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Abstract

Aims Hypertension is a major contributor to cardiac diastolic dysfunction. Different therapeutics strategies have been
proposed to control blood pressure (BP), but their independent impact on cardiac function remains undetermined. In patients
with resistant hypertension, we compared the changes in cardiac parameters between two strategies based on sequential
nephron blockade (NBD) with a combination of diuretics or sequential renin-angiotensin system blockade (RASB).
Methods and results After a 4-week period where all patients received Irbesartan 300 mg/day + hydrochlorothiazide
12.5 mg/day + amlodipine 5 mg/day, 140 resistant hypertension patients (54.8 ± 11.1 years, 76% men, mean duration with
hypertension: 13.1 ± 10.5 years, no previous history of heart failure or current symptoms of congestive heart failure) were
randomized 1:1 to the NBD regimen or to the RASB regimen at week 0 (W0, baseline). Treatment intensity was increased
at week 4, 8, or 10 if home BP was ≥135/85 mmHg, by sequentially adding 25 mg spironolactone, 20–40 mg furosemide,
and 5 mg amiloride (NBD group) or 5–10 mg ramipril and 5–10 mg bisoprolol (RASB group). No other antihypertensive drug
was allowed during the study. BP, BNP levels, and echocardiographic parameters were assessed at weeks 0 and 12.
The baseline characteristics, laboratory parameters, and plasma hormones (BNP, renin, and aldosterone) and cardiac
echocardiographic parameters did not significantly differ between the NBD and the RASB groups. Over 12 weeks, BNP levels
significantly decreased in NBD but increased in RASB (mean [CI 95%] change in log-transformed BNP levels: �43% [�67%;
�23%] vs. +55% [46%; 62%] in NBD vs. RASB, respectively, P < 0.0001). Similarly, the proportion of patients presenting ≥2
echocardiographic criteria of diastolic dysfunction decreased between baseline and W12 from 31% to 3% in NBD but increased
from 19% to 32% in RASB (P = 0.0048). As compared with RASB, NBD induced greater decrease in ambulatory systolic BP
(P < 0.0001), pulse pressure (P < 0.0001), and systemic vascular resistance (P < 0.005). In multivariable linear regression
analyses, NBD treatment was significantly associated with decreased BNP levels (adjusted ß: �46.41 ± 6.99, P < 0.0001)
independent of age, gender, renal function, and changes in BPs or heart rate.
Conclusions In patients with resistant hypertension, nephron blockade with a combination of diuretics significantly improves
cardiac markers of diastolic dysfunction independently of BP lowering.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) has
been reported to account for almost half of all heart failure

(HF) patients. HFpEF typically occurs in association with
advanced age, cardiovascular, metabolic, and proinflamma-
tory comorbidities.1 One of the most common comorbidities
associated with HFpEF is arterial hypertension, which is
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thought to favour the development of left ventricular
(LV) stiffening, hypertrophy, and consequent diastolic
dysfunction.2 Patients with resistant hypertension
(RHTN), defined as a failure to reach seated office
systolic blood pressure < 140 mmHg or diastolic blood
pressure < 90mmHg while treated with an appropriate three
drug regimen that includes a diuretic have a higher risk to
develop HF, notably HFpEF.3,4

Consequently, current European and U.S. guidelines
recommend treating hypertension in HFpEF patients with
diuretics, angiotensin-converting enzyme inhibitors (ACEIs)/
angiotensin-II-receptor blockers (ARBs), mineralocorticoid
receptor antagonists (MRAs), or beta-blockers.3 These
anti-hypertensive drugs have different pharmacological
targets with potential impact on myocardial remodelling or
on the further development of cardiac dysfunction.3 For
instance, one of the major contributors to RHTN is fluid
retention, which also contributes to increase LV filling
pressures.5,6 Aldosterone blockade with mineralocorticoid
receptor antagonist has been shown to reduce myocardial
fibrosis, an important component observed in HFpEF.7,8

Reciprocally, the use of beta-blockers in HFpEF patients is
debated as potentially associated with increased risk of
cardiovascular outcomes.9 The optimal antihypertensive
strategy in patients with RHTN to both treat hypertension
and improve cardiac diastolic dysfunction is thus currently
undetermined.

