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Abstract

Objectives: Evaluate whether a multimarker approach might identify patients with higher
mortality and hospitalization rates after aortic valve replacement (AVR) for aortic stenosis (AS).

Background: The society valve guidelines include accepted triggers for AVR in patients with
severe asymptomatic AS, but circulating biomarkers do not have a clear role.

Methods: From a prospective registry of patients undergoing cardiac surgery between 2000 and
2012, 665 treated with surgical AVR (441 isolated) were evaluated. Seven biomarkers were
measured on blood samples obtained prior to AVR. Biomarker levels were adjusted to account for
the influence of age, sex, body mass index, and renal function; the median was used to determine
an elevated value. Endpoints included all-cause mortality and all-cause and cardiovascular
hospitalizations. Mean follow-up was 10.7 years and 299 (45%) died.

Results: Patients with 0-1, 2-3, 4-6, and 7 biomarkers elevated had 5-year mortality of 10%,
12%, 24%, and 33%, respectively, and 10-year mortality of 24%, 35%, 58%, and 71%,
respectively (log-rank p <0.001). The association between an increasing number of elevated
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biomarkers and increased all-cause mortality was observed among those with minimal symptoms
(NYHA I/11) and those with a low NTproBNP (p<0.01 for both). Compared to those with 0-1
biomarkers elevated, patients with 4-6 or 7 biomarkers elevated had an increased hazard of
mortality after adjustment for clinical risk scores (p<0.01) and a 2-3-fold higher rate of all-cause
and cardiovascular rehospitalization after AVR. Similar findings were obtained when evaluating
cardiovascular mortality. Among patients with no or minimal symptoms, 42% had >4 biomarkers
elevated.

Conclusion: Among patients with severe AS treated with surgical AVR, an increasing number of
elevated biomarkers of cardiovascular stress was associated with higher all-cause and
cardiovascular mortality and a higher rate of repeat hospitalization. A multimarker approach may
be useful in the surveillance of asymptomatic patients with severe AS to optimize surgical timing.

CONDENSED ABSTRACT

In patients with severe aortic stenosis undergoing surgical aortic valve replacement, an increasing
number of elevated circulating biomarkers of cardiovascular stress is independently associated
with increased all-cause and cardiovascular mortality and hospitalization rates after surgery. This
association was observed among those with minimal symptoms (NYHA I/11) and those with a low
NTproBNP. Among patients with no or minimal symptoms, 42% had =4 (out of 7) biomarkers
elevated. A multimarker approach may be useful in the surveillance of asymptomatic patients with
severe aortic stenosis to optimize surgical timing.

Keywords
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hospitalization

INTRODUCTION

In the management of patients with severe aortic stenosis (AS), the clinician is looking for
“triggers” to signal that aortic valve replacement (AVR) is appropriate. While the
recommendation to undergo AVR takes into account patient risk, other comorbidities, and
patient preferences, there are widely accepted guidelines for what should trigger a
recommendation for or strong consideration of valve replacement.

In the absence of symptoms, class lla triggers include very severe AS, failure to increase BP
with exercise, severe valve calcification and rapid disease progression (1,2). Circulating
biomarkers have no established role as a trigger for AVR in the U.S. guidelines but a Ila
indication is given for a markedly elevated natriuretic peptide level in the European
guidelines, albeit with level of evidence C (1,2). Most biomarker studies to date have
focused on natriuretic peptides, but some have looked at troponin and other biomarkers (3—
7). Limitations of these prior studies include analyzing a mixture of patients with moderate
or severe AS, analyzing those treated in different ways including medical therapy or surgical
or transcatheter aortic valve replacement, limited follow-up, and not accounting for factors
that confound the association between biomarkers and outcomes, including age, sex, renal
function, and body size.
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Measurement of biomarkers in patients with AS could potentially be useful to minimize
morbidity and mortality before and after valve replacement by optimizing decision making
regarding the timing of valve replacement and identifying higher risk sub-groups who may
need more careful follow-up after valve replacement to minimize heart failure symptoms and
rehospitalization. Accordingly, the aim of this work is to evaluate the prognostic significance
of multiple biomarkers of cardiovascular stress in a more homogeneous population of
asymptomatic and symptomatic patients with severe AS undergoing surgical AVR and
consider the potentially confounding effects of age, sex, renal function, and body size on
these relationships. The biomarkers selected reflect diverse pathways including myocyte
injury, myocyte stress, inflammation, fibrosis, and neurohormonal activation and have
previously been shown to have prognostic utility in AS or non-AS heart failure populations
(8-12). Our objective was not to create a more accurate risk prediction score for outcome
after AVR, but rather to identify what might be a “biomarker trigger” for AVR even in the
absence of symptoms. This is consistent with the approach taken in the analyses that
underlie our current guideline triggers for AVR (1,2).

METHODS

Study population.

