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ABSTRACT

Purpose: While poor drug adherence is frequent in patients with resistant hypertension,
detailed analyses of the impact of drug adherence on the success of renal denervation are
scarce. We report drug adherence at baseline, changes in drug adherence, and the influence of
these parameters on blood pressure changes at 6 and 12 months in patients treated with alco-
hol-mediated renal denervation as part of the Peregrine study.

Materials and methods: Urinary detection of antihypertensive drugs was performed using
high-performance liquid chromatography-tandem mass spectrometry. Full adherence, partial
adherence, and complete non-adherence were defined as 0, 1, or >2 drugs not detected,
respectively.

Results: Renal denervation was performed in 45 patients with uncontrolled hypertension on >3
antihypertensive medications (62% men, age 55+ 10years). At baseline, the proportion of fully,
partially, and non-adherent patients was 62% (n=28), 16% (n=7), and 22% (n=10), respect-
ively. At 6 months, adherence improved by 21% (n=9), remained unchanged at 49% (n=21),
and worsened by 30% (n=13). Mean 24-h systolic blood pressure decreased by 10+ 13, 10+4,
and 14 +19mmHg in fully, partially, and non-adherent patients (p =0.77), and by 14+ 14, 8+ 11,
and 14+ 18 mmHg in patients who improved, maintained, or decreased adherence, respectively
(p=0.35). The results at 12 months were similar.

Conclusion: About 40% of patients with apparently treatment-resistant hypertension were not
fully adherent at baseline, and adherence decreased further in 30%. Nevertheless, mean blood
pressure changes after renal denervation were similar irrespective of drug adherence. Our results
suggest that such patients may benefit from alcohol-mediated renal denervation, irrespective of
drug adherence. These findings are hypothesis-generating and need to be confirmed in ongoing
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Introduction

Hypertension is the most common preventable risk
factor for premature death and disability worldwide
[1,2], and lowering systolic and diastolic blood pres-
sure (BP) to recommended limits is associated with a
substantial reduction in cardiovascular complications
[3,4]. The renal sympathetic nervous system contrib-
utes to the pathophysiology of hypertension [5-8].
Catheter-based renal denervation (RDN) has been
investigated as a potential treatment for hypertension

using radiofrequency ablation [9], ultrasound ablation
[10], and perivascular alcohol injection (chemical
denervation) [11]. Long-term safety data from RDN
studies do not indicate the existence of long-term
safety signals [12].

The Peregrine Catheter (Ablative Solutions, Inc.,
San Jose, CA) delivers micro doses of dehydrated
alcohol, as a neurolytic agent, locally into the peri-
adventitial space [13] of the renal artery to perform
perivascular ablation of sympathetic nerve bundles
[14,15]. Recently published data from this current
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study, using the Peregrine Catheter to perform bilat-
eral alcohol-mediated RDN in hypertensive patients
with a single dose of 0.6 mL of alcohol/artery, signifi-
cantly lowered ambulatory and office BP in patients

with severe uncontrolled hypertension, with an
acceptable safety profile [11].
Non-adherence to prescribed antihypertensive

medication is a major challenge in the treatment of
hypertension [16], particularly in patients with appar-
ently treatment-resistant hypertension (ATRH)
[17,18]. Hypertensive patients with high drug adher-
ence have been shown to be 45% more likely to
achieve BP control than those with medium or low
adherence after controlling for age, gender, and
comorbidities [19]. However, improving adherence is
complex and time-consuming [20]. An analysis of
data from nine studies including a total of 747
patients with ATRH revealed rates of poor adherence
and full non-adherence to drug regimens ranging
from 13 to 46% and 2 to 35%, respectively [21].
Furthermore, a substantial proportion of patients with
ATRH are thought to display intentional non-adher-
ence [22] and may have a particular psychological
profile or a history of traumatic life experience [22].
This makes improvement of drug adherence even
more difficult in these patients, leaving the door open
to alternative treatment strategies, such as RDN.
However, the BP-lowering efficacy of RDN in poorly
adherent patients and, more generally, the impact of
adherence level on BP changes after RDN needs to be
further studied.