The ‘Management of Resistant Hypertension: Comparison
of Two Treatment Strategies: Increase Sodium Depletion or
Combined Blockage of Renin-angiotensin System (RAS)’
(‘PHARES trial’, NCT00224549)10 compared the efficacy of
two different anti-hypertensive pharmacological strategies
in RHTN patients. The primary results showed that sequential
nephron blockade (NBD) with different diuretics (i.e.
furosemide, spironolactone, and amiloride) acting on three
segments of renal tubule of the nephron induced a large
and well-tolerated reduction in BP compared with a strategy
with combined renin-angiotensin system blockade (RASB)
with irbesartan, ramipril, and bisoprolol.

In this pre-specified substudy of the PHARES trial, we
aimed to evaluate and compare the changes in cardiac
biomarkers (BNP) and echocardiographic parameters of
diastolic dysfunction according to the two anti-hypertensive
strategies in RHTN patients.

Methods

Study design

The design of this 12-week, single-centre, prospective,
randomized, open, blinded endpoint trial with optional drug
titration has been described elsewhere10 and will be

summarized briefly here. The study was approved by the
Ethics Committee of Cochin hospital in Paris and is registered
with Clinicaltrials.gov NCT00224549. All patients provided
written informed consent, and all procedures followed
were in accordance with institutional guidelines and the
Declaration of Helsinki.

Briefly, eligible men or women were aged 18 to 75 years,
with essential hypertension resistant to three or more
antihypertensive drugs including a diuretic (supine office
blood pressure BP at least 140 and or 90 mmHg). The main
exclusion criteria were secondary hypertension, history of
severe cardiovascular disease (cardiac surgery or
percutaneous coronary angioplasty), or stroke in the past
3 months, atrial fibrillation, uncontrolled diabetes
(HbA1c > 8%), and estimated glomerular filtration rates less
than 40 mL/min (modification of diet in renal disease
formula). The patients entered a 4-week standardized
triple-therapy regimen comprising hydrochlorothiazide
(12.5 mg/day), irbesartan (300 mg/day), and amlodipine
(5 mg/day) (Figure 1A). After 4 weeks of the standardized
triple-therapy regimen, patients with a mean daytime ambu-
latory systolic blood pressure ≥ 135 mmHg and/or mean day-
time ambulatory diastolic blood pressure ≥ 85 mmHg were
randomized 1:1 to the NBD regimen or to the RASB regimen
at week 0 (W0, baseline). Treatment intensity was increased
at week 4, 8, or 10 if home BP was ≥135/85 mmHg, by se-
quentially adding 25 mg spironolactone, 20–40 mg furose-
mide, and 5 mg amiloride (NBD group) or 5–10 mg ramipril
and 5–10mg bisoprolol (RASB group). No other antihyperten-
sive drug was allowed during the study.

At W4, W8, W10, and W12, patients reported to the cen-
tre at approximately 0830 h, without having taken their
morning dose, to undergo safety, office BP, and laboratory
assessments.

Evaluation of cardiac biomarkers and diastolic
function

BNP levels were measured at baseline and at the 12-week
follow-up visit. The cut-offs BNP levels were defined in line
with current guidelines in non-acute settings: BNP levels
above 100 pg/mL were considered as likely indicating the
presence of HF while BNP levels below 35 pg/mL were
considered as invalidating the presence of HF.1 The grey zone
was comprised between these two limits.

Trans-thoracic echocardiography was also performed at
baseline (W0) and at the last follow-up visit (W12) with a
Vivid 7 ultrasound system (General Electric Vivid 7, GE Health
care) and by the same experienced operator blind to the ran-
domization group, as described previously.11 Cardiac dimen-
sions including wall thickness, ventricular diameters, and
left atrial area were measured in accordance with the Amer-
ican society of the echocardiography guideline.12 Pulse wave
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FIGURE 1 Design of the study.
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Doppler recordings of the LV inflow were obtained from the
apical four chambers view with the simple volume place be-
tween the types of the mitral leaflets. Tissue Doppler was
used to measure septal and lateral velocity of the mitral an-
nulus. Maximal velocity of tricuspid insufficiency and left
atrial area in four chamber apical view were also assessed.
According to the European Society of Cardiology and Ameri-
can Society of Echocardiography guidelines, left atrial area,
septal, and lateral E wave velocity, E/E′ ratio and tricuspid in-
sufficiency velocity were measured to assess cardiac diastolic
function.12,13 Abnormal measurements were considered for
left atrial area >20cm2, septal or lateral E wave measured
by tissue Doppler <7 or <10 cm/s, respectively, E/é
ratio > 14 or tricuspid insufficiency velocity > 2.8 m/s.
Diastolic functions were considered as normal if zero or one
criterion was met and undetermined if two criteria were
met. Diastolic dysfunction was defined if ≥3 of these criteria
were met.