Patients were identified from a prospective clinical and biobank registry of patients
undergoing cardiac surgery at Québec Heart and Lung Institute. Those with severe AS
undergoing surgical AVR between March, 2000, and October, 2012, were included in this
analysis. We excluded patients with a prior valve replacement of any valve or patients that
underwent a concomitant mitral, tricuspid, or pulmonic valve procedure at the time of their
AVR. Written informed consent was obtained from all patients.

Clinical and echocardiographic data.

Clinical data were prospectively collected and entered into a database prior to surgery.
Echocardiographic measurements were made according to established guidelines.

Biomarker analyses.

Blood specimen collection before AVR was performed by venipuncture using vacutainers
tubes (BD diagnostics, On, Canada). After centrifugation, plasma or serum was immediately
stored at —80°C until time of assay. High sensitivity cardiac troponin T (hs-cTnT; Roche
Diagnostics, REF 05092744190), human epididymis protein (HE4; Roche Diagnostics, REF
05950929190), cancer antigen 125 (CA125; Roche Diagnostics, REF 11776223322), growth
differentiation factor 15 (GDF15, Roche Diagnostics, test in development), aminoterminal
prohormone of B-type natriuretic peptide (NTproBNP; Roche Diagnostics, REF
04842464190) analyses were all performed on Modular Analytics E170 immunoassay
module (Roche Diagnostics, Laval, Qc, Canada). These analyses have shown optimal
performance as determined using QC from Roche Diagnostics as well as independent QC
samples (Bio-Rad Laboratories, Montréal, Canada). All analyses achieved CV’s (intra-assay
and inter-assay) below 4% at clinical level values. For GDF-15, CA125 and HE4 analyses,
only one lot of reagent and calibrators were used to minimize lot-to-lot variation. In these
cases, CV’s (intra-assay) were below 3%. The high sensitivity C-reactive protein (hsCRP;
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Roche Diagnostics, REF 04628918190) was measured on Integra800 device (Roche
Diagnostics, Laval, Qc, Canada) with a typical performance below 4% for CV’s intra and
inter-assay. Soluble ST2 (sST2) analysis was performed using an ELISA kit (PresageR ST2
assay, Critical Diagnostics, San Diego, CA) and shows an intra-assay CV of 2.6% and an
inter-assay CV about 6.0%. All analytes (biomarkers) were measured from banked samples
after only one freeze-thaw cycle.

Vital status and hospitalizations.

Data on death, reason for death, hospitalizations and reason for hospitalization were
retrospectively obtained from Institut de la Statistique du Québec. To maximize the
interrogation of the central database of the Institut de la Statistique du Québec, a list with
multiple demographics (including first and last names, dates of birth, and social security
numbers) and a delay of 1 year between interrogation and closing follow-up dates were
used. Cardiovascular deaths included those determined to be from a cardiovascular cause
and deaths from an unknown cause.

Statistical analysis.

All continuous and ordinal variables were presented as median (15t quartile, 3" quartile) and
nominal variables as percentages. Baseline characteristics were compared between groups
defined by number of elevated biomarkers (0-1, 2-3, 4-6, and 7 elevated) using the Kruskal-
Wallis test and chi-square test, respectively. Operative mortality was defined as (a) all deaths
occurring during the hospitalization in which the operation was performed, even if after 30
days; and (b) all death occurring after discharge from the hospital, but before the end of the
thirtieth postoperative day.

The association between individual biomarkers and mortality was examined through a series
of Cox proportional hazards models. In addition to unadjusted analyses, models were
created to adjust for Parsonnet score and, separately, for EuroSCORE 2. To facilitate
comparisons between biomarkers, each biomarker was transformed using log base 2 and
then standardized so that a one unit increase in the biomarker represented one standard
deviation increase in the log-transformed biomarker.

Biomarker levels were modified to take into account the influence of age, sex, body mass
index, and creatinine clearance. In separate linear regression models, each biomarker was
transformed using log base 2 and then regressed against age, sex, body mass index, and
creatinine clearance. Using these regression models, each patient had an expected log,
transformed biomarker value for each biomarker. A “modified” biomarker value was defined
as the actual log, transformed biomarker value divided by the expected log, transformed
biomarker value. A biomarker was considered to be elevated if the modified biomarker value
was greater than the median for the whole cohort. The association between quartiles of this
modified biomarker level and mortality was evaluated for each biomarker.

Kaplan-Meier curves and associated 5- and 10-year survival estimates were obtained based
on the number of elevated biomarkers. Additionally, Cox proportional hazards models were
created that included the number of elevated biomarkers and further adjusted for NYHA
class and Parsonnet score or EuroSCORE 2. Start time was date of surgery and patients were
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followed until death or were censored at last available follow-up. The cause of death was
only available on deaths prior to 2015, so analyses of cardiovascular death were censored
after December 31, 2014. Median follow-up time (15t quartile, 3" quartile) based on the
reverse Kaplan-Meier method (13). To determine if the association between number of
elevated biomarkers and mortality varied by clinical, echocardiographic, or procedural
factors, the interaction between number of elevated biomarkers and each subgroup was
evaluated. A separate Cox model was created for each subgroup evaluation. The hazard ratio
per one elevated biomarker was obtained from these models and compared across subgroup
levels based on the interaction. Cardiovascular mortality was evaluated in a competing risk
model via methods by Fine and Grey (14).

