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Blood pressure reductions following catheter-based renal
denervation are not related to improvements in adherence
to antihypertensive drugs measured by urine/plasma toxicological
analysis
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Abstract Renal denervation can reduce blood pressure in

patients with uncontrolled hypertension. The adherence to

prescribed antihypertensive medication following renal

denervation is unknown. This study investigated adherence

to prescribed antihypertensive treatment by liquid chro-

matography–high resolution tandem mass spectrometry in

plasma and urine at baseline and 6 months after renal

denervation in 100 patients with resistant hypertension,

defined as baseline office systolic blood pressure

C140 mmHg despite treatment with C3 antihypertensive

agents. At baseline, complete adherence to all prescribed

antihypertensive agents was observed in 52 patients, 46

patients were partially adherent, and two patients were

completely non-adherent. Baseline office blood pressure

was 167/88 ± 19/16 mmHg with a corresponding 24-h

blood pressure of 154/86 ± 15/13 mmHg. Renal denerva-

tion significantly reduced office and ambulatory blood

pressure at 6-month follow-up by 15/5 mmHg (p\ 0.001/

p\ 0.001) and 8/4 mmHg (p\ 0.001/p = 0.001),

respectively. Mean adherence to prescribed treatment was

significantly reduced from 85.0 % at baseline to 80.7 %,

6 months after renal denervation (p = 0.005). The blood

pressure decrease was not explained by improvements in

adherence following the procedure. Patients not responding

to treatment significantly reduced their drug intake fol-

lowing the procedure. Adherence was highest for angio-

tensin-converting enzyme inhibitors/angiotensin receptor

blockers and beta blockers ([90 %) and lowest for

vasodilators (21 %). In conclusion, renal denervation can

reduce office and ambulatory blood pressure in patients

with resistant hypertension despite a significant reduction

in adherence to antihypertensive treatment after 6 months.

Keywords Resistant hypertension � Sympathetic nervous

system � Renal denervation � Adherence to drug treatment �
Liquid chromatography–high resolution tandem mass

spectrometry

Introduction

Approximately, 8–18 % of all patients with high blood

pressure (BP) are apparently resistant to drug treatment [1,

2]. Poor concordance with treatment is a major challenge

clinicians often face in treating hypertension and non-ad-

herence is commonly observed especially in uncontrolled

hypertensive patients [3, 4]. Non-adherence to prescribed

guideline-recommended medication is associated with
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stroke, myocardial infarction, and cardiovascular death [5].

Catheter-based renal denervation (RDN) has emerged as a

new treatment option for patients with uncontrolled

hypertension [6]. The clinical evidence in support of RDN

as an effective interventional technique in patients with

resistant hypertension is heterogeneous. A number of

observational studies and three randomized, controlled

trials documented significant changes in office and ambu-

latory BP after RDN [7–12] but some smaller studies and

the single-blind, randomized, sham-controlled Symplicity

HTN-3 trial did not show superiority of RDN when com-

pared to medical therapy alone [13, 14]. It has been pos-

tulated that behavioral changes may cause or contribute to

observed effects following RDN. Specifically, changes of

medication adherence and the Hawthorne effect could be of

major importance in patients included in a clinical trial

[15]. In the conduct of earlier trials in RDN therapy, it has

been questioned whether the population was truly resistant

to medical therapy or merely non-adherent to antihyper-

tensive drugs, with the caveat that adherence has neither

been investigated systematically before nor following

RDN. There are multiple ways of assessing drug adherence

in patients but only few of them are accurate and reliable

[16–18]. Urine and plasma liquid chromatography–high

resolution tandem mass spectrometry (LC–HR-MS/MS)

represents one of the most accurate and objective mea-

surement of drug intake [17, 19]. The present study aimed

to systematically determine changes of the individual

intake of antihypertensive drugs using a robust detection

method in patients with resistant hypertension undergoing

RDN.

Methods

Studied patients

The study included a total of 100 consecutive patients

undergoing bilateral RDN, aged C18 years, with resistant

hypertension according to the European Society of

Hypertension/European Society of Cardiology guidelines

(office SBP C140 mmHg despite treatment with C3 anti-

hypertensive drugs of different classes, including a diuretic

at maximum or highest tolerated dose) and completed

6-month follow-up [1]. The analyses were performed as

part of a prospective study aimed to document the long-

term safety and effectiveness of RDN (NCT01888315).

