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Abstract

Background Transapical aortic valve replacement

(TAVR) is increasingly being applied in conventionally

inoperable patients with aortic stenosis. The utility of the

cardiac marker NT-pro-BNP has yet not been assessed in

this setting.

Methods NT-pro-BNP was assessed preoperatively,

postoperatively (day 1, 3, 5 and 8) and 2 months after the

intervention in 31 consecutive patients (13 men, 18

women; median age 84) undergoing TAVR and the asso-

ciation with baseline characteristics and outcome was

analysed.

Results Baseline NT-pro-BNP was associated with

baseline creatinine, left-ventricular mass index and NYHA

class and predicted regression of LV-mass after 2 months.

There was no correlation of NT-pro-BNP with measures of

the aortic valve function before or after replacement. The

increase of NT-pro-BNP 3 days after TAVR was inversely

associated with a functional improvement of C1 NYHA

class at 2 months. Baseline NT-pro-BNP was not associ-

ated with 2-month mortality and major adverse events

(death/neurological deficit), whereas the postoperative

increase of NT-pro-BNP after TAVR showed a slightly

significant inverse and the EuroSCORE a significant

correlation.

Conclusions In multimorbid patients undergoing TAVR,

NT-pro-BNP independently predicted regression of LV-

mass after 2 months and early decrease of NT-pro-BNP

postoperatively indicated improvement of functional

capacity at 2 months. There was no association of NT-

pro-BNP with 2-month mortality.
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Introduction

Due to the demographic development the number of old

patients with aortic stenosis introduced for valve replace-

ment is growing [8]. Hence, as these patients frequently

show high comorbidity, minimally invasive procedure

techniques like the transapical aortic valve replacement

(TAVR) are increasingly in the focus of interest [20].

However, even with minimally invasive techniques, the

risk for this patient clientele remains high [4, 23]. In

addition, the nature of peri-procedural complications and

risk predictors may differ from conventional surgical valve

replacement, and established risk scores like the Euro-

SCORE may be insufficient. Therefore, the main scope

must be to evaluate predictors of procedural risk and short-

term benefit resulting from TAVR to clearly define the

target population as evidence is lacking in this field [20].

B-type natriuretic peptides (NP) are excellent markers

of cardiac function including prognostic information on

cardiovascular mortality and morbidity [10, 17, 18]. As

previously shown, the amino-terminal part of proBNP

(NT-pro-BNP) was the strongest prognostic parameter in a

multimorbid cohort of cardiac patients [18]. In patients

with aortic stenosis, NPs correlate with severity of stenosis,
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indicate worse prognosis and can help define the optimal

time point for valve replacement [1, 7, 12, 14]. Further-

more, in patients undergoing conventional aortic valve

replacement, BNP was accurate and superior to the Euro-

SCORE in predicting peri-operative and long-term mor-

tality [3, 11, 15]. Up to now, there are no data on NP

kinetics during TAVR and the impact on prognostic and

functional outcome. Results from previous studies on

conventional aortic valve replacement cannot be trans-

ferred to TAVR as the patient population as well as the

surgical method strongly differ.

Aim of this pilot study was to evaluate the predictive

impact of NT-pro-BNP in patients undergoing TAVR.

Therefore, we assessed NT-pro-BNP levels during and

after the procedure and analysed associations with clinical

and echocardiographic parameters and short-term outcome

in 31 consecutive patients.

Subjects and methods

Patients and data acquisition

Patients undergoing TAVR (Edwards SAPIEN THV,

Edwards Lifesciences) in the department of Cardiothoracic

Surgery of the University of Cologne were consecutively

included for this prospective observational study from

March 2008 until February 2009. All patients underwent

clinical examination and standard transthoracic echocar-

diography preoperative, pre-discharge and 2 months after

TAVR. In addition, NT-pro-BNP was analysed from rou-

tinely assessed blood samples preoperatively, postopera-

tively on day 1, 3, 5 and 8 and 2 months after TAVR as

previously described [16]. The prospectively defined out-

come parameters were death, changes in echocardiographic

parameters and in NYHA class.

The study was approved by the local ethics committee

of the University Hospital of Cologne.

Statistics

Continuous variables appeared to be distributed non-

gaussian and, thus, were summarized using medians and

interquartile range (IQR) unless indicated otherwise.

Comparisons between groups with respect to continuous

variables were performed by non-parametric rank tests

(Mann–Whitney U for independent groups and Wilcoxon

for dependent groups). Qualitative variables were summa-

rized using percentage. Group comparisons were performed

by the Chi-square test. As the distribution of NT-pro-BNP

was highly skewed, log transformation was carried out.