Rehospitalizaton event rates per patient-year were computed to account for differences in
observable time among patients. Event rates were calculated by the number of elevated
biomarkers: 0-1, 2-3, 4-6, and 7. A Poisson model with offset equal to the log follow-up
time and Pearson scaling to account for overdispersion was used to obtain estimates and
confidence intervals. Unadjusted estimates and estimates adjusted for NYHA class and
Parsonnet score or EuroSCORE 2 were obtained.

All analyses conducted in SAS 9.4 (SAS Institute Inc., Cary, NC).

Patient population.

Among 665 patients treated with surgical AVR for AS, 441 had an isolated AVR, 143 had
AVR and coronary artery bypass grafting, and 91 underwent AVR and another procedure (10
had both coronary artery bypass grafting and another procedure). Other concomitant
procedures included preventative ascending aortic replacement or repair, Maze, atrial
appendage ligation, closure of inter-atrial communication, and myectomy. During this same
period, there were 2949 patients who also met the inclusion and exclusion criteria of our
analysis except for the fact that they did not have banked blood samples available. When we
compared those 2949 patients to the 665 included in our analysis, the main difference was a
higher prevalence of coronary artery disease in the patients not included (Online Table 1).
The average age in our study population was 70 years, 44% were female, mean LVEF was
60%, 46% had more significant symptoms (NYHA 111/1V), and the mean scores were 12.5
and 2.5 for the Parsonnet score and EuroSCORE 2, respectively. Over a median follow-up of
10.7 (6.7, 13.1) years, 299 (45%) died. Baseline characteristics of the study population
before and after classification according to the number of biomarkers elevated are shown in
Table 1. While there were differences in the prevalence of diabetes, coronary artery disease,
LVEF, NYHA class, mitral regurgitation severity, and clinical risk score, there were no
differences observed for age, sex, or renal function across the groups. Correlations between
the log, transformed biomarker levels and select clinical variables are shown in Online Table
2. For each biomarker, there was a significant association between an increasing biomarker
level and lower LVEF (p<0.001 for all).
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Mortality by NYHA class and NTproBNP level.

NYHA class was not associated with all-cause mortality in this population (Figure 1A).
While a higher raw NTproBNP level was associated with increased all-cause mortality
(Figure 1B), after the NTproBNP level was adjusted for the influence of age, sex, renal
function, and body size, this association was no longer significant (Figure 1C).

Individual biomarkers and mortality.

The association between each individual biomarker and all-cause mortality is shown in
Online Table 3, reported as the standardized log, transformed raw level of the biomarker
both unadjusted and adjusted for the Parsonnet score and EuroSCORE 2. When analyzed in
this way, an elevation in the raw level of each biomarker was associated with increased all-
cause mortality before and after adjustment for clinical risk scores. Then each biomarker
level was modified to account for the influence of age, sex, renal function, and body size as
described in the methods. The association between quartiles of the modified log2
transformed value and mortality is shown before and after adjustment for clinical risk scores
in Online Table 4. The highest hazards for mortality were seen with higher levels of hs-
cTnT, HE4, and GDF15. For each biomarker, survival curves based on quartiles of the raw
level and modified level are shown in Online Figures 1-6.

Multiple biomarkers in combination and mortality.

We considered the number of biomarkers elevated without regard to which specific
biomarker was elevated. As shown in Table 2 and Online Figure 7, as the number of
biomarkers elevated increased, survival at 5 and 10 years declined. To simplify subsequent
analyses and based on the similarities in 5 and 10 year survival rates, we defined 4 groups
according to the number of biomarkers elevated: 0-1, 2-3, 4-6, and 7. Survival curves for
these groups are shown in Figure 2. The association between an increasing number of
biomarkers elevated and increased all-cause mortality is seen in the whole cohort and when
the population is broken down into those with minimal symptoms (NYHA I/I1) versus more
severe heart failure symptoms (NYHA 111/1V). Notably, 42% of subjects with minimal
symptoms had 4 or more biomarkers elevated (Table 2). In an ancillary analysis, we found
that an increasing number of elevated biomarkers (not including NTproBNP) was associated
with increased all-cause mortality among those with or without an elevated NTproBNP level
(Online Figure 8).