None of the patients included in the current study was part

of the Symplicity HTN-1 or HTN-2 trials. Only patients

with stable antihypertensive drug regimen were included in

the study and patients with secondary, treatable causes of

hypertension were excluded [20]. Stable antihypertensive

drug regime was defined as no change in antihypertensive

medication for at least 4 weeks prior to the baseline

examination. Patients and physicians were instructed not to

change antihypertensive medication during the study per-

iod except when medically required. Written informed

consent was obtained from all participating patients when

they entered the study. Patients were informed about the

possibility of adherence measurements by urine/plasma

toxicological analysis but were unaware of the timing. All

patients had at least 5 contacts to the study center. The LC–

HR-MS/MS analyses were processed blindly with regards

to patient characteristics and timing of blood/urine sam-

pling. The results of LC–HR-MS/MS analysis were not

used as an inclusion criterion to ensure drug intake. The

study was approved by the local ethic committee in

accordance with the Declaration of Helsinki.

Assessment of adherence

All patients were interviewed whether they have taken their

current medication as prescribed at each follow-up visit.

After a positive declaration, plasma and urine samples were

obtained at baseline and at 6-month follow-up. The base-

line visit was 1 day prior to the RDN procedure. All visits

were scheduled at 8.00 am. Adherence was defined as

100 % confirmation of all prescribed antihypertensive

drugs by LC–HR-MS/MS analysis. Patients in whom the

analysis confirmed the presence of less medication than

prescribed (antihypertensive drug intake detected\100 %)

were classified as non-adherent.

Drug screening by liquid chromatography–high

resolution tandem mass spectrometry

Venous blood and urinary samples were collected at

baseline and 6 months after RDN by specially trained

technicians. Samples were frozen at -80 �C until analysis.

For sample workup, precipitation of 100 ll urine with

500 ll acetonitrile according to Wissenbach et al. [21] and

of 250 ll plasma with 750 ll ZnSO4 solution (35 mg/ml

water:methanol, 70:30) was performed. The analytes were

separated using a ThermoFisher (TF, Dreieich, Germany)

Accucore PhenylHexyl column and gradient elution with

2 mM aqueous ammoniums formate plus 0.1 % formic

acid (pH 3, eluent, A) and ammonium formate solution

with acetonitrile/methanol (50:50, V:V, 1 % water) plus

0.1 % formic acid. The drugs and/or metabolites were

detected by a TF Q-Exactive high resolution (HR) mass

spectrometer with a HESI-II source with pos/neg switching

and targeted HR-MS/MS on 108 predefined protonated

ions (inclusion list) of the unchanged parent compounds

and their metabolites. Data files were processed using TF

TraceFinder software 3.2 based on precursor accurate

masses, isotopic patterns, five most intense fragment ions,
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and reference library spectrum. The LC–HR-MS/MS

analyses were performed blindly, i.e., without knowledge

about specific patient characteristics. The results were

reported qualitatively whether the prescribed drug was

found in urine and/or plasma (Online supplement Fig. 1)

[19, 22, 23].

Renal sympathetic denervation procedure

The RDN procedure was performed bilaterally via femoral

access with a dedicated radiofrequency catheter (SymplicityTM

Flex Catheter System, Ardian/Medtronic Inc., California,

USA), inserted percutaneously as described elsewhere [20].

Follow-up and assessment of blood pressure

All patients underwent a 6-month follow-up visit including

full history and physical examination, office and ambula-

tory BP measurements, and blood and urine chemistry.

Office BP was measured in the morning (1 h after medi-

cation intake) in a sitting position after resting for at least

5 min at each arm. The arm with the higher BP was used

for all subsequent readings [1]. Averages of triplicate

measures were calculated and used for subsequent analysis.

Twenty-four-hour ABPM (Mobil-O-GraphTM, Medispec

Deutschland GmbH, Krefeld, Germany) was performed

before RDN in all patients to exclude pseudo-resistance

and at 6 months. Readings were taken every 15 min during

daytime (7 AM to 10 PM) and every 30 min at nighttime

(10 PM to 7 AM). Patients were assessed while adhering to

their usual activity and nocturnal sleep routine. Only

patients with [70 % valid BP measurements of either

awake or asleep were included [24]. Mean SBP and DBP

were calculated as overall 24-h average. At 6-month fol-

low-up, patients were classified based on their office and

ambulatory BP into responder (office SBP reduction

C10 mmHg or ambulatory SBP reduction C5 mmHg) and

non-responders (office SBP reduction \10 mmHg or

ambulatory SBP reduction\5 mmHg) [12].