Association of NT-pro-BNP with variables was analysed

with linear regression analysis.

p values below 0.05 were considered statistically sig-

nificant. Statistical analysis was performed using the soft-

ware PASW Statistics version 17.0 for windows.

Results

Baseline parameters

Baseline characteristics of the 31 study patients are shown

in Table 1. 75% of the patients were aged 80 years or older.

The three patients under the age of 75 were selected because

of a porcelain aorta, a severe limitation in pulmonary

function and severe comorbidities (liver cirrhosis, terminal

renal insufficiency, pulmonary hypertension and previous

coronary bypass operation), respectively. 21 (68%) patients

were in NYHA class III or IV. 24 (77.4%) patients had

relevant cardiac and 25 (80.6%) patients had relevant

extracardiac comorbidity. All patients had severe aortic

stenosis (aortic valve area index, AVAI \ 0.6 cm2/m2) and

all patients were symptomatic for aortic stenosis. One

patient had a re-stenosis of a biological valve implanted

2 years ago.

In linear regression analysis including all parameters of

Table 1, only creatinine (standardized b 0.71, p \ 0.0001),

baseline left-ventricular mass index (standardized b 0.42,

Table 1 Baseline characteristics of the 31 study patients

Median (IQR) or number (%)

Age (years) 84 (80; 85)

Gender (male) 13 (41.9)

Coronary artery disease 17 (54.8)

Previous bypass or valve surgery 10 (32.3)

Active malignancy 5 (16.1)

Pulmonary disease 13 (41.9)

Neurological disorder 3 (9.7)

Peripheral vascular disease 11 (35.5)

Angina 14 (45.2)

Syncope 4 (12.9)

Previous cardiac decompensation 8 (25.8)

NYHA class III/IV 21 (67.7)

Ejection fraction (%) 61 (53; 68)

Peak pressure gradient (mmHg) 78 (63; 96)

Mean pressure gradient (mmHg) 45 (40; 58)

Aortic valve area index (cm2/m2) 0.33 (0.26; 0.39)

LV-mass index (g/m2) 141 (126; 157)

Pulmonary hypertension 13 (41.9)

Creatinine (mg/dl) 1.0 (0.9; 1.4)

NT-pro-BNP (pg/ml) 1,975 (1,072; 4,476)

Log EuroSCORE 12.27 (8.94; 19.18)

EuroSCORE 8 (7; 9)
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p = 0.02) and NYHA class (standardized b 0.40,

p = 0.025) were significantly associated with NT-pro-BNP

levels.

Parameters after valve replacement

TAVR with a 23-mm-diameter valve prosthesis was per-

formed in 8 patients and TAVR with a 26-mm-diameter

valve prosthesis in 21 patients. In two patients, the inter-

vention was switched to conventional valve replacement

during the procedure because of dislocation of the

implanted prosthesis.

The kinetic of NT-pro-BNP and clinical parameters is

shown in Table 2 and Fig. 1. Peak pressure gradient and

mean pressure gradient decreased and AVA-index increased

significantly after intervention and did not change signifi-

cantly at the 2-month examination. NYHA class and LV-

mass index significantly decreased at 2 months compared to

baseline.

NT-pro-BNP showed no significant change 24 h after

the intervention but showed a significant increase at 3, 5

and 8 days after intervention with a peak on day 3. After

2 months, NT-pro-BNP levels were still elevated compared

with baseline, which was not statistically significant.

In linear regression analysis, baseline NT-pro-BNP levels

were significantly associated with the regression of the LV-

mass index at 2 months (standardized b -0.69, p = 0.002,

Fig. 2). Each increase in 1 SD of baseline NT-pro-BNP was

associated with a decrease of 21 g/m2 LV-mass index

2 months after valve implantation. Importantly, the associ-

ation with the regression of LV-mass index remained

significantly after adjustment for baseline LV-mass index

(standardized b -0.56, p = 0.002).

Postinterventional NT-pro-BNP (day 3) was signifi-

cantly but weakly associated with the postinterventional

peak pressure gradient (standardized b 0.48, p = 0.02), but

there was no association with mean pressure gradient or

AVA-index. NT-pro-BNP levels at 2 months were not

related to peak pressure gradient, mean pressure gradient,

AVA-index, LV-myocardial mass index or NYHA class.