Compared to those with 0-1 biomarkers elevated, patients with 4—6 or 7 biomarkers elevated
had an increased hazard of all-cause mortality in unadjusted analyses and after adjustment
for NYHA class and the Parsonnet score or EuroSCORE 2 (Table 3). For each biomarker
elevated, there was an approximately 20% increase in all-cause mortality before and after
adjustment (Table 3). After additional adjustment for comorbidities that differed across the
biomarker groups in Table 1 (diabetes, coronary disease, and mitral regurgitation severity),
the results were similar. The association between an increased number of biomarkers
elevated and increased all-cause mortality was consistent across multiple sub-groups,
including age, sex, renal function, diabetes, coronary disease, LVEF, mitral regurgitation
severity, NYHA class, isolated versus combined AVR, and clinical risk (Online Table 5).
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With respect to cardiovascular mortality (n=127, 42% of all deaths), the results were similar
to those for all-cause mortality, but the hazard associated with biomarker elevations for
cardiovascular mortality was more pronounced than for all-cause mortality (Table 3).
Kaplan-Meier curves for cardiovascular mortality are shown for groups based on the number
of biomarkers elevated in Online Figure 9.

As a sensitivity analysis, we evaluated the association between an increasing number of
elevated biomarkers (per biomarker elevated and based on groups: 2 or 3 elevated; 4, 5, or 6
elevated; and 7 elevated) adjusting for any variables from Table 1 with a univariable
association with mortality (p<0.10) (age, creatinine clearance, transvalvular mean gradient,
diabetes, atherosclerosis, moderate or severe mitral regurgitation, and isolated AVR;
Parsonnet score and EuroSCORE 2 were excluded from these sensitivity analyses). In each
of these additional models, an increasing number of elevated biomarkers was significantly
associated with increased all-cause and cardiovascular mortality with adjusted hazard ratios
comparable to those shown in Table 3.

Multiple biomarkers in combination and rehospitalization.

All-cause and cardiovascular rehospitalization rates are shown in Table 4. There were 2412
all-cause and 718 cardiovascular hospitalizations during follow-up. Compared to those with
0-1 biomarkers elevated, patients with 4 or more biomarkers elevated had a 2-3-fold higher
rate of all-cause and cardiovascular rehospitalization after AVR. After adjustment for NYHA
class and clinical risk score, most of these associations remained significant.

DISCUSSION

Among patients with severe AS treated with surgical AVR, an increasing number of elevated
biomarkers of cardiovascular stress was associated with higher mortality and a higher rate of
all-cause and cardiovascular hospitalization after surgery. The association between an
increasing number of elevated biomarkers and increased mortality was consistent across
several sub-groups, including both those who were minimally symptomatic (NYHA I/11) and
those with more significant symptoms (NYHA [11/1V) as well as those with a low or high
natriuretic peptide level. Notably, 42% of patients with no or minimal heart failure
symptoms had 4 or more biomarkers elevated, so having multiple biomarkers elevated
despite having no to minimal symptoms is fairly common. Collectively, these data suggest
that multiple biomarkers of cardiovascular stress may be useful in the surveillance of
asymptomatic patients and may serve as a trigger for valve replacement even before
symptoms have developed and when natriuretic peptide levels are low. Additionally, those
with a higher number of elevated biomarkers may benefit from more intensive follow-up and
medical therapy after valve replacement to reduce rehospitalizations.

This is the largest multimarker study of patients with AS to date. It was restricted to patients
with severe AS treated with surgical AVR, providing more uniformity to the patients
included in the cohort, and included very long-term follow-up of both vital status and repeat
hospitalization. We also adjusted biomarker levels to account for the confounding influence
of age, sex, renal function, and body size, before evaluating their association with clinical
outcomes. This cohort is very similar to the average patient in the Society of Thoracic
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Surgeons (STS) database undergoing AVR in terms of age, sex, LVEF, and NYHA class
distribution (15). Interestingly, the most common trigger for referral for AVR—symptoms—
was not associated with mortality after AVR in this study, which is consistent with several
other reports (16).

To date, almost all biomarker studies in patients with AS have evaluated a single biomarker,
most commonly a natriuretic peptide (BNP or NTproBNP). Among asymptomatic patients
with moderate or severe AS, a higher natriuretic peptide level predicts symptom onset or a
clinical composite that is usually dominated by the performance of AVR (17). Some studies
show that a higher natriuretic peptide level is associated with increased mortality among
symptomatic patients treated with valve replacement (18). Additional studies have evaluated
high sensitivity troponin, GDF15, and soluble ST2, among others (5,6,19). One study
included an evaluation of multiple biomarkers in combination and showed that an increased
number of elevated biomarkers (GDF15, sST2, and NTproBNP) was associated with a
higher hazard of mortality after transcatheter or surgical aortic valve replacement (7). Across
the board, these analyses have not accounted for the confounding influence of age, sex, renal
function, and BMI on the association between biomarker level and outcomes.

Biomarkers—a window into the biology of the left ventricle?

