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Device-based therapies for resistant
hypertension in chronic kidney disease:
The continuing quest for a cure
ypertension can be a cause or consequence of chronic kidney disease (CKD),
H
in which sodium retention and volume expansion, increased activity of the renin-angiotensin system, and increased sympathetic nervous
system activity can all contribute to raising
blood pressure. Resistant hypertension, which
is associated with a higher risk for adverse outcomes, is overrepresented in CKD. An analysis
from the CRIC (Chronic Renal Insufficiency
Cohort) study showed a high prevalence of
apparent treatment-resistant hypertension in
Device-based
CKD (about 40%), with a 38% increase in
risk for adverse cardiovascular events and 28%
therapies
increase in risk for adverse renal events.1 This
have shown
underscores the importance of blood pressure
promise, but
control in this population, and novel therapeumany questions tic strategies should be explored.

still need
clariﬁcation

See related article, page 435

In this issue, Gajulapalli et al2 review
device-based therapies (renal denervation,
baroreflex activation and amplification therapy, arteriovenous coupling, and renal artery
stenting) in the treatment of resistant hypertension in CKD.
While clinical trials of device-based therapies have shown promise, many questions still
need clarification. Additionally, as noted in
the article, most device trials excluded patients with moderate-to-severe CKD (stages
3b, 4, and 5) and patients with end-stage kidney disease. In analyzing these trials, some
important considerations need to be kept in
mind.
doi:10.3949/ccjm.87a.20092
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■ RENAL DENERVATION
The concept of renal denervation is arguably
the most exciting new frontier for devicebased therapies.
However, in resistant hypertension, the
large SYMPLICITY HTN-3 renal denervation trial did not show benefit in a group undergoing this therapy compared with a sham
procedure group.3 Methodologic concerns
with this study and questions related to ablation technique led to more-refined trial designs.
The SPYRAL HTN-ON MED4 and OFFMED5 trials used second-generation multielectrode radiofrequency ablation devices,
and the RADIANCE-HTN SOLO trial6 used
an endovascular ultrasound device, all of
which showed significant blood pressure reductions in the denervation group. It should
be noted that the SPYRAL HTN-OFF MED
and RADIANCE-HTN SOLO trials were
done in patients not taking antihypertensive
medications, and SPYRAL HTN-ON MED
was done in patients taking up to 3 antihypertensive medications, which does not necessarily constitute resistant hypertension; the
mean number of antihypertensive medications in the denervation group was 2.2.
Unblinded trials like DENERHTN in
resistant hypertension showed significantly
more blood pressure reduction when renal
denervation was combined with stepped-up
medication therapy, but there was no sham
procedure group in this study.7
Meta-analyses of randomized trials of renal denervation showed reductions in 24-
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hour ambulatory blood pressure, with a mean
difference of –4.02/–2.05 mm Hg compared
with controls, and a mean difference of
–3.65/–1.71 mm Hg when the analysis was restricted to sham-controlled randomized trials,
suggesting a modest effect size.8,9 No subgroup
analysis for CKD was done in these trials.
There are limited data on renal denervation in CKD with resistant hypertension. A
small study in 15 patients with stage 3 or 4
CKD (mean estimated glomerular filtration
rate [eGFR] 31 mL/min/1.73 m2) showed significant reduction in office blood pressure and
ambulatory nighttime blood pressure, but not
in 24-hour ambulatory blood pressure or ambulatory daytime blood pressure.10 The REGINA
RDN study in 25 patients with stage 3 or 4
CKD (mean eGFR 37 mL/min/1.73 m2) did
not show a significant change in 24-hour ambulatory blood pressure, although there was
significant reduction in office blood pressure.11
It is reassuring that available data do not
suggest an unfavorable renal safety profile
with denervation. A 3-year follow-up from
the Global SYMPLICITY registry, which is
a database of real-world patients treated with
renal denervation, did not find a decline in
CKD exceeding what would be expected in
hypertensive CKD patients.12
Besides limited data in CKD patients,
there are other unanswered questions with renal denervation:
Who are the optimal candidates? Response
to renal denervation has been variable, and to
date there are no good predictors of response
that would enable optimal patient selection.
How much ablation is enough? There is no
method to verify adequacy of ablation in real
time.
Is the effect durable? Long-term efficacy
(beyond 3 years) is as yet unknown. Could reinnervation occur, and what are the possible
physiologic effects of this?
Is it safe in the long term? While the reported safety profile so far is reassuring, could there
be longer-term deleterious vascular effects?
Will it improve cardiovascular outcomes?
While cardiovascular outcomes could be extrapolated from effects of lower blood pressure, no studies of renal denervation have directly examined cardiovascular outcomes.