Outcome

Three (10.7%) patients died within the first 30 days after the

intervention and five (16.1%) patients died within the sec-

ond month after intervention (one of the eight deaths was

due to malignancy). Baseline NT-pro-BNP levels were not

significantly associated with 2-month mortality (p = 0.47,

Fig. 3). Patients with an inframedian NT-pro-BNP increase

3 days after intervention had a lower mortality (6.7%)

compared with patients with a supramedian NT-pro-BNP

Table 2 Development of NT-pro-BNP and clinical parameters during valve replacement

Parameter Preoperative Postoperative 2 months

NT-pro-BNP (pg/ml) 1,975 (1,072; 4,476) 6,275 (1,511; 18,283)* 2,709 (1,022; 6,641)a,b

Peak pressure gradient (mmHg) 78 (63; 96) 17 (15; 21)* 16 (12; 21)*,b

Mean pressure gradient (mmHg) 45 (40; 58) 9 (7; 11)* 8 (6; 10)*,b

Valve area index (cm2/m2) 0.33 (0.26; 0.39) 0.8 (0.70; 0.88)* 0.84 (0.69; 90)*,b

LV-mass index (g/m2) 141 (126; 157) n.a. 121 (110; 138)*

Ejection fraction (%) 61 (53; 68) 63 (58; 66)a 66 (61; 69)a,b

Enddiastolic diameter (mm) 50 (44; 55) n.a. 48 (45; 51)a,b

NYHA classc 2.9 (0.6) n.a. 2.2 (0.6)*

n.a. not analysed
a Not significant versus preoperative
b Not significant versus postoperative
c Presented as mean (SD)

*p \ 0.05 versus preoperative

Fig. 1 Course of NT-pro-BNP before and after transapical aortic

valve replacement (median values)
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increase (35.7%, p = 0.05). Correspondingly, patients who

died had a significantly higher increase in NT-pro-BNP on

day 3 after intervention (factor 7.2, IQR 2.1–8.6) than

patients who survived (factor 1.4, IQR 0.8–2.7, p = 0.03).

In addition, patients with inframedian EuroSCORE/Log

EuroSCORE had a significantly lower mortality (10%/

6.3%) compared with patients with supramedian Euro-

SCORE/Log EuroSCORE (54.5%, p = 0.007/46.7%,

p = 0.01). One patient developed a stroke after the inter-

vention (with minor neurological deficit at 2 months) and

one patient had a severe neurological deficit after resusci-

tation during the intervention. The association of major

adverse events (MAE) composed of death and neurological

deficit at 2 months was significant with the EuroSCORE

(15% in inframedian vs. 63.6% in supramedian, p = 0.006)

and the Log EuroSCORE (12.5% in inframedian vs. 53.3%

in supramedian, p = 0.015) and was of borderline signifi-

cance with the change of NT-pro-BNP on day 3 after

intervention (13.3% in inframedian vs. 42.9% in suprame-

dian, p = 0.08). There was no association of MAE with

baseline NT-pro-BNP. Next to NT-pro-BNP and Euro-

SCORE, none of the variables of Table 1 was associated

with mortality or MAE.

10 (45.5%) of 22 surviving patients (one of the 23

patients was excluded due to switch to conventional

valve replacement) had an improvement of at least 1

NYHA class. Neither baseline NT-pro-BNP, baseline

NYHA class nor the baseline degree of aortic stenosis

was related to changes in NYHA class after intervention.

However, patients with an inframedian increase in NT-

pro-BNP 3 days after intervention showed an improve-

ment of C1 NYHA class in 69.2% compared with 11.1%

in patients with a supramedian NT-pro-BNP increase

(p = 0.01, Fig. 4).

Discussion

This is the first study to evaluate the utility of NT-pro-BNP

as a prognostic marker in patients undergoing TAVR.

Baseline NT-pro-BNP was associated with NYHA class but

not with parameters of cardiac or aortic valve performance.

Postintervention and 2 months after valve replacement, NT-

pro-BNP was not reflecting the improvement in valve

function and functional capacity. However, baseline

Fig. 2 Relation of baseline NT-pro-BNP and changes of LV-mass

index after 2 months

Fig. 3 Association of baseline NT-pro-BNP, NT-pro-BNP changes

3 days after valve replacement and EuroSCORE with 2-month

mortality
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NT-pro-BNP was strongly associated with the regression of

LV-mass at 2 months. Furthermore, an early decrease of

NT-pro-BNP after valve replacement was associated with

an improved functional capacity at 2 months. In contrast to

the EuroSCORE, baseline NT-pro-BNP and the early NT-

pro-BNP decrease after valve replacement were not or only

weakly predictive for 2-month mortality and MAE.