The current sub-analysis of drug adherence derives
from the Peregrine Study (ClinicalTrials.gov number
NCT02570113) conducted in patients with uncon-
trolled hypertension on >3 antihypertensive medica-
tions who underwent bilateral alcohol-mediated RDN
using the Peregrine Catheter. The primary aim of the
present study was to ascertain whether adherence to
antihypertensive medications has an impact on BP
response to renal nerve ablation [11].

Methods
Participants and protocol

This was a prospective, single-arm, open-label, multi-
centre trial intended to collect safety and efficacy data
of the three-needle-based delivery device, the
Peregrine Catheter, to perform bilateral alcohol-medi-
ated RDN in hypertensive patients with a single dose
of 0.6 mL of dehydrated alcohol per artery as the neu-
rolytic agent. All patients had uncontrolled hyperten-

sion, defined as a mean office BP of >150/

>85mmHg, with a 24-h mean ambulatory systolic BP
of >135mmHg while receiving a stable medication
regimen of >3 antihypertensive medications of differ-
ent classes (including a diuretic) for at least 4 con-
secutive weeks. As in most third-generation RDN
trials, non- or poor drug adherence was not an exclu-
sion criterion, but drug adherence was assessed at
repeated time points by LC-MS/MS (see below).
Patients were included if the renal artery diameter
was >4 and <7mm, with a renal artery length of
>5mm. Accessory renal arteries with similar anatomy
were also eligible. The primary efficacy endpoint was
a reduction of 24-h mean ambulatory systolic BP at
6 months vs. baseline. The trial was reviewed by the
Ethics Committees of the participating research
centres, and if applicable, by the relevant Competent
Authorities. This trial was conducted in conformity
with the ethical principles stated in the Declaration of
Helsinki, and all patients provided written informed
consent. The safety was monitored by a Data Safety
Monitoring Board [11].

Baseline assessments included a collection of med-
ical history, antihypertensive medication use, physical
examination, electrocardiogram results, blood and
urine tests, office and 24-h ambulatory BP measure-
ments. Clinical and laboratory follow-up data were
obtained from patients in hospital, 7 days, and at 1, 3,
6, and 12 months after the RDN procedure. The office
systolic and diastolic BP at each visit were reported as
the mean of three consecutive BP readings, taken
seated and 1-3min apart, and performed by a regis-
tered nurse or physician with an OMRON BP moni-
tor (OMRON 705IT with printer). The 24-h
ambulatory BP measurement devices (Spacelabs
Healthcare Monitor) recorded BP every 30min for
24h, and a core laboratory (ERT, St. Louis, MO,
USA) collected, validated, and calculated the 24-h
mean ambulatory systolic and diastolic BP. Based on
the patients’ recorded sleep and waking times, the
mean daytime and night-time ambulatory systolic and
diastolic BP were calculated by the core laboratory.

Measurement of adherence

Details regarding antihypertensive medication use and
dose were recorded at baseline, and at 1, 3, 6, and
12 months post-procedure. Urine samples from base-
line (pre-procedure) and follow-up were tested in a
specialised central core laboratory (SYNLAB,
Switzerland) to monitor adherence to the antihyper-
tensive medication regimen by assessment of antihy-
pertensive drugs or their metabolites. Samples were



assessed using high-performance liquid chromatog-
raphy with tandem mass spectrometry (LC-MS/MS).
Non-adherence to antihypertensive medication was
not an exclusion criterion, and investigators were
blinded to the results of LC-MS/MS to prevent
bias [17,18].

Overall adherence was calculated as the number of
detected medications divided by the number of ana-
lysable medications according to the core laboratory.
A patient was classified as fully adherent if all drugs
that were potentially analysable were detected, par-
tially adherent if 1 potentially analysable drug was not
detected, and non-adherent if >2 potentially analys-
able drugs were not detected. Additionally, change in
adherence was classified as improved from baseline if
the percent adherence was greater at follow-up than
at baseline, unchanged if the percent adherence was
unchanged and worse if the percent adherence was
lower at follow-up than at baseline.

Statistical analysis

Continuous variables (including BP) are presented as
mean and standard deviation (SD) and binary varia-
bles are reported as frequencies and percentages. A
paired t-test was used to compare BP changes
between baseline and follow-up. Between-group
changes in BP between non-adherent, partially adher-
ent, and fully adherent patients were tested using ana-
lysis of variance (ANOVA). Percent adherence over
time was tested using Friedman’s non-parametric
repeated measures test and responder analyses were
conducted using the chi-square test. A p-value <0.05
was considered statistically significant. All analyses
were conducted using SAS Version 9.4.