Statistical analysis

Data are presented as mean ± standard deviation unless

otherwise specified. Categorical variables are presented by

absolute and relative frequencies. Statistical comparisons

between groups were performed using the Pearson Chi

square test for categorical variables and paired and

unpaired t test or Wilcoxon rank sum test or one-way

ANOVA for continuous variables where appropriate. Sig-

nificance tests were two-tailed with p\ 0.05 considered

significant. All statistical analyses were calculated using

the SPSS statistical software (version 20.0, SPSS Inc.,

Chicago, IL, USA).

Results

Baseline patients’ characteristics are depicted in Table 1.

Patients mean age was 62.7 ± 10.6 years, 67 % were

male, with a mean body mass index of 30.8 ± 5.8 kg/m2.

Despite the prescription of 5.2 ± 1.4 antihypertensive

drugs, office BP at baseline was 167/88 ± 19/16 mmHg

with a 24-h mean blood pressure of 154/86 ± 15/

13 mmHg. There were no significant differences between

the baseline characteristics of adherent and non-adherent

patients.

Procedural characteristics

Experienced operators, who had performed at least 15

RDN procedures, performed all 100 RDN procedures

without any serious adverse events. Intravenous analgesics

were administered in all patients. The mean procedural

time was 73.3 ± 17.2 and 73.1 ± 31.8 ml of contrast

(Imeron� 350) was used. On average 11.1 ± 2.5 complete

120-s radiofrequency ablations were delivered circumfer-

entially along both renal arteries with special emphasis on

the distal segment. Ablation attempts (prematurely inter-

rupted, \120 s) were not counted. Hemodynamically sig-

nificant renal artery stenosis following RDN was excluded

by use of duplex ultrasound in all patients 1 day after RDN

and at 6-month follow-up. Renal function measured by

cystatin c GFR remained unchanged during follow-up.

Cystatin c GFR was 74.5 ± 30.8 ml/min/1.73 m2 at base-

line and 72.4 ± 28.3 ml/min/1.73 m2 (p = 0.324) at

6-month, respectively.

Office and ambulatory blood pressure

Office SBP and DBP at baseline were significantly reduced

from 167 ± 19 and 88 ± 16 mmHg to 152 ± 25 mmHg

(p\ 0.001) and 83 ± 14 mmHg (p\ 0.001) at 6-month

follow-up, respectively (Fig. 1). Patients with an office

SBP C160 mmHg (n = 63) at baseline had significant

higher office SBP reduction at 6-month follow-up when

compared to patients with an office SBP of

140–159 mmHg (n = 37) at baseline (-18 ± 23 mmHg

versus -9 ± 15 mmHg, p = 0.038). Response to treat-

ment, defined as a reduction in office SBP C10 mmHg

after 6 months, was documented in 63 patients (63 %),

subsequently defined as office BP responders. Twenty-

four-hour SBP and DBP was significantly reduced from

154/86 ± 15/13 mmHg at baseline (n = 100) to

146/82 ± 17/13 mmHg after 6 months (n = 84), respec-

tively. Forty-six patients (55 %) had an ambulatory SBP

reduction C5 mmHg 6 months after treatment, subse-

quently defined as ABPM responders. In 13 patients,

ABPM readings were excluded from the analyses because
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of\70 % valid BP measurements over a 24-h time period.

Three patients rejected ABPM for personal reasons at

6-month follow-up.

Results of toxicological urine and plasma screening

for antihypertensive drugs or metabolites

All prescribed antihypertensive agents were analyzed in

urine and plasma samples by LC–HR-MS/MS. Adherence

to prescribed antihypertensive drugs ranged from 0 to

100 % at baseline and 6-month follow-up (Fig. 2a, b).

Fifty-two patients (52 %) were completely adherent, in 46

patients (46 %) less than the prescribed medication was

detected, while 2 patients (2 %) showed a complete

absence of any prescribed antihypertensive agent. There

were no significant differences between adherent (52 %)

and non-adherent (48 %) patients at baseline with respect

to age, sex, body mass index, office and ambulatory BP,

office heart rate, coronary artery disease, hypercholes-

terolemia, type 2 diabetes, cystatin c GFR, number of all

prescribed drugs and number of antihypertensive drugs

(Table 1). Adherence rates at baseline were not associated

with office or ambulatory BP changes at 6 months (Fig. 3).