Haemodynamic and vascular measurements

Supine office BP was measured with a validated electronic
device (Omron M4; Omron Co., Kyoto, Japan), as previously
described.10 Twenty four-hour ambulatory, daytime (from
07:00 to 22:00) and nighttime (from 22:00 to 07:00) BP
and heart rate (HR) monitoring was performed with
Spacelabs 90207 monitor (Spacelabs Healthcare, Issaquah,
Washington).10

Systemic vascular resistance (SVR) was calculated using the
formula: SVR = (daytime mean arterial BP blood pressure �
central venous pressure) × 79.92/cardiac output.

Mean arterial blood pressure was calculated with the for-
mula: (daytimemean arterial systolic blood pressure + 2 × day-
time mean arterial diastolic blood pressure). Cardiac output
was estimated with the formula: [π/2 × (LV outflow tract
diameter)2 × LV outflow tract sub-valvular velocity time
integral)] × heart rate.

In line with the lack of clinical congestive signs in these
patients, central venous pressure was estimated to 3 mmHg
for all patients. Because none of the patients had clinical signs
of congestive HF, central venous pressure was estimated to
be 3 mmHg for all patients.14

Central BP and pulse wave velocity (PWV) were measured
at baseline at W12 by aplanation tonometry using the
Sphygmocor device (AtCor, Sydney, Australia) as described
previously.15,16 This system uses a single element tonometer
applied on the radial artery. Then a validated transfer
function is used to evaluate aortic BP. PWV was measured
between the carotid and the femoral waveforms using the
R-wave of the ECG for the synchronization and was calibrated
using the 0.8× factor.15,16

Laboratory parameters

Blood was sampled at baseline and at the last follow-up visit
in fasting conditions at ≈09:00 after 30 min rest in supine po-
sition to measure plasma renin, aldosterone, BNP, creatinine,
sodium, potassium, and protein concentrations. Plasma renin
concentration was determined using the RENIN III GENERA-
TION radioimmunometric assay kit from Cisbio Bioassays
(Bedford, MA, USA). Plasma concentration of aldosterone
was determined using the solid-phase 125I radioimmunoassay
kit ‘Coat-A-Count® Aldosterone’ from Siemens (Los Angeles,
CA, USA). Plasma BNP concentration was measured using a
Chemiluminescence Dx1800 (Beckman Coulter) technique.
All BNP values below the detection limit of 1 pg/mL were
set to 1 pg/mL.

Statistical analysis

Continuous variables are expressed as means ± standard de-
viations for variables normally distributed and median
[Q1 Q3 interquartile range] for others. Categorical variables
are expressed as numbers and percentages. A Student’s t-test
was used for continuous variable and a χ2 square test or Fish-
er’s exact test for categorical variable was performed for
comparison between groups and between baseline and week
12. Statistical results are presented as mean differences, with
two-tailed 95% confidence intervals for variables normally
distributed or variation as percent with two-tailed 95% confi-
dence intervals for others.

The main endpoint was the absolute change in BNP levels
from baseline to week 12 in both groups. For BNP values un-
der the limit of detection (1 pg/mL), BNP was set at this
value. Factors influencing the variation over 12 weeks of
log-transformed BNP were assessed using univariable and
multivariable linear regression analyses. In addition to age
and gender, the factors related at the P < 0.1 level were fur-
ther selected for multivariable analyses and corresponding
beta coefficient, standard deviations, and P values were
reported.

R (version 3.5.0) was used for statistical analysis. To adjust
for multiple testing, a P value < 0.01 was considered statisti-
cally significant.

