0.60 (0.10 — 3.57) 0.578
> moderate TR 2.54 (0.96 — 6.76) 0.061 13.34 (0.58 — 30.51) 0.105
Pulmonary artery systolic pressure > 60 mmHg 3.92 (1.09 - 14.16) 0.037* 0.96 (0.02 —5.23) 0.251
RV dysfunction 3.86 (1.45-10.30) 0.007* 1.71 (0.30 — 12.51) 0.082

eGFR - estimated glomerular filtration rate; MR — mitral regurgitation;

TR — tricuspid regurgitation; RV — right ventricular.
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Figure S1. Symptom status defined by New York Heart Association (NYHA) functional class at baseline and one year
after TAVI in: A: Treatment responders and non-responders (defined as ANYHA<0). B: Treatment responders and non-

responders by baseline NT-proBNP category.