When comparing adherence to different classes of antihy-

pertensive drugs, patients receiving beta blockers had the

highest adherence (98 %), followed by ACE inhibitors/

angiotensin receptor blockers (93 %), diuretics (91 %),

mineralocorticoid receptor antagonists (80 %), and cen-

trally acting sympatholytics (80 %) (Fig. 4). Contrary,

calcium-channel blockers were measured in 105 out of 163

samples (64 %) and vasodilators in 8 out of 38 samples

(21 %) at baseline and 6-month follow-up, respectively.

Adherence to prescribed treatment significantly decreased

from 85.0 ± 21.7 % at baseline to 80.7 ± 22.7 % after

6 months (p = 0.005, Fig. 5) and remained unchanged in

both, office (Fig. 6a) and ambulatory (p = 0.596) BP

responder at 6-month follow-up. In office and ambulatory

non-responder, adherence to antihypertensive treatment

Table 1 Baseline characteristics

All patients Adherent Non-adherent p value

Number of patients 100 52 48

Age (years) 62.7 ± 10.6 64.1 ± 9.6 61.3 ± 11.5 0.196

Male (%) 67 (67 %) 36 (69 %) 31 (65 %) 0.626

BMI (kg/m2) 30.8 ± 5.8 30.9 ± 6.1 30.7 ± 5.6 0.851

Office SBP (mmHg) 167 ± 19 166 ± 17 169 ± 20 0.475

Office DBP (mmHg) 88 ± 16 86 ± 13 90 ± 18 0.142

Ambulatory 24 h SBP (mmHg) 154 ± 15 153 ± 15 155 ± 15 0.563

Ambulatory 24 h DBP (mmHg) 86 ± 13 85 ± 13 87 ± 14 0.585

Office heart rate (bpm) 66 ± 11 64 ± 10 69 ± 12 0.053

Coronary artery disease (%) 27 (27 %) 11 (21 %) 16 (33 %) 0.174

Hypercholesterolemia (%) 49 (49 %) 26 (50 %) 23 (48 %) 0.853

Type 2 diabetes (%) 44 (44 %) 25 (48 %) 19 (40 %) 0.398

Cystatin c GFR (ml/min/1.73 m2) 74.5 ± 30.8 73.3 ± 31.1 75.8 ± 30.7 0.683

Number of all prescribed drugs 8.7 ± 3.1 8.5 ± 3.0 8.8 ± 3.2 0.656

Number of prescribed antihypertensive drugs 5.2 ± 1.4 5.0 ± 1.1 5.4 ± 1.6 0.153

Fixed-dose combinations of antihypertensive drugs 62 (62 %) 33 (64 %) 29 (60 %) 0.473

p values compare adherent vs. non-adherent patients according to baseline characteristics

ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, BMI body mass index, GFR glomerular filtration rate, SBP systolic

blood pressure, DBP diastolic blood pressure

Fig. 1 Reduction of office systolic (white) and diastolic (gray) blood

pressure in office and ambulatory blood pressure measurements

6 months after renal denervation. Data are presented in mean and

standard error
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significantly decreased 6 months after RDN from 90.6 to

83.4 % (p = 0.006, Fig. 6b) and from 84.2 to 77.1 %

(p = 0.005), respectively. Patients with unchanged adher-

ence (n = 47) compared with patients with changes in

adherence to antihypertensive therapy had a significant

more pronounced office SBP reduction (-18 ± 24 versus

-12 ± 18 mmHg, p = 0.05) and a comparable

ambulatory SBP reduction (-8 ± 11 versus

-8 ± 11 mmHg, p = 0.986), respectively. In 17 patients

adherence increased and in 36 patients adherence

decreased during the study period. Office and ambulatory

SBP changes between the groups were comparable.

Medication changes

Patients and physicians were instructed not to change the

antihypertensive drug regimen during the study period.

However, antihypertensive medication was reduced in 22

patients (22 %) because of the development of symptoms

and confirmed low BP (SBP \120 mmHg) and increased

in 12 patients (12 %) who continued to have BP above

target during the study period, respectively (Table 2).

Even after censoring for post-procedural medication

changes, no significant differences in BP reduction were

documented.