Several studies describe a correlation of NP levels with

morphological and functional cardiac changes reflecting

the severity of aortic stenosis [5, 11, 22, 24]. However, the

tightness of these correlations differs notably in previous

reports. Except for NYHA class and left-ventricular mass

index we did not observe any significant associations in our

cohort, though previous studies included younger patients

with less comorbidity making associations more obvious

due to less influencing factors. Furthermore, previous

studies often examined a wide range in severity of aortic

stenosis including healthy controls. All our patients had

symptomatic severe aortic stenosis. In this narrow range of

advanced disease, correlations are more difficult to detect

and probably a larger sample size is needed. The correla-

tions of NT-pro-BNP with parameters of cardiac and valve

performance were even weaker after the intervention. This

is not unexpected as NP levels unspecifically increase after

any type of cardiosurgical intervention [6]. Even at the

2-month examination the NT-pro-BNP values did not

return to the baseline levels. Neverdal and coworkers

described a normalization of NP levels 6–12 months after

valve replacement and Weber found a significant correla-

tion between changes of BNP and pressure gradient only

12 months after valve replacement [13, 25]. Thus, in

concordance with these data NPs seem to be not suitable

for monitoring the short-term success of reducing the valve

gradient.

A very important finding of our study is that baseline NT-

pro-BNP was strongly associated with the regression of LV-

mass after 2 months. It is already known that NP may better

reflect diastolic load and myocardial hypertrophy than

systolic strain in aortic stenosis [5, 22]. Correspondingly,

we also found a significant correlation of NT-pro-BNP with

baseline LV-mass index. However, to our knowledge this is

the first study to show that high NT-pro-BNP predicts

regression of myocardial hypertrophy in aortic stenosis after

valve replacement even after adjustment for baseline

hypertrophy. Notably, by predicting the regression of LV-

mass and in consequence the improvement in diastolic

function, NT-pro-BNP could also predict the symptomatic

relief which is of high clinical interest to individually select

patients most benefiting from valve replacement. We did

not yet find an association between baseline NT-pro-BNP

and symptomatic improvement at 2 months. However, the

main effect of reverse remodelling occurs 6–12 months

after valve replacement [9]. Further long-term observations

are needed to evaluate the predictive value of NT-pro-BNP

for symptomatic improvement.

In contrast to previous reports on conventional aortic

valve replacement [2, 11, 15], we found only EuroSCORE

and not baseline NT-pro-BNP associated with 2-month

mortality and MAE. However, as already stated, the cited

studies included significantly younger patients with lower

comorbidity. Additionally, in contrast to our results previ-

ous studies found also NYHA class, cardiac and functional

performance to be prognostically relevant, all of which are

strongly related to NP levels. Taken together, this suggests

that in a ‘‘conventional replacement population’’ the degree

of cardiac dysfunction and thereby NP levels plays a lead-

ing role for prognosis. In the ‘‘transapical population’’

comorbidity is higher and, hence, has a dominant influence

on outcome. Although baseline NT-pro-BNP was not pre-

dictive for mortality, an early decrease in NT-pro-BNP after

valve replacement was borderline significant. This may

be attributed to the large inter-individual variation of

NT-pro-BNP levels which is notably pronounced in old and

comorbid patients [19] and underlines the importance

of serial NP measurements in individuals. Accordingly,

impaired renal function as one example also detected in our

study is known to strongly influence NP levels due to the

reduced hormone clearance [21]. Nevertheless, our data

indicate that NT-pro-BNP may not be useful for a pro-

spective risk assessment of mortality in patients introduced

for TAVR. Furthermore, the discrepancy between the log

EuroSCORE (median 12%) and the observed 2-months

mortality of 25%—although still significantly associated—

underscores the limitation of this score in a TAVR patient

cohort.

A limitation on this study is the small patient cohort.

Results have to be confirmed by larger registries. However,

Fig. 4 Association of the improvement in NYHA class after

2 months with NT-pro-BNP changes after valve replacement
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the coherence of NT-pro-BNP and EuroSCORE with

mortality and reverse remodelling which is the main find-

ing of our examination is strongly evident even in this

sample size.

In conclusion, in patients undergoing TAVR serial

NT-pro-BNP measurement and the EuroSCORE show

complementary prognostic value with NT-pro-BNP being

predictive for reverse remodelling and symptomatic

benefit and the EuroSCORE being predictive for mor-

tality. Further studies are needed to evaluate the combi-

nation of both markers to optimize the selection of

patients suitable for TAVR.
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