Chronic pressure overload from valve obstruction leads to hypertrophic remodeling of the
LV characterized by myocyte hypertrophy, myocardial fibrosis, and apoptosis, yielding
diastolic and systolic impairment (20). Cardiac hypertrophy can be both adaptive and
maladaptive, but simply measuring the LV mass does little to distinguish these processes in
an individual patient (21). Furthermore, systolic function is usually measured crudely with
ejection fraction, which can provide misleading reassurance of normal function, particularly
in the hypertrophied heart. The adverse effects of sustained pressure overload on the LV may
occur at a molecular and tissue level well before they manifest on echocardiography or
symptoms develop (22). As such, circulating biomarkers that reflect biological processes in
the LV may provide important insights—as a complement to clinical and echocardiographic
assessment—to inform clinical decision making on the timing of valve replacement.

Clinical implications

Many of the recommendations for valve repair or replacement for various valve lesions are
made based on data like those presented herein, showing that a certain factor (e.g. reduced
LVEF, excessive chamber dilation) is associated with a worse clinical outcome after surgery.
In line with this, we showed that an increasing number of elevated biomarkers is associated
with higher mortality and rehospitalization rates after AVR. This relationship was observed
in patients who are often not referred for valve replacement, including minimally
symptomatic patients and those with a preserved LVEF. While the guidelines recommend
that patients with any heart failure symptoms (i.e. NYHA I1) be referred for valve
replacement, the reality is that the majority of patients are not sent for valve replacement
until they have more severe heart failure symptoms (NYHA 111 or 1V) (15). Notably, 42% of
patients with no or minimal heart failure symptoms had 4 or more biomarkers elevated and
these patients had an increased risk for mortality and hospitalization. As such, these data
suggest that patients that are often not referred for valve replacement (those in NYHA
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functional class I or Il) may benefit from earlier valve replacement, perhaps by preventing
further damage to the pressure-overloaded ventricle, thereby optimizing long-term cardiac
performance and freedom from heart failure.

Looking ahead, more definitive data would need to come from a strategy trial comparing
early valve replacement with clinical surveillance and deferred valve replacement in patients
with severe asymptomatic AS. The current data would be strengthened by evaluating
whether multiple elevated biomarkers identify a sub-group of patients for whom early valve
replacement would yield better clinical outcomes. Further work is also needed to identify
which and how many biomarkers are helpful to measure to identify these patients. While a
multimarker approach is likely to be more fruitful than measurement of a single biomarker, a
more parsimonious list is likely to be useful.

The 665 patients included in this analysis represent only a subset of the patients treated with
AVR at this center over the 12-year period. Due to logistical issues and case urgency, it was
not always feasible to collect biospecimens. For some patients included in the biobank, there
were no more samples available for our analysis. Accordingly, there may have been a
selection bias. Nonetheless, this cohort was similar to those undergoing AVR at our center
during this period without banked blood available and is similar in characteristics to other
large AVR cohorts from this period, including those in the STS database (15). While the
seven biomarkers included in this analysis have each been associated with cardiovascular
pathophysiology and demonstrated to have prognostic utility in AS or non-AS heart failure
population, due to limited sample volumes we were unable to include additional promising
biomarkers of cardiovascular stress that may also or better identify increased risk in patients
with AS. We included patients who underwent isolated AVR and those who underwent a
concomitant procedure, however our primary findings were similar in these two sub-groups
(Online Table 4). We included only patients referred for AVR and our symptom-based sub-
group analysis focused on the presence or absence of heart failure symptoms. Although
dyspnea is the most common symptom of patients with AS, we did not analyze additional
sub-groups based the presence of angina or syncope. This is proof-of-concept study to show
the utility of a multimarker approach to identify patients who may benefit from earlier valve
replacement. The multi-biomarker approach now needs to be validated in asymptomatic
patients with severe AS and no indication for AVR at baseline, but our sub-group analysis of
patients with NYHA functional class I/11 is helpful in this regard. Some of these biomarkers
are not yet commercially available and further work is needed to clarify optimal cut-points
for these biomarkers. As performed in this study, one would need an app to determine what
the expected biomarker level would be for a specific patient based on their age, sex, BMI,
and renal function.

CONCLUSION

An increasing number of circulating biomarkers of cardiovascular stress identifies patients
with severe AS undergoing AVR who have higher mortality and rehospitalization rates after
surgery. Notably, an increased number of biomarkers elevated was associated with higher
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mortality in the sub-groups of patients with no to minimal heart failure symptoms or a low
natriuretic peptide level. These findings suggest that a multimarker approach may be useful
in the surveillance of asymptomatic patients with severe AS and may serve as a trigger for
valve replacement even before symptoms have developed and when natriuretic peptide levels
are low.
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ABBREVIATIONS AND ACRONYMS

AS aortic stenosis
AVR aortic valve replacement
CA125 cancer antigen 125
GDF15 growth differentiation factor 15
HE4 human epididymis protein
hsCRP high sensitivity C-reactive protein
hs-cTnT high sensitivity cardiac troponin T
LV left ventricle or left ventricular
LVEF left ventricular ejection fraction
NTproBNP aminoterminal prohormone of B-type natriuretic peptide
NYHA New York Heart Association
sST2 soluble ST2
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PERSPECTIVES
WHAT IS KNOWN?