Discussion

To best of our knowledge, this is the first study to assess

adherence to antihypertensive drug treatment measured by

LC–HR-MS/MS in plasma and urine in patients with

resistant hypertension who have undergone RDN. Herein,

RDN significantly lowered office and ambulatory BP,

despite a worsening rather than an improvement of drug

adherence at 6 month. In contrast to responders whose

adherence remained stable, patients not responding to

treatment significantly decreased their drug intake follow-

ing the procedure.

Renal denervation evolved as a new treatment option for

patients with uncontrolled hypertension [6, 25]. The avail-

able evidence suggests that RDN reduces office and

Fig. 2 Adherence to antihypertensive drugs at baseline and after 6 months

Fig. 3 Office systolic blood pressure reduction after 6 months

according to adherence to antihypertensive drugs at baseline
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ambulatory BP in open-label registries [8, 9, 11, 12] and

three randomized, controlled trials [7, 10, 26]. Following the

publication of the blinded, sham-controlled Symplicity

HTN-3 study [13], which met its primary safety endpoint,

but did not reach its efficacy endpoint, several possibilities

were discussed regarding why the results were disparate

compared with prior clinical trials and registries [25, 27]. It

has been argued that the absence of a positive finding in

Symplicity HTN-3 was mainly related to adding a control

group (receiving sham procedure) and blinding of patients as

well as follow-up assessors [15]. In previously published

studies [7–14], drug adherence was not thoroughly moni-

tored, either before RDN or during follow-up. This made

these studies in principle vulnerable to the Hawthorne effect:

Patient’s health care behavior might have changed with the

inclusion in clinical trials with regular physician contacts

Fig. 4 Adherence to drug

classes prescribed at baseline

and 6 months after renal

denervation. ACE angiotensin-

converting enzyme, ARB

angiotensin receptor blocker,

CCB calcium-channel blocker,

and MRA mineralocorticoid

receptor antagonists

Fig. 5 Adherence to prescribed antihypertensive drugs at baseline

and 6 months after renal denervation. Data are presented in mean and

standard error. Some lines of the spaghetti plot represent[1 patient

Fig. 6 Change of adherence to prescribed antihypertensive drugs from baseline to 6 months after renal denervation in accordance to response

and non-response. Data are presented in mean and standard error. Some lines of the spaghetti plot represent[1 patient
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during follow-up examinations and education to measure BP

regularly at home. Indeed, patients potentially started taking

their drugs following RDN, leading to a subsequent dra-

matic, but non-specific BP fall. An alternative behavior

might be a reduction of adherence after RDN because

patients have the impression that they have been treated for

their hypertension. However, objective evidence to support

this hypothesis is lacking. In the present study, adherence to

drug treatment significantly decreased throughout the study

period, thereby not explaining the observed reduction in

office and ambulatory BP. In patients responding to RDN

(either in terms of office or ambulatory BP) adherence

remained on average unchanged, in fact although it

decreased in many patients whereas in patients not

responding to RDN non-adherence significantly increased.

The reasons for non-response to RDN are not completely

understood, but inappropriate patient selection, procedural

performance, and an insufficient contribution of sympathetic

nervous system activation to the etiology of the patient’s

hypertension are all possible factors [28]. In light of the

present findings, non-adherence needs to be considered as

one contributing factor and emphasize to adherence-pro-

moting programs and compliance assessment should be

taken in account especially in non-responders to RDN. The

reduction in drug adherence observed at 6 month in the

overall group may be one reason why the full benefits of

RDN on BP control have been underestimated. Indeed, BP

control at 6 months is due to both the RDN procedure and the

maintenance of an effective drug therapy. If this latter is

affected by a decreasing adherence over time, the real impact

of RDN on BP cannot be assessed correctly.

In the conduct of earlier trials in RDN therapy, it has

been questioned whether the population was truly

resistant to medical therapy or mainly non-adherent. Non-

adherence to pharmacological treatment is recognized as

an important barrier to successful BP control in hyper-

tensive patients [3, 4]. In patients with resistant hyper-

tension, monitoring of drug adherence per se can improve

BP control in more than 30 % of cases [29]. In a recently

published study, toxicological urine screening revealed

non-adherence to prescribed drug regimen in more than

50 % of patients referred with uncontrolled hypertension

to an outpatient clinic of a tertiary center in Germany [3].