Results
Patient and procedural characteristics

Data pertaining to patient and procedural characteris-
tics have been published elsewhere [11]. A summary
of baseline characteristics is presented in Table 1.
Treated patients (n=45) included 62% men and had
a mean age of 55+ 10years, a mean body mass index
of 30.7+ 5.8 kg/m’, and a mean estimated Glomerular
Filtration Rate of 85+ 16 mL/min/1.73m> Baseline
office BP was 169/99 +15/13 mmHg with a 24-h mean
ambulatory BP of 151/89+14/12mmHg. Patients
were prescribed an average of 5.1+ 1.5 antihyperten-
sive drugs at baseline, with the majority of patients
(44/45, 98%), channel

taking diuretics calcium
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Table 1. Baseline characteristics.

Characteristics All patients (N =45)

Age, years 55.2+9.7
Male gender 62% (28/45)
BMI, kg/m? 30.7+5.8
eGFR (CKD-EPI formula), mL/min/1.73 m? 85+16
Chronic kidney disease (eGFR <60 mL/min/1 73m?) 2% (1/45)
Type 2 diabetes 33% (15/45)
Hyperlipidemia 49% (22/45)
Coronary artery disease 9% (4/45)

(

(

(
Peripheral vascular occlusive disease 7% (3/45)

(

(

(

Heart failure 4% (2/45)
Prior myocardial infarction 4% (2/45)
Cerebrovascular accident/transient ischaemic attack 7% (3/45)
Office systolic/diastolic BP, mmHg 169/99 +15/13
24-h ambulatory systolic/diastolic BP, mmHg 151/89 = 14/12
Mean number of antihypertensive medications 51+£15

Medication class
ACE inhibitor
Angiotensin 2 receptor blocker
Calcium channel blocker

29% (13/45
73% (33/45
84% (38/45

Diuretics 98% (44/45
Spironolactone 42% (20/45

Centrally acting alpha agonist 44% (20/45
Direct acting vasodilator 29% (13/45
Renin inhibitor 4% (2/45)
Other 9% (4/45)

Data are percentages, or mean + SD.

ACE: angiotensin-converting enzyme; BMI: body mass index; BP: blood
pressure; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration;
eGFR: estimated glomerular filtration rate; SD: standard deviation.

(
(
(
(
(
Beta-blocker 76% (34/45
(
(
(
(

blockers (38/45, 84%), beta-blockers (34/45, 76%),
and angiotensin receptor blockers (33/45, 73%).

Efficacy

Changes in 24 h-ambulatory and office BP over time
are presented in Figure 1. The mean 24-h ambulatory
systolic/diastolic BP was significantly reduced by —11/
—7mmHg at 6months as compared to baseline
(p <0.001). Mean systolic and diastolic office BP was
reduced by —18/—10 mmHg at 6 months as compared
to baseline (p < 0.001).

The clinically significant reductions in 24-h ambu-
latory and office systolic/diastolic BP persisted at
12 months. The changes from baseline were —10+ 17/
—7+ 11 mmHg for 24-h ambulatory systolic/diastolic
BP (p=0.001) and —20+23/—10%12mmHg for
office systolic/diastolic BP (p < 0.001).

Adherence

At baseline, the proportion of fully adherent, partially
adherent and non-adherent patients was 62%
(n=28), 16% (n=7), and 22% (n=10), respectively
(Table 2). At 6 and 12months post-procedure,
respectively, 21% (n=9) and 22% (n=9) of patients
had improved adherence, 49% (n=21) and 49%
(n=20) had no change in drug adherence and 30%
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Figure 1. Systolic ambulatory (a) and office (b) blood pressure 1, 3, 6, and 12 months after renal denervation. Mean reductions in
24-h systolic ambulatory (ASBP) (a) and office (OSBP) (b) blood pressure over time.

Table 2. Adherence to antihypertensive medication during the study.