The society valve guidelines include accepted triggers for AVR in patients with severe
asymptomatic AS, but circulating biomarkers do not have a clear role.

WHAT IS NEW?

An increasing number of elevated circulating biomarkers of cardiovascular stress is
associated with increased all-cause and cardiovascular mortality and hospitalization rates
after aortic valve replacement for severe AS. This association was observed among those
with minimal symptoms (NYHA I/11) and those with a low NTproBNP. Among patients
with no or minimal symptoms, 42% had >4 (out of 7) biomarkers elevated.

WHAT IS NEXT?

Biomarker cut-points and the type and number of biomarkers in the multimarker panel
need to be clarified. Incorporating biomarkers into a strategy trial testing early versus
deferred valve replacement for patients with severe asymptomatic AS could further
clarify whether the sub-group of patients with elevated biomarkers benefits, perhaps
selectively, from earlier valve replacement.
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Figure 1. NYHA class, NTproBNP, and mortality after surgical aortic valve replacement.
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Kaplan-Meier curves are shown based on NYHA class (a), raw level of NTproBNP (b), and
modified level of NTproBNP (c) for patients treated with surgical aortic valve replacement.
The modified level of NTproBNP accounted for the influence of age, sex, body mass index,
and renal function on NTproBNP levels.
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Figure 2. Multiple biomarkers and mortality after surgical aortic valve replacement.
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Kaplan-Meier curves are shown for number of biomarkers elevated (0-1, 2-3, 4-6, or 7) for
patients treated with surgical aortic valve replacement. Curves are shown for all patients (a),
those with NYHA 1/11 (b), and those with NYHA 11/IV (c).

JACC Cardjovasc Interv. Author manuscript; available in PMC 2019 November 12.



Page 15

Lindman et al.

Author Manuscript

“(saInuaatad YIS/ ‘YIGZ) UeIpaW J0 9 Se UMOUS ereq

950 %z %2 %E %T %E yreaq annessdo
1200 %65 %L9 %T9 %LL %99 AV Pare[os|
100°0> (08'92) 6°€ (Sv'sT)IL'C (6eeT)ICTC (€T 8T (zv'eT)gC Z 3400s0in3
1000> | (§1€'02T) €02 (01z'08) SVT (§L1'09)STT (091'5°9) 0°0T (0z'99) GeT 81005 J8uUUOSIed
6700 %0€ %62 %6T %9T %Z (%) YN 813n8s/oYRIBPOIN
ero (65'2€) 57 (95'v€) v (s5've) eV (05'8¢) £ (95'v€) ev (BHww) juaipelf ueay
500 (8'0'5°0) ¥9°0 (8°0'9°0) 020 (8'0'9°0) 020 (6'0'9°0) 020 (8'0'9°0) 020 (zwo) vAY
100°0> (e9's€) 05 (89'05) 09 (02'5S) 09 (€2'09) 59 (02'28) 09 uonaesy uonasfa Al
100°0> %0L %08 %0¥ %LE %9% AIIITYHAN
z€0 (18'19) ¥9 (58'95) 02 (08'09) 69 (82°09) 89 (¢8'65) 69 30UBJE3|0 BUIUNEaID
80 %Y %9 %8 %9 %L (%) 10d
200 %EY %LE %CE %2e %EE aseasip Aale AluoioD
€000 %0€ %0€E %TZ %¥T %T sajagelq
910 %Iy %6Y %Iy %8E %t a[ewad
0.0 (62'09) 2L (8L'79) 1L (92'¢9) 0L (LL'e9) 1L (22'¢9) 1L (s1eak) aby
Sal1s1a319e4eyd |BIIUl|D
100°0> (6'2€'2'12) L'92 (8'€2'09T) T6T | voc'syD) viT | (2LT6en) 6wt | (022’8 vT) 18T (wyBu) z1ss
100°0> (ze1'87) 66 (09'cT) 6T (62'80) ST (5T'5°0) 60 (8%'80) 6T (1/Bw) d¥osy
1000> | (9z1S'2etT) €t62 | (8YYT'SS2) 19 ((ce9'LTT) L82 (622'92) 05T (¥26'svT) 06€ (Tw/Bd) dNgoId LN
1000> | (950v'2TLT) 2882 | (60TZ'L1OT) 80ST | (6S¥T'¥eL) v€OT | (86TTTTL) €68 | (T98T'0S8) T2zt (w/6d) sT4@9
100°0> (T'99'6°'LT) 9'G€ (T°02'5°01) ¥'¥T (SyTv2) 1ot (60oT'TL) 26 (r'21'€'8) 8'TT (7N szTvO
1000> | (629T'0°06) ¥'0¢T | (0'80T'8'19) 8'6L | (6'92.°T'87) 985 | ('89'9°9v) L'6S | (+'16'8°€S) 8'L9 (inowd) y3H
100°0> (7'15'6'8T) 922 (0'sz'e’01) ¥'ST (g'91'2'9) 90T (6'7T'09) 0'6 (zozgs) 9zt (1/Bu) Lu1d-sy
S|9As] SdaxJewolg

nond | pora e Gz | S| e

sJayJewolq / sigydewolq 9—¢ | siexdewolq -z | s4exJewolq 1-0 I

paleAs|3 sdeyJewolg Jo JaquinN a8yl 01 Bulpaoddy solslIs1oeIey auljeseg

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

JACC Cardjovasc Interv. Author manuscript; available in PMC 2019 November 12.