Of those patients being non-adherent, 30 % were com-

pletely non-adherent and 70 % had incomplete adherence

to antihypertensive therapy. Herein, the rate of completely

adherent patients was comparable (52 %), whereas 46 %

were partially adherent, and only 2 % were completely

non-adherent. Overall, we documented higher adherence

to antihypertensive drugs compared with previous reports

[3, 4]. It is noteworthy to mention, that all patients were

treated in a specialized setting and provided written

inform consent for objective adherence measurements by

LC–HR-MS/MS during the study, both factors might have

positively impacted adherence. However, in order to

prevent stimulation of ‘white-coat’ adherence, patients

were not informed about the timing and execution of the

measurements. In the present study, non-adherence was

almost evenly distributed between different classes of

anti-hypertensive drugs with the exception of vasodilators.

This is in contrast with published evidence indicating that

adherence to treatment in the general hypertensive pop-

ulation varies across different drug classes with lower

adherence rates in diuretics and beta blockers when

compared to angiotensin receptor blockers and ACE

inhibitors [30]. For several reasons, these data may not be

generalizable to patients with resistant hypertension,

treated with C3 antihypertensive drug. In case side effects

occur, it is nearly impossible for patients receiving mul-

tiple drugs to assign the side effect to one specific drug,

causing random, non-predictable discontinuations. Fur-

ther, the majority (62 %) of our patients received fixed-

dose combinations and when a patient omits consecutive

doses of a single-pill combination, 2 or 3 drugs are

simultaneously missed [17]. This is supported by the fact

that beta blockers, which were rarely used in fixed-dose

combinations, showed the highest adherence. These find-

ings are in line with a recently published study, using

toxicological urine screening to assess non-adherence to

the prescribed drug regimen in patients with uncontrolled

hypertension [3].

One might argue that RDN represents a potential sec-

ond line treatment approach for patients who remain non-

compliant despite maximal efforts of a specialized

hypertension clinic. In the two patients who did not take

any medication treated in this study, mean office and

Table 2 Prescribed antihypertensive medication at baseline and

6 months after renal denervation

Baseline 6 months

Number of patients 100 100

Number of antihypertensive drugs 5.2 ± 1.4 5.0 ± 1.4

Patients receiving, drug class

ACE inhibitors/ARBs 97 (97 %) 96 (96 %)

Beta blockers 91 (91 %) 90 (90 %)

Calcium-channel blockers 81 (81 %) 79 (79 %)

Diuretics 86 (86 %) 88 (88 %)

Mineralocorticoid receptor antagonists 17 (17 %) 28 (28 %)

Sympatholytics 67 (67 %) 62 (62 %)

Vasodilators 20 (20 %) 17 (17 %)

p values are not significant for changes in number of antihypertensive

drugs between baseline and 6-month follow-up (p = 0.127 for min-

eralocorticoid receptor antagonists)

ACE angiotensin-converting enzyme, ARB angiotensin receptor

blocker
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ambulatory BP was reduced by 13/5 and 4/2 mmHg

(mean office BP from 166/95 to 153/90 mmHg, mean

24-h BP from 142/91 to 138/89 mmHg), respectively.

Certainly, much more research is needed to investigate

patient behaviors, shared decision-making and whether

RDN is able to replace antihypertensive drugs in patients

with milder forms of hypertension.

Limitations

Our study may have some limitations. Drug intake was

measured qualitatively but not quantitatively, therefore no

information about exact drug doses can be provided. Fur-

thermore, drug measurements can be affected by the white-

coat adherence phenomenon whereby patients tend to

improve their adherence before and after clinical visits

[17]. This may underestimate chronic or intermittent non-

adherence. However, this limitation applies to the majority

of currently used adherence tests conducted in the clinic

prior to scheduled appointments. The known chemical

instability of the dihydropyridine calcium-channel blockers

amlodipine, felodipine, lercanidipine, nifedipine, and

nitrendipine could have affected the corresponding LC–

HR-MS/MS analyses results [3, 31]. This might be one

reason for the apparently low adherence to calcium-chan-

nel blockers documented herein. Finally, participation in a

prospective study might have impacted adherence. There-

fore, rigorous analyses of adherence to medication in future

randomized, controlled trials are required to confirm the

results of the present study.

Conclusions

Catheter-based RDN can reduce office and ambulatory BP

in certain patients with uncontrolled hypertension on

multiple antihypertensive drugs. In the present study, these

BP changes were not explained by improvements in

adherence following the procedure. However, patients

without BP fall significantly decreased their adherence to

drug treatment. These data support the role of RDN as an

antihypertensive treatment option and emphasize the

importance of measuring drug adherence not only before

but also after the procedure in order to assess the true BP

lowering of the intervention.
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