Results

Patients characteristics at randomization

Among the 167 patients randomized for the main study, BNP
levels were available at both randomization and the 12-week
follow-up visit for 140 patients: 73 patients randomized to
the NBD group and 67 to RASB group (total 140 patients,

2564 D. Fouassier et al.

ESC Heart Failure 2020; 7: 2561–2571
DOI: 10.1002/ehf2.12832



Figure 1). The baseline characteristics, laboratory parameters,
and plasma hormones (BNP, renin, and aldosterone) did not
significantly differ between the NBD and the RASB groups
(Tables 1 and 2). None of these patients had previous history
of HF or current symptoms of congestive HF.

The proportion of patients with baseline plasma BNP
concentrations < 35 pg/mL, between 35 and 100 pg/mL,
and >100 pg/mL did not significantly differ between the
two groups (Figure 2A and 2B). Only three (4.1%) patients
of the NBD group and one (1.5%) of the RASB group had
baseline plasma BNP concentrations > 100 pg/mL.

Among the 140 patients with BNP measurements, 45 pa-
tients in NBD group and 40 in RASB group had TTE record-
ings available for analysis (Figure 1B). At baseline, there

was no significant difference in echocardiographic parame-
ters between the two groups (Table 3). The mean LVMI in
men were 103.3 ± 21.2 g/m2 in NBD group and
100.8 ± 26.6 g/m2 in RASB group (P = 0.573), and in women,
95.3 ± 21.5 g/m2 in NBD group and 92.5 ± 19.7 g/m2 in
RASB group, (P = 0.765). A total of 21 patients (11 women
and 10 men) had LV hypertrophy. The echocardiographic pa-
rameters required to score diastolic dysfunction were avail-
able in 32 patients of the NBD and 31 patients of the
RASB arm. Nine patients in NBD group and five patients
in RASB group had undetermined level of diastolic
function, and one patient in each group had echocardio-
graphic diastolic dysfunction (P = 0.676, Table 3, Figure 2C
and 2D).

Table 1 Baseline characteristics of patients with resistant hypertension randomized to nephron blockade or renin-angiotensin system
blockade group and complete BNP evaluation

n = 140 NBD group n = 73 RASB group n = 67 P

Age (years) 55.8 ± 10 53.7 ± 10.3 0.233
Men, n (%) 54 (74) 53 (79) 0.475
BMI (kg/m2) 30.0 ± 4.9 28.3 ± 3.8 0.031
Obesity (BMI > 30 kg/m2), n (%) 32 (44) 24(36) 0.334
Diabetes mellitus, n (%) 12 (15) 15 (22) 0.609
Dyslipidemia, n (%) 46 (63) 40 (60) 0.326
Duration of hypertension (years) 14.3 ± 10.3 12.7 ± 10.6 0.352
Daytime ambulatory SBP (mmHg) 148.7 ± 12.4 149.9 ± 12.1 0.569
Daytime ambulatory DBP (mmHg) 91.4 ± 10.1 93.3 ± 9.3 0.245
Daytime ambulatory PP (mmHg) 57.4 ± 10.6 56.6 ± 11.2 0.694
Daytime ambulatory HR (bpm) 79.6 ± 9.9 81.7 ± 10.2 0.375
Night-time ambulatory SBP (mmHg) 137.2 ± 13.1 135.4 ± 13.5 0.419
Night-time ambulatory DBP (mmHg) 81.0 ± 9.9 80.9 ± 9.5 0.941
Night-time ambulatory HR (bpm) 70.3 ± 8.8 69 ± 9.9 0.446
Night-time ambulatory PP (mmHg) 56.2 ± 10.2 54.5 ± 10.5 0.332
Pulse wave velocity (m/s) 10.9 ± 2.1 10.9 ± 1.9 0.949

BMI, body mass index; DBP, diastolic blood pressure; PP, pulse pressure; SBP, systolic blood pressure.
Results are mean ± SD or mediane [IQR].