Page 16

Lindman et al.

“JuBWadR|dal AJRA D110 ‘YAY ‘uoirenfinbal jesuw ‘YA ‘esse anjeA
21L0B YAV Ie[NOLIUSA P3| ‘AT ‘UOIRIN0SSY LeaH YIOA MAN ‘WHAN ‘UonuaAIaiul A1euosod snosueinaiad ‘|Dd ‘Z1S a1qn|os ‘Z1Ss ‘uisioid aanoesi-0 Auanisuas ybiy ‘94osy ‘epndad onainuyeu adAl-g jo
auowJoyold [euiwalouIwe ‘Ngoid1 N ‘GT 40108} uolenuaIsPIp YimolB ‘sT4a9 ‘GgT usbnue 1aoued ‘GzTvD ‘usioid siwApipids uewny ‘y3H ‘1 uluodon Jeipsed AuAiisuas Ybiy ‘1 u | 9-sy SUONEIAIGY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JACC Cardjovasc Interv. Author manuscript; available in PMC 2019 November 12.



Page 17

Lindman et al.

Author Manuscript

UOIRID0SSY LeaH YIOA MAN ‘VHAN :SUONRIASIGY

(%S '%ST) %62 | (%8L '%TS) %L9 (%11) 2€ (%) ¥T (%2) 9v L
(%6Y ‘%SE) %2y | (%18 ‘%TL) %9L (%S) 9T (%8e) GeT | (%TY) TL2 9-v
(%2L '%8S) %S9 | (%26 ‘%EB) %88 (%T1¢€) €6 (%6€) ovT | (9%SE) £€C £-¢
(%8 ‘%¥9) %9. | (%56 '%ES) %06 (%eT) o (%6T) 89 (%9T) 80T -0
sal106a1ed

J3xJeuwolq payeAs|3

(%S '%ST) %62 | (%8L '%TS) %L9 (%7171) 2€ (%) ¥1 (%) 9% L
(%¥S ‘%62) %Iy | (%28 ‘%29 %v.L (%¥T) TV (%6) €€ (%TT1) v2 9
(%Y '%TE) %eY | (%8 '%59) %9L (%v1) €7 (weT) 9y | (%S€ET) 68 S
(%S5 '%0€) %2y | (%698 ‘%669) %6. (%.1) 25 (%91) 95 | (%65'9T) 80T 14
(%eL '%vS) %v9 | (%06 ‘%LL) %S8 (%ST) 57 (%ee) L2 | (%ws'8T) et )
(%92 ‘'%SS) %99 | (%696 '%S8) %¢6 (%91) 8 (%8T) €9 (%L7) TTT 14
(%98 '%€9) %LL | (%v6 ‘%6L) %88 (%01) 62 (%ST) 25 (%er) 18 T
(%88 ‘%9¥) %eL | (%666 '%9L) %96 (%b) T1 (%) 91 (%v) L2 0
(%65 '%08) %SG | (%S8 ‘%6.) %8 |  (%9r) 90€ (%vs) 65€ | (9600T) G99 1121970

(%) ou (%) ou (%) "ou
[eAIAns Jesh OT [eAIAINS Jedk g AITYHAN | 1TH/TVHAN [e10L payens|a siaxaewolg
syusied

Pa1eA3|a SA8X4eWoIq JO 4aguinu ayy 01 Buipaodoe sieak 0T pue G 18 [eAIAINS

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

JACC Cardjovasc Interv. Author manuscript; available in PMC 2019 November 12.



Page 18

Lindman et al.

Author Manuscript

‘|eAJBIUI BDUSPIIUOD ‘|D ‘0Nl pJezey ‘YH :SUONRIAIGQY

"2 3409504n3 8y pue (11/1 'SA AI/II) SSe|9 YHAN 104 sisnfpe g |spoiN
"

x

*9100S 18UU0SIEd 3y} pue ([1/1 'SA AI/IH) SSIO WHAN 404 s1snfpe T [poN

. (6€T'T'T) . (e€'1'80°T) . (zr12TT) | (porensis Jasprewolq jeuonippe Jad)
T00°0> <71 T00°0> 071 T00°0> 62'T paleAs|s saaxewolg
to00> | BLTLETD | gogg | 68 89D | ggpqs | (9L 92 pajendfs siiewONg .

