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EDITORIAL

Pacemaker-Based Cardiac
Neuromodulation Therapy for the Treatment
of Hypertension: The New Kid on the Block

Lucas Lauder “*, MD; Felix Mahfoud “*/, MD

ifiable risk factor for cardiovascular morbidity

and mortality.! Safe and effective antihyperten-
sive drugs are widely available but the prevalence of
uncontrolled hypertension has recently increased.?
Moreover, because of the unacceptably high rates of
patients with blood pressures (BPs) above the rec-
ommended targets, several device-based hyperten-
sion treatments have been developed and are under
clinical investigation.® These device-based therapies,
among which renal denervation is the most extensively
studied, predominantly target the autonomic nervous
system.®

Arterial hypertension is the most important mod-

See Article by Kalarus et al.

In this issue of the Journal of the American Heart
Association (JAHA), a novel approach to treat high
BP is presented. The Moderato system (BackBeat
Medical) is a dual-chamber, rate-responsive, implant-
able pulse generator that takes advantage of the fact
that left ventricular (LV) filling and thereby cardiac out-
put can be reduced by shortening the atrioventricular
coupling interval.* This is pathophysiologically relevant
since BP is determined by cardiac output and periph-
eral vascular resistance. To prevent a compensatory

activation of the sympathetic nervous system after
short-interval atrioventricular pacing with subsequent
reductions in cardiac output, the device intermittently
and asymmetrically introduces short sequences of 1
to 3 beats of longer atrioventricular delay (eg, alternat-
ing 20-80 ms and 100-180 ms intervals).* After the
results of the prospective, single-group MODERATO |
study,* the results of the sham-controlled MODERATO
Il trial were presented as late-breaking science at the
Transcatheter Cardiovascular Therapeutics 2019 an-
nual conference and are now reported in this issue by
Kalarus and colleagues.®

In the double-blind, randomized MODERATO Il trial,
68 patients (43% of whom were women) with uncon-
trolled hypertension (daytime ambulatory systolic BP
[SBP] >130 mm Hg and office SBP >140 mm Hg) de-
spite treatment with at least 1 antihypertensive med-
ication and an indication for the implantation (68%
of the patients) or replacement (32% of the patients)
of a dual-chamber pacemaker underwent Moderato
device implantation at 13 European centers. Of note,
the BP inclusion criteria are somewhat uncommon for
hypertension trials as an average daytime ambulatory
SBP >130 mm Hg would not be considered elevated
by most guidelines® and inclusion of patients with a
24-hour SBP <125 mm Hg is not supported by cur-
rent consensus documents.” Patients with permanent
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atrial fibrillation or a history of significant paroxysmal
atrial fibrillation/flutter burden, reduced LV ejection
fraction <60%, and advanced chronic kidney dis-
ease (estimated glomerular filtration rate <30 mL/
min per 1.73 m?) were excluded. If uncontrolled hy-
pertension was confirmed after the 1-month run-in
period (daytime ambulatory SBP >125 mm Hg), the
patients were randomized in a 1:1 ratio to treatment
(cardiac neuromodulation therapy [CNT]-on) or con-
trol (CNT-off). A total of 21 patients (31%) fell below
the BP inclusion criterion during the run-in period
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and were consequently excluded. The primary ef-
ficacy end point, between-group difference of the
change in 24-hour ambulatory SBP, for which the
trial was powered, was met. In the treatment group,
24-hour ambulatory SBP immediately dropped after
the activation of CNT and the BP-lowering effect was
maintained through 6 months of follow-up (between-
group difference at 6 months: —8.1 mm Hg; 95% ClI,
-14.2 to 1.9 [P=0.012]). Although the baseline BP
was lower, the relative change in 24-hour ambulatory
SBP in the treatment group was larger than in other

Baseline 24-hour systolic BP (mmHg)
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Figure 1. Absolute and relative change in 24-hour ambulatory systolic blood pressure (SBP) in

sham-controlled trials of device-based therapies for the treatment of hypertension.

Data are presented as mean (mm Hg) and 95% Cls.
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sham-controlled trials in device-based hypertension
treatment (Figure). Trials for device-based therapies
have taught us that nonadherence is a major con-
founder in hypertension trials.® The current study,
however, did not objectively assess drug adherence.
A total of 29 medication changes (17 increases and
12 decreases) were documented between baseline
and 6 months. As there were more dose increases
reported in the control group, the true treatment ef-
fect may not have been fully estimated.

EFFECTIVE IN ISOLATED SYSTOLIC
HYPERTENSION

Compared with patients included in the sham-controlled
renal denervation trials,®'? the patients herein were older
and had more comorbidities but had substantially lower
baseline ambulatory BP values (Table). Importantly, the
BP-lowering effects were shown in a population in which
81% of the patients had isolated systolic hypertension
(office SBP >140 mm Hg and diastolic BP <90 mm Hg).
Elderly patients predominantly have isolated systolic hy-
pertension (65% of patients aged >60 years with hy-
pertension)'®; however, these patients were purposely
excluded from the most recent sham-controlled trials
investigating other device-based therapies, such as
renal denervation and baroreceptor stimulation. The
reason for this is that patients with isolated systolic hy-
pertension, characterized by high aortic stiffness and
the subsequent inability to dilate and decrease vascular
resistance, appear to respond less to neuromodulation
with renal denervation.!* In the MODERATO |l trial, pos-
sibly because of the high proportion of patients with
isolated systolic hypertension (mean 24-hour diastolic
BP at baseline was normal: 74.9+7.1 mm Hg), there was
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no significant change in 24-hour diastolic BP between
baseline and 6 months (between-group difference,
+2.5 mm Hg; P=0.178).