Baseline (N =45) 1 Month (N=43)

3 Months (N =44) 6 Months (N =43) 12 Months (N=41)

Non-adherent 10 (22) 9 (21)
Partially adherent 7 (16) 11 (26)
Fully adherent 28 (62) 23 (53)
Adherence* (%) 78.3+£34.5 75.2+34.4
Fully adherent (>80%) 30 (67) 26 (62)
Non-adherent (<80%) 15 (33) 16 (38)

8 (18) 11 (26) 7 (17)
9 (21) 6 (14) 13 (32)
27 (61) 26 (60) 21 (51)
82.3+26.5 79.0+31.7 82.0+24.2
30 (70) 13 (34)
13 (30) 27 (66)

Values are mean =+ standard deviation (SD) or n (%).
*p=0.596 from Friedman test for non-parametric related variables.

Table 3. Change in antihypertensive medication adherence during the study.

1 Month (N=43)

3 Months (N =44)

6 Months (N =43) 12 Months (N =41)

Improved adherence 6 (14)
No change in adherence 26 (60)
Worse adherence 11 (26)

12 (27)
21 (48)
11 (25)

9 (21) 9 (22)
21 (49) 20 (49)
13 (30) 12 (29)

Values are N (%).

(n=13) and 29% (n=12) had worse adherence com-
pared with baseline (Table 3).

Efficacy and relationship to adherence

At 6 months post-procedure, the mean decrease in
24-h systolic ambulatory BP was similar in patients
classified as fully adherent, partially adherent, and
non-adherent (10+13, 10+4, and 14+19mmHg;
p=0.77). Along the same lines, no significant differ-
ence in mean 24-h systolic ambulatory BP decrease
was found in patients who improved, maintained, or
decreased  adherence (14 + 14, 8+11, and
14 + 18 mmHg, respectively; p=0.35), or in patients
who remained adherent through 6 months vs. patients
whose adherence was <80% on at least one follow-up
visit (10+11 vs. 12+ 16 mmHg, respectively, p=0.68)
(Figure 2).

Similarly, the mean decrease in 24-h systolic ambu-
latory BP from baseline to 12 months post-procedure
did not differ significantly between patients classified

as fully adherent, partially adherent, and non-

adherent (12+16, 2+10, and 22 +27 mmHg, respect-
ively; p=0.07). Furthermore, no significant difference
in mean 24-h systolic ambulatory BP decrease was
found in patients who improved, maintained, or
decreased adherence (19£19, 8+13, and
8 £22mmHg, respectively; p=0.25), or in patients
who remained adherent up to 6 months post-proced-
ure vs. patients whose adherence was <80% on at
least one follow-up visit (7+14 vs. 13+19mmHg;
p=0.33) (Figure 2).

Finally, the proportion of responders (patients with
a reduction in systolic 24-h ambulatory BP of
>5mmHg) was not significantly different in patients
who had improved adherence at 6 and 12 months
post-procedure (24 and 26% of patients) compared
with patients in whom adherence was maintained (45
and 52% of patients) or worsened (31 and 22% of
patients) (Table 4).

These results are consistent with an examination
of individual patient data. At 6 and 12 months post-
procedure, 12 (30%) and 9 (23%) patients who were

non- and partially adherent, respectively, had
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Figure 2. Change in 24-h systolic ambulatory blood pressure at 6 and 12 months vs. adherence. (a) Change in 24-h systolic ambu-
latory blood pressure in fully, partially, and non-adherent subjects. (b) Change in 24-h systolic ambulatory blood pressure pre-
sented by subjects who were >80 and <80% adherent to antihypertensive treatment and by worse, no change, and

improved adherence.

>5mmHg decreases in mean 24-h systolic ambula-
tory BP, suggesting that the RDN procedure has
a  blood-pressure-lowering  effect in  poorly/
non-adherent patients (Supplementary Figure S1). In
addition, at 6 months post-procedure, most patients
(9/12 [75%]) with decreased drug adherence had

>5mmHg decreases in mean 24-h systolic ambula-
tory BP (Supplementary Figure S2), which further
suggests that RDN can lower BP despite decreasing
antihypertensive medication use.

At 12months post-procedure, there was no statis-
tically significant relationship between weight change
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Table 4. Responder analysis of change in antihypertensive medication adherence during the study.