Table 2 Comparison between the two arms of treatment of haemodynamic and biological parameters at weeks 0 and 12

Week 0 Week 12

NBD (n = 73) RASB (n = 67) P Value NBD (n = 73) RASB (n = 67) P Value

Plasma BNP (pg/mL) 21 [11–33] 17 [10–27] 0.216 12 [8–22] 40 [17–64] <0.0001
Daytime ambulatory SBP (mmHg) 148.7 ± 12.4 149.9 ± 12.1 0.569 128.0 ± 11.7 142.1 ± 17.7 <0.0001
Daytime ambulatory DBP (mmHg) 91.4 ± 10.1 93.3 ± 9.3 0.245 79.5 ± 9.9 86.1 ± 9.9 0.0011
Daytime ambulatory PP (mmHg) 57.4 ± 10.6 54.0 ± 14.7 0.119 48.1 ± 10.1 56.0 ± 11.2 <0.0001
Aortic SBP (mmHg) 129.6 ± 19.8 127.4 ± 16.8 0.525 102.5 ± 17.3 118.3 ± 18.4 <0.0001
Aortic PP (mmHg) 48.0 ± 14.6 47.0 ± 12.7 0.683 35.5 ± 12.3 46.0 ± 13.3 <0.0001
Pulse wave velocity (m/s) 10.9 ± 2.1 10.9 ± 1.9 0.949 9.9 ± 1.9 10.3 ± 2.0 0.197
Systemic vascular resistance (Wood) 3064.9 ± 856.3 3131.5 ± 786.8 0.687 1396.5 ± 382.6 1642.3 ± 383.4 0.0024
Daytime ambulatory HR (bpm) 79.6 ± 9.9 81.7 ± 10.2 0.375 80.9 ± 9.8 68.4 ± 11.8 <0.0001
Plasma potassium (mmol/L) 3.8 ± 0.4 3.9 ± 0.4 0.199 4.3 ± 0.5 4.0 ± 0.4 <0.0001
Plasma sodium (mmol/L) 140.6 ± 2.2 140.8 ± 2.4 0.682 138 ± 3 140 ± 2 <0.0001
eGFR (ml/min per 1.73m2) 83.5 ± 18.6 89.7 ± 18.9 0.055 73 ± 20 86 ± 18 <0.0001
Plasma proteins (g/L) 69.5 ± 4.9 68.2 ± 4.2 0.122 70 ± 5 68 ± 4 0.0018
Plasma renin (mUI/L) 19 [10–39] 20.5 [9–37.8] 0.922 122 [52–327] 8 [5–29] <0.0001
Plasma aldosterone (pmol/L) 104 [69–152] 95[63.3–132] 0.362 270 [177–344] 91[58–137] <0.0001
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After 12 weeks, nephron blockade and
renin-angiotensin system blockade had different
effects on BNP levels

At 12 weeks, plasma BNP concentrations decreased signifi-
cantly from baseline in the NBD group but increased in the
RASB group (mean change in log-transformed BNP from W0
to W12: �43%, 95% CI [�67%; �23%] vs. +55%, 95% CI
[+46%; +62%], respectively, P < 0.0001, Figure 3 and Table
2). Consequently, the number of patients with plasma BNP
concentrations between 35 and 100 pg/mL and >100 pg/ml
decreased from baseline to W0 to nine (12%) and one
(1.4%) patients in the NBD group, respectively, whereas it in-
creased to 37 (55%) and 7 (10.4%) patients in the RASB
group, respectively (P < 0.001; Figure 2A and 2B).

In the univariate analysis, NBD treatment was significantly
associated with decrease in BNP levels over the 12 weeks of
the study (unadjusted ß: �42.51 ± 6.50, P < 0.0001, Table
4). The influence of NBD treatment was also significant after
adjustment on classical factors influencing BNP levels includ-
ing age, sex, renal function, and BMI (adjusted ß:
�46.41 ± 6.99, P < 0.0001).

Nephron blockade has an independent effect on
changes in BNP levels

We further looked at haemodynamics differences between
the two groups that could explain the observed difference
in BNP changes (Table 2). At the end of the study (week
12), the mean decrease from baseline in daytime systolic
BP, diastolic BP, aortic systolic BP, and pulse pressure (PP)
was significantly higher in the NBD group as compared with
the RASB group (Table 2), in line with previous results in
the main study. PWV tended to decrease in both groups, a
trend that however did not reach significance. SVR were
significantly lower after 12 weeks in the NBD arm
compared with the RASB arm (Table 2). HR was significantly
lower in the RASB group than the NBD group due to
bisoprolol’s effect.