oo | WEED | ggg | @SPOD | papq | (B9 8T PRYeA3[o SIOAIRWON] 9—p
600 @m.%m..ﬁm.ov 9T'0 Qm.w, N...Ww.ov 600 Amw.wm..mm.ov PaleAs|a siaylewolq £-¢
(parens|a T—0 SI 1UaJIa)aJ)
palens|a saaxJewolg
) (10 %56) } (10 %56) y (10 %56)
anjen-d HH anpea-d HH anjen-d HH
wx C IPPON « U IBPON paisnipeun
Aleriow Jejnasenolpied

. (62T 'v1'T) . (sz'T'0T'T) . (2e'1°21'T) | (pavenala Jadirewolq [euonippe Jad)
T00°0> 121 100°0> ITT 100°0> VT pa1eAs|s siaydewolg
tooo> | ©EL0SD | gnpg | WO | qoggs | (557200 potendfa siiewoNg .
000> @o.w.w@.c 000> aﬁ.wo.wvs 000> AQ.W.W@.HV PaIBASIR SIBHBWOI] 9~

910 Amo.m.m_mm.e 20 sm.mm_.mm.e 020 am.ﬁm.%.e DITEA3J3 SIBHIBLIOI] §-7
(parens|a T—0 SI 1UaJIa)al)
palens|s siaxJewolg
. (12 %56) - (12 %56) - (12 %56)
anfea-d HH anjen-d oM anpea-d oM
2 C IPPON » U IBPON paisnlpeun
Ayperiow asneo-||v

Ao Jejnasenolpaed pue asned-||v 10§ S|SPOIAl 3|geIieAllNIA]

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

JACC Cardjovasc Interv. Author manuscript; available in PMC 2019 November 12.



Page 19

Lindman et al.

UOI1BI100SSY LeaH YI0A MaN ‘VHAN :SUOIRIAIGAY

pue $5e12 VHAN 40} paisnlpy

pue ss2|2 YHAN 40} parsnipy

810°0=d ‘'2T'C 80°0=d ‘1.'T 700°0>d ‘28°Z L
1000>d ‘T2 G000=d ‘28T 100°0>d '62'C 9
Ly0=d‘0z'T 890=d ‘0T'T 8y'0=d ‘0¢'T €¢

'SA) 9sea0ul mmwum:%m annedy | sa) aseasoul mmwum:mi annedy | 'sA) aseasoul QMNOH%% anneey
(0g'0 ‘2T0) 6T°0 (9z°0'1T°0) 910 (8€°0'9T°0) v2'0 2L TT'¥6C L
(¥2'0'91°0) 610 (zz'0'sT°0) 810 (¥2'0'91°0) 020 213 [ARAL)S 9
(710 '80°0) 1T°0 (10 '80°0) 170 (¥1°0'80°0) 010 L6T 186881 €
(¥1°0 '90°0) 600 (¥7°0'90°0) 010 (€7°0'90°0) 600 Ll 2€'888 -0
o | AR | owss | AR | iowss | e | s | st | o
suonezijelidsoysy Jejnasesoipied
¥00°0=d ‘¥.'T ¥€0'0=d ‘'8¥'T 100°0>d ‘€22 L
100°0>d ‘v2'T T00°0>d ‘95°T 700°0>d ‘€8T 9
61°0=d'02'T 9g'0=d 'eT'T 61°0=d'12'T €-¢

'SA) 8sealoul wmwuw:mi anne|ay | 'sa) asealoul mmmwcw% anIe|dy | "sA) asealoul mmwumc?m ENIETENS|
(08'0 'sv°0) 090 (t0'1v°0) ¥S'0 (86'0'95°0) V.0 812 TT'v6¢C L
(890 '€50) 09°0 (790 ‘'05°0) 150 (690 '¥5°0) 190 6ETT [ARALS 9
(8v°0 '9€°0) 70 (L'0'9€°0) 70 (L0 '5€°0) or'0 09. /86881 €¢
(ev'0'220) V€0 (9%°0 ‘62°0) 9g°0 (ev0'92°0) €€0 S6¢ 2€'888 -0
oss | R | tooss | ARG | rovss | AANTED | o Shenny | st | SRHR

2 340D2s04n3 81095 13UU0sied paisnipeun

suonezifedsoyay asneo-||v

Author Manuscript

‘v alqeL

Author Manuscript

suonezijendsoyal J1ejnaseAolpaed pue asned-||v

Author Manuscript

Author Manuscript

JACC Cardjovasc Interv. Author manuscript; available in PMC 2019 November 12.



	Abstract
	CONDENSED ABSTRACT
	INTRODUCTION
	METHODS
	Study population.
	Clinical and echocardiographic data.
	Biomarker analyses.
	Vital status and hospitalizations.
	Statistical analysis.

	RESULTS
	Patient population.
	Mortality by NYHA class and NTproBNP level.
	Individual biomarkers and mortality.
	Multiple biomarkers in combination and mortality.
	Multiple biomarkers in combination and rehospitalization.

	DISCUSSION
	Biomarkers—a window into the biology of the left ventricle?
	Clinical implications
	Limitations

	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