Responder Non-responder Overall
Improved adherence at 6 months n (%) 7 (24) 1(8) 9 (21)
No change in adherence at 6 months n (%) 13 (45) 8 (67) 21 (49)
Worse adherence at 6 months n (%) 9 (31) 3 (25) 13 (30)
p=037
Improved adherence at 6 months n (%) 7 (24) 1(8) 9 (21)
No change in adherence or worse adherence at 6 months n (%) 22 (76) 11 (92) 34 (79)
p=0.40
Improved adherence at 12 months n (%) 6 (26) 2 (13) 9 (22)
No change in adherence at 12 months n (%) 12 (52) 7 (47 20 (49)
Worse adherence at 12 months n (%) 5(22) 6 (40 12 (29)
p=0.41
Improved adherence at 12 months n (%) 6 (26) 2 (13) 9 (22)
No change in adherence or worse adherence at 12 months n (%) 17 (74) 13 (87 32 (78)

p=0.44

Responder is defined as a reduction in systolic ambulatory blood pressure of >5 mmHg.

and drug adherence, change in drug adherence, and
magnitude
Supplementary Figures S3-S5).

of change in blood pressure (see

Discussion

In this cohort of 45 patients with uncontrolled hyper-
tension on >3 antihypertensive medications treated
with alcohol-mediated RDN, evaluation of baseline
drug adherence by LC-MS/MS disclosed poor adher-
ence in 38%. Furthermore, during follow-up, adher-
ence changes, with either improvement or worsening,
were observed in ~50% of patients. Such a high pro-
portion of poor drug adherence [21] and erratic
changes during follow-up [23] are consistent with
existing literature and characteristics of ATRH.
Differences in drug adherence both at baseline and
throughout follow-up may influence the results of
RDN. Firstly, while patients with true resistant
hypertension are characterised by markedly increased
sympathetic activity, this may not be the case for
non-adherent patients with ATRH [24]. Therefore,
the latter group of patients may respond less well to
RDN. Secondly, improvement in drug adherence after
RDN as part of the so-called Hawthorne effect [25]
may lead to BP decreases which could be falsely
attributed to RDN, while worsening of drug adher-
ence may obscure truly RDN-related BP decreases.
While changes in drug adherence may have an
impact on BP, also in patients with ATRH [25] and
there is no reason to think this would be different in
the context of RDN, our findings at least suggest that
such changes did not lead to a gross under- or over-
estimation of the impact of alcohol-mediated RDN on
BP, as shown by similar BP changes in the subgroup
of patients with maintained adherence throughout the
study compared to BP changes in the whole cohort.
Still, the final demonstration of the efficacy and extent

of BP decrease after alcohol-mediated RDN rests on
ongoing sham-controlled randomised studies.

More importantly, BP changes after RDN were
similar irrespective of baseline drug adherence. In
particular, poorly or non-adherent patients appeared
to derive BP benefits from RDN similar to patients
with truly resistant hypertension, which is also sup-
ported by the results of the most recent trials in RDN
[9,10,26,27]. Indeed, from a pathophysiological point
of view, patients prescribed 3 or more drugs and tak-
ing 0, 1, or 2 drugs are supposedly similar to patients
prescribed and taking 0, 1, or 2 drugs, but their previ-
ous life experience, psychology, and exposure to drug
adverse events may be quite different [28,29].
Furthermore, some of these patients may have
become secondarily non-adherent because their BP
remained uncontrolled despite intake of 4 or 5 anti-
hypertensive drugs. Such patients may prove truly dif-
ficult to control even in case of improved drug
adherence. As a consequence, while adherent patients
with mild to moderate hypertension may be managed
by drugs, achieving BP control in patients with severe,
ATRH may prove as if not more difficult than in
patients with truly resistant hypertension. It is thus
reassuring that RDN can lower BP in these patients,
and therefore in the near future may prove to be a
reasonable treatment option for them. As reported in
the main article [11], not all patients respond to
RDN, but the overall complication rate was low with
a favourable safety profile.