We next performed a multivariate analysis to identify sig-
nificant factors associated with changes in BNP levels over
the 12-week follow-up (Table 4). We found that higher age
and lower changes in PP and in PWV over 12 weeks were sig-
nificantly associated with smaller changes in BNP levels (Table
4). Reciprocally, NBD treatment was associated with larger

FIGURE 2 Evolution from randomization (W0) to week 12 (W12) of BNP and echocardiographic parameters of diastolic dysfunction in nephron block-
ade and renin-angiotensin system blockade arms of treatment.
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reductions in BNP levels. Lastly, patients experiencing the
larger reduction in HR had the smallest reduction in BNP
levels.

At week 12, patients in the NBD group had lower plasma
sodium, higher potassium, and higher plasma creatinine
resulting in lower estimated glomerular filtration rate than
RASB group (Table 2). Similarly, renin and aldosterone plasma
concentrations increased more in NBD than in RASB (Table 2).
However, none of these factors has significant influence on
changes in BNP levels in univariate or multivariable analyses.

Nephron blockade improved diastolic function
assessed by echocardiography

After 12 weeks, we observed that LV diastolic diameter, LV
mass index, and left atrial area decreased in NBD group, while
these parameters slightly increased in the RASB group (Table
3). In both NBD and RASB, cardiac index did not change signif-
icantly between W0 and W12.

In line with our results on changes in BNP levels, we ob-
served an improvement of diastolic parameters in NBD

Table 3 Echocardiographic parameters at randomization (week 0) and after 12 weeks of nephron blockade or renin-angiotensin system
blockade treatment

Week 0 Week 12

NBD N = 45 RAS N = 40 P value NBD n = 45 RAS n = 40 P value

LVED diameter (mm) 48.3 ± 5.2 50.7 ± 4.2 0.0244 48.4 ± 4.6 51.6 ± 5.8 0.0059
LVMI (g/m2) 97.3 ± 17.5 98.2 ± 27.6 0.854 89.1 ± 18.9 100.0 ± 24.0 0.0246
LVEF (%) 68.0 ± 8.2 66.1 ± 8.5 0.299 66.9 ± 8.1 67.0 ± 7.5 0.968
Cardiac output (l/min) 6.1 ± 1.7 5.8 ± 1.4 0.529 5.8 ± 1.5 5.3 ± 1.2 0.083
LVED volume (mL/m2) 65.9 ± 18.7 63.6 ± 11.9 0.532 66.6 ± 17.2 66.7 ± 16.6 0.977
LVES volume (mL/m2) 20.9 ± 8.3 21.9 ± 7.8 0.589 22.4 ± 9.6 22.2 ± 8.6 0.922
TI velocity (cm/s) 2.46 ± 0.31 2.33 ± 0.23 0.0476 2.35 ± 0.21 2.47 ± 0.27 0.0327
Left atrial area (cm2) 17.7 ± 4.2 18.5 ± 4.0 0.401 16.5 ± 3.6 19.2 ± 3.9 0.0021
Lat e-wave velocity (cm/s) 9.0 ± 2.3 8.7 ± 3.0 0.608 9.4 ± 2.3 9.1 ± 3.1 0.641
Sep e-wave velocity (cm/s) 7.0 ± 2.0 6.8 ± 1.9 0.564 7.5 ± 2.3 7.3 ± 2.5 0.789
E-wave velocity (cm/s) 69.9 ± 13.4 66.6 ± 15.8 0.302 67.5 ± 13.1 75.8 ± 20.5 0.0331
E/é ratio 9.6 ± 2.5 9.6 ± 3.0 0.917 8.7 ± 2.2 10.4 ± 4.3 0.0236

Assesment of diastolic function
NBD n = 32 RAS n = 31 P value NBD n = 32 RAS n = 31 P value

Normal, n (%) 22 25 0.676 31 21 0.0048
Undetermined, n (%) 9 5 1 6
Diastolic dysfunction, n (%) 1 1 0 4
LVEDd, left ventricular end diastolic diameter; LVMI, left ventricular mass index; TI velocity, tricuspid insufficiency velocity.
Full data of echographic parameters for assessment of diastolic function were available in 43% and 46% of subjects in NBD arm and RASB
arm, respectively.