STRENGTHS OF THE STUDY DESIGN

The 1-month run-in period was particularly important
to reduce the Hawthorne effect® but also to ensure
stabilization of BP and normalization of daily life activi-
ties since some patients may have been limited by the
underlying bradycardic arrhythmias requiring pace-
maker implantation (43% of the patients had atrioven-
tricular block grade Il or lll, and 34% had sick sinus
syndrome). Although 21 patients with a marked BP
reduction during the run-in period (mean decrease in
ambulatory SBP of 15 mm Hg) were excluded, which
possibly reduced the variability in BP response, 37% of
the patients in the control group (compared with 54%
of the patients in the treatment group) had a decrease
of >10 mm Hg in ambulatory SBP between baseline
and 6 months.

Device implantation without activation of the CNT
can be regarded as an appropriate sham treatment to
reduce placebo effects, as patients did not experience
any specific symptoms associated with the short atrio-
ventricular delay beats.? Unfortunately, the blinding
of patients and investigators was not systematically
assessed.

OPEN QUESTIONS

Is the Device Safe in the Long Term?

Importantly, serious adverse events (7 events in 4 pa-
tients) and protocol-prespecified primary safety end

Table 1. Key Characteristics of Placebo-Controlled Trials

RADIANCE- RADIANCE-
HTN SOLO HTN TRIO SPYRAL HTN-OFF SPYRAL HTN-ON MODERATO I
(2018) (2021) MED Pivotal (2020) MED (2018) (2021)

Mean age, y 54 53 53 53 74

Women, % 42 20 34 16 36

Number of antihypertensive drugs 0 3 0 1-3 >1

(inclusion criterion)

Mean number of antinypertensive 0 3 0 2.2 3.3

drugs at randomization

BP inclusion criterion, mm Hg Daytime Daytime 24 h-SBP: 140-169 24 h-SBP: 140-169 Daytime SBP: 2130
ambulatory BP: ambulatory OBP: 150-179/>90 OBP: 150-179/>90 (=125 after run-in)
135-164/85-104 SBP: >135/85 Office SBP =140

Mean office SBP at baseline, mm Hg 154 155 163 164 154

Mean office DBP at baseline, mm Hg 100 100 101 101 82

Mean 24-h SBP at baseline, mm Hg 150 144 151 152 136

Mean 24-h DBP at baseline, mm Hg 93 89 99 97 73

Follow-up duration, mo 2 2 3 6 6

BP indicates blood pressure; DBP, diastolic blood pressure; OBP, office blood pressure; and SBP, systolic blood pressure.
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point events (3 events in 2 patients) occurred only in
the control group. Compared with the control group,
there was a trend to a drop in LV ejection fraction at
6 months in the treatment group (-1.3%+5.4% versus
—5.4%=+7.5%; P=0.09). The reduction is, in part, ex-
pected and caused by the mechanism of action (re-
duction in LV preload). However, larger studies with
longer follow-up must be performed to assess whether
right ventricular pacing (essential for BP-lowering ef-
ficacy) increases the risk of heart failure development.
Especially in heart failure with reduced ejection frac-
tion, right ventricular pacing causing electrical and me-
chanical LV dyssynchrony has been shown to increase
the risk of atrial fibrillation, heart failure events, and
death.'®'® Moreover, there is growing evidence that
right ventricular pacing may also be detrimental in pa-
tients with normal LV ejection fraction."'® In addition,
short atrioventricular coupling intervals might result
in myocardial remodeling because the atria contract
against partially closed atrioventricular valves, with un-
known long-term consequences on atrial anatomy and
function. All of these potential adverse effects need to
be investigated in future studies with appropriate an
sample size and longer follow-up.

Can We Expect Pacemakers to

Be Implanted in Patients Without
Arrhythmias?

In contrast to previous trials investigating device-
based therapy,® the patients included in the
MODERATO Il trial had an indication for the implan-
tation (68% of the patients) or replacement (32% of
the patients) of a dual-chamber pacemaker. Hence,
the patients had not undergone a dedicated inva-
sive procedure for their hypertension treatment.
However, if further trials confirm the immediate BP-
lowering effect, one might speculate whether CNT
is reasonable as an antihypertensive standalone
treatment in patients without bradycardic arrhyth-
mia. Unlike other device-based procedures, such
as renal denervation, in which no implant remains in
the body, pacemaker and cardioverter-defibrillator
implantations are more frequently complicated by
severe (incidence of perforation: 0.1%-1.5%; infec-
tion: 0.6%-3.4%; lead dislodgement: 1.2%-3.3%)
and also fatal (incidence of 30-day mortality: 0.6%—
1.4%) complications.'® Even if the BP-lowering effect
of CNT is sustained over the long term, the effect
requires a functioning battery; therefore, battery re-
placements may become necessary especially in
young patients.

The authors should be commended for conduct-
ing and completing another randomized, sham-
controlled device-based hypertension trial, which
undoubtedly represents the gold standard to assess
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the efficacy and safety of novel invasive BP-lowering
technologies.” The placebo-controlled MODERATO
Il trial has shown that CNT is feasible and accept-
ably safe in the short term in patients with hyperten-
sion and an indication for pacemaker implantation.
Particularly, the clinically relevant and immediate drop
in ambulatory SBP, as well as its efficacy in patients
with isolated systolic hypertension, are to be high-
lighted. However, larger studies with longer follow-up
are needed to confirm the long-term safety before
any thought can be given to the device’s role in clin-
ical practice.
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