The impact of drug adherence assessed by LC-MS/
MS on BP outcome of RDN has been evaluated in a
comparable way, though less in-depth, in some other
studies [30-32], all using the first-generation unipolar
SIMPLICITY catheter in patients with ATRH. In the
DENERHTN open-label randomised trial [30], the
baseline-adjusted difference in the change in daytime
ambulatory systolic BP in denervated patients vs. con-
trols was similar in fully adherent (—6.7 mmHg, 95%
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Cl: —-133 to —0.1mmHg) wvs. non-adherent
(—7.8mmHg, —17.1 to 1.5 mmHg) patients, as well as
between partly and totally non-adherent patients. In
two other observational studies including 52 [31] and
80 [32] patients, neither adherence rates at baseline
[31] nor changes in drug adherence [32] were associ-
ated with ambulatory BP changes at 6 months. Along
the same lines, no signal in favour of a lesser BP
effect of RDN in poorly adherent patients was found
in the randomised INSPIReD pilot trial [33].

Our study further expands on previous results, for
the first time at 12months post-RDN, and for the
first time in patients treated by alcohol-mediated
RDN. In line with most recent RDN studies, this
study had a pragmatic design, including patients with
uncontrolled blood pressure on >3 anti-HTN drugs,
irrespective of drug adherence. We believe that this
makes sense as both patients with truly resistant
hypertension and patients with ATRH and poor drug
adherence typically have severe, difficult-to-treat
hypertension, and a given patient may shift from one
category to the other during their follow-up [29].
Other strengths of the current study include the use
of LC-MS/MS, a direct method of evaluation of
adherence [21], which is particularly important when
dealing with ATRH, in view of a higher expected pro-
portion of patients with intentional non-adherence
[22] who may otherwise escape detection [34,35].
Limitations of the current study include the open-
label design and the absence of sham control, which
makes the study vulnerable to patient and physician-
related bias, Hawthorne, and placebo effects.
Furthermore, the sample size was small, especially in
some subgroups, resulting in the possibility of type 1
or 2 errors. In addition, it should be noted that
changes in antihypertensive medication regimen
increased over time in the observed patient popula-
tion, with 28 and 39% of patients having changes in
antihypertensive medications at 6 and 12 months,
respectively. Changing antihypertensive medication
confounds the assessment of RDN BP-lowering
effects. Additional, well controlled, randomised,
blinded, studies that account for antihypertensive
medication changes are necessary to account for this
effect. The effect of prescribed antihypertensive medi-
cation at baseline and changes in medication post-
procedure on drug adherence is multifactorial, diffi-
cult to assess, and beyond the scope of this manu-
script. Therefore, data should be interpreted with
caution and regarded as hypothesis-generating.
However, it should be noted that the use of ambula-
tory BP as a main primary endpoint and blinded
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drug monitoring is expected to substantially limit
patient- and physician-related biases inherent to the
observational nature of the study. Also, the results
cannot be extrapolated to other patient populations,
e.g. leaner patients. Furthermore, while detection of
drugs by LC-MS/MS in urine is increasingly consid-
ered the gold standard for assessment of drug adher-
ence, it is mostly a qualitative method, and
pharmacokinetic individual characteristics, renal and
liver function as well as drug half-lives may to some
extent influence the results [21]. Also, drug adherence
varies over time, a complex phenomenon that cannot
be entirely captured even by repeated drug measure-
ments [33]. Finally, one must take into account the
possibility of white-coat drug adherence [36], i.e.
patients resuming medication intake just before/the
day of the consultation. However, it should be noted
that even though patients were aware of the fact that
adherence would be checked, they did not know
when, and both physicians and patients were blinded
to the results of drug adherence determination during
the trial. Therefore, the influence of these analyses on
patient and physician behaviour was likely limited.
Finally, as in most current studies in RDN, direct evi-
dence of the technical success of renal nerve ablation
was not available. Therefore, we cannot formally
exclude that differences in completeness of RDN in
the different subgroups may have influenced
the results.

Conclusion and perspectives

While poor drug adherence can be frequently found
in patients with ATRH, few studies have focussed on
the impact of drug adherence on the BP-lowering
effects of RDN. The results from this sub-analysis of
the Peregrine study may suggest a beneficial effect of
alcohol-mediated RDN on blood pressure also in
patients with sub-optimal drug adherence. While our
results are strengthened by the use of 24-h ambula-
tory BP measurements and direct evaluation of adher-
ence by LC-MS/MS, further confirmation is needed
from the ongoing larger, randomised sham-con-
trolled trials.
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