FIGURE 3 Evolution of BNP levels at baseline and after 12 weeks according to the nephron blockade or renin-angiotensin system blockade blockade.
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group: at week 12, 97% of patients had a normal diastolic
function compared with 69% at baseline (P = 0.001). Only
one patient in NBD group remained with undetermined dia-
stolic function, none with diastolic dysfunction (Table 3, Fig-
ure 2C). Reciprocally, echography indicated worsening of
diastolic function at week 12 in patients of the RASB group
(Figure 2D). At week 12, only 68% of patients in RASB group
presented normal diastolic function (Table 3, Figure 2).

Discussion

We report that in patients without symptomatic HF but with
RHTN as a major risk factor for HF, a 12-week treatment
based on sequential NBD with combined diuretics signifi-
cantly and rapidly improves biological and echocardiographic
markers of diastolic function while a strategy of triple RASB
(with ARB, ACEI, and beta-blocker) did not improve these
markers. This study was a pre-specified substudy of the
PHARES trial, a prospective, randomized, open-blinded end-
point study, where 167 patients with mean baseline daytime
ambulatory blood pressure of 135 mmHg or more and/or
85 mmHg or more despite 4-week treatment with irbesartan
300 mg/day, were randomized to NBD vs. RASB.10 The
PHARES study showed a significantly higher reduction in
blood pressure and in LV mass in patients receiving NBD.11

In this sub-study focusing on the biological and echographic
markers of cardiac function, we further show a positive and
significant impact of the NBD strategy on the changes in
BNP levels and cardiac parameters of diastolic dysfunction af-
ter 12 weeks of treatment. Importantly, in the multivariable
analysis, the effect of NBD remained significant after adjust-
ment for multiple factors, notably BP reduction and changes
in renal function. In addition, while the RASB therapeutic
strategy was also associated with BP reduction, we observed
opposite effects on changes in BNP levels and echocardio-
graphic parameters of diastolic function. This result suggests

that an aggressive strategy to reduce sodium balance in pa-
tients with RHTN is preferable to rapidly reduce cardiac wall
stress and improve cardiac relaxation.

RTHN combines several pathophysiological mechanisms in-
cluding increased peripheral resistance, fluid retention, and
salt sensitivity.6 RHTN is considered as major risk factor for di-
astolic dysfunction, a setting in which impaired relaxation is
associated with an increase in telediastolic pressure, indi-
rectly reflected by higher levels of BNP.17,18 As compared
with RASB, NDB was associated with a greater reduction in
blood volume as indicated by larger reduction in systemic
vascular resistance and in GFR and higher increase in renin
levels as compared with RASB. However, our results indicate
that the improvement in cardiac function with NBD is likely
explained by additional effects beyond the plasma volume re-
duction. The specific pathophysiological cascade bridging
RHTN to myocardial dysfunction is imperfectly understood,
but previous studies have suggested a stronger link between
late systolic load (i.e. arterial stiffness) and early diastolic ve-
locity (E′) as measured by tissue doppler imaging.13 Arterial
stiffness was directly assessed in our study by two parame-
ters (PP and PWV19), and we interestingly observed that
NBD but not RASB induced a significant decrease in PP.
Changes over 12 weeks of treatment in PP as well as in
PWV were significantly associated with changes in BNP levels
in the multivariable analysis, indicating that a greater reduc-
tion in arterial stiffness was associated with a better evolu-
tion of cardiac diastolic function. Increased PP is an
independent factor of cardiovascular risk and outcomes and
HF.20 Reciprocally, decreased central PP results in improved
ventricular arterial coupling and cardiac relaxation.19 A link
between salt overload and increased arterial thickness has
been well established experimentally and is independent of
BP.21 Arteries play an important role in adapting to an
acute sodium load by endothelium-dependent and
endothelium-independent mechanisms.22,23 The transfer of
a proportion of the sodium load to the arterial glycocalyx in-
volves the transport of NaCl via the epithelial endothelial

Table 4 Factors influencing difference in BNP levels between week 12 and week 0 in univariable and multivariable linear regression

Univariable Multivariable

ß P Value ß P value

Age (years) 0.17 ± 0.36 0.636 0.91 ± 0.33 0.0065
Women �1.02 ± 8.76 0.907 4.59 ± 8.12 0.573
NBD versus RASB treatment �42.51 ± 6.50 <0.0001 �20.91 ± 9.44 0.0291
Difference in daytime SBP (mmHg) 1.12 ± 0.24 <0.0001 �0.78 ± 0.55 0.161
Difference in daytime PP (mmHg) 2.67 ± 0.44 <0.0001 3.34 ± 1.06 0.0018
Difference in aortic SBP (mmHg) 0.73 ± 0.22 0.0013 0.19 ± 0.38 0.613
Difference in aortic PP (mmHg) 0.86 ß 0.34 0.0122 �0.78 ± 0.55 0.160
Difference in pulse Wave velocity (m/s) 4.55 ± 2.55 0.077 5.19 ± 2.0 0.0097
Difference in HR (bpm) �1.68 ± 0.28 <0.0001 �0.97 ± 0.41 0.0186
Difference in systemic vascular resistance (Wood) �0.01 ± 0.01 0.924
eGFR (mL/min per 1.73m2) 0.28 ± 0.18 0.134
BMI (kg/m2) 0.63 ± 0.84 0.455
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sodium channel (EnNaC).22,23 In a mouse model of chronic so-
dium loading, it was shown that the consequent increase in
arterial stiffness could be partially prevented by inhibition
of EnNaC by spironolactone or amiloride.24 In our study, it
is possible that modamide and spironolactone have induced
a decrease in arterial stiffness (thus increasing compliance)
leading to a greater decrease in the PP in the NBD group.

On the other hand, the achievement of a complete RASB
with ARB, ACEI, and beta-blocker resulted in a significant in-
crease of BNP levels and echographic markers of diastolic
function. In the multivariable analysis, the changes in HR
were significantly associated with the changes in BNP levels
with lower HRs being associated with higher BNP levels. This
suggests that an important part of our observation could be
explained by a direct detrimental effect of beta-blockers.
Beta-blockers and bisoprolol have, however, been reported
to exert a positive lusitropic effect in different animal models,
an observation that potentially does not translate into
humans.25 In line with our results, it was shown in a substudy
of the ASCOT clinical trial that hypertensive patients treated
with atenolol displayed higher LV filling pressure, E/E′ and
BNP levels as compared with patients receiving amlodipine
while the on-treatment BP was similar in both groups.26 In
another study, bisoprolol improved echographic parameters
of diastolic function after 3 months of treatment, but these
patients did not have RHTN as in our study.27

As RHTN is a major risk factor for HF, notably with HFpEF,
our results can also be interpreted in the context of the dif-
ferent clinical studies that evaluated therapeutic strategies
in patients with HFpEF. Indeed, there is currently no evidence
to support a therapeutic benefit for the use of beta-blockers,
ACEi, and ARB in patients with HFpEF.28 Furthermore, these
results are in line with the ONTARGET study, which did not
show any benefit of a double RAS blockade in terms of car-
diovascular events or hospitalization for HF but on the con-
trary an increased risk of hypotension and renal failure.29

Reciprocally, the use of spironolactone is likely associated
with a reduction in HF rehospitalization in HFpEF patients,
but the effects on mortality and quality of life remain
unclear.28,30 Our results further suggest that spironolactone,
in combination with other diuretics, might be beneficial to
prevent further development of HF, notably with preserved
ejection fraction. This observation would however deserve
further long-term studies.

Study limitations

The studied population has a major risk factor of HF, but
none had a history of HF, so the results cannot be extrapo-
lated to HFpEF patients. BNP and echocardiography were
only available at week 0 and week 12 and in a fraction of
the patients, so we could not analyse the effect of each titra-
tion of the treatment on these parameters. Moreover, some
more recent echocardiographic parameters such as left atrial
volume and LV longitudinal strain were not measured in our
study. The scores to estimate cardiac diastolic dysfunction
were derived using left atrial areas rather than volumes as
lastly recommended. However, similar trends with improve-
ment in the NBD group were also observed after deriving
the scores without considering LA areas (data not shown),
thus suggesting that using LA areas instead of LA volumes
was not changing our overall results.

In conclusion, our data suggest that combined diuretic
treatment (NBD strategy) that targets fluid retention
improves diastolic dysfunction and decreases arterial
stiffness. Reciprocally, our results suggest that a more
complete inhibition of the renin-angiotensin system does
not improve diastolic function. These differences involve
mechanisms associated with BP reduction and improved
ventricular arterial coupling. An intensive strategy with a
combination of diuretics should be preferably considered in
patients presenting RHTN.
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