■ BAROREFLEX AMPLIFICATION
Baroreflex amplification therapy is the other
device-based therapy of interest, with endovascular deployment of a self-expanding nitinol device in the carotid sinus that increases
vessel radius and amplifies baroreceptor signaling. (An earlier concept used an electrical
device to stimulate the baroreceptors.)
CALM-FIM_EUR, a proof-of-principle
study, showed significant lowering of 24-hour
ambulatory blood pressure, but patients with
moderate to severe CKD were excluded from
this study (the average eGFR was 83 mL/
min/1.73 m2).13 Results from the CALM 2
study are awaited, although this trial also excluded patients with eGFR less than 45 mL/
min/1.73 m2.
■ ARTERIOVENOUS COUPLING
The coupler device, which creates a central
arteriovenous fistula connecting the distal iliac vein and artery to reduce arterial resistance
and pressure, is no longer in development.14
In summary, device-based therapies for resistant hypertension hold promise, but more
research is needed, particularly in patients
with advanced CKD. These therapies remain Renal
investigational in the United States and are denervation
not currently approved by the US Food and
may be
Drug Administration for clinical use.

the most
exciting
As Gajulapalli et al note,2 angioplasty with
new devicestenting for atherosclerotic renal artery stenosis remains a matter of controversy, and recent based therapy

■ RENAL ARTERY STENTING

trials did not show differences in cardiovascular outcomes, mortality, or progression of CKD
with stenting compared with medical therapy
alone (although the CORAL trial showed a
modestly greater blood pressure reduction in
the stent group).15 In our practice, we consider
stenting for hemodynamically significant renal
artery stenosis only in certain circumstances,
including resistant hypertension with blood
pressure that remains uncontrolled despite
optimal and intensive medication therapy.16
■ HOW SHOULD RESISTANT
HYPERTENSION BE MANAGED?
The management of resistant hypertension
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ANTIHYPERTENSIVE DEVICES

TABLE 1

Approach to treatment-resistant hypertension
1 Conﬁrm the diagnosis
Blood pressure should be measured in an out-of-ofﬁce setting using either ambulatory monitoring or home blood pressure
monitoring to conﬁrm diagnosis and to ascertain possible white coat effect.
2 Carefully review medications
Review of medications should include over-the-counter medications such as nonsteroidal anti-inﬂammatory drugs and herbal
medications, if any.
3 Explore the possibility of nonadherence to medications
Nonadherence may be cost- or side-effect-related or due to complexity of regimen and poor understanding of medications.
4 Reinforce lifestyle modiﬁcations
Guidelines for nonpharmacologic therapy from the American Heart Association and American College of Cardiology include a
low-sodium diet, physical activity, weight management, and limited alcohol intake. Of note, although increased intake of dietary
potassium is recommended for hypertension, this would not be feasible for patients with chronic kidney disease, who are prone
to hyperkalemia.
5 Assess for secondary causes of hypertension
6 Ensure optimal doses and combination of antihypertensive medications
Use thiazide-like diuretics such as chlorthalidone instead of hydrochlorothiazide.
Use loop diuretics in states of volume overload or when the estimated glomerular ﬁltration rate is less than 30 mL/min/1.73 m2.
Dual renin-angiotensin blockade with angiotensin-converting enzyme inhibitor and angiotensin II receptor blocker is not recommended for hypertension as it has not been shown to improve cardiovascular outcomes or blood pressure control, and increases
risk for acute kidney injury.
Consider addition of spironolactone as a fourth-line agent; this may require use of potassium binding agents in patients to
prevent hyperkalemia.
Further stepwise treatment could include addition of beta-blockers, alpha-blockers, centrally acting alpha agonists, and direct
vasodilators.
Complex treatment regimens should take into account the possibility of increased side effects and risk of nonadherence, and
care should be individualized, with close monitoring of renal function and electrolytes.
7 Refer to a hypertension specialist

should follow a stepwise approach (Table 1),
and should prompt investigation for secondary causes, including possible renal artery stenosis.
Spironolactone as a fourth-line agent
Spironolactone has been shown to be beneficial as a fourth-line agent in resistant
hypertension.17 A small Spanish trial (DENERVHTA) found that spironolactone lowered 24-hour ambulatory blood pressure more
than did renal nerve denervation.18 The larger
Czech PRAGUE-15 study showed similar 24-
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hour ambulatory blood pressure reduction at
6 months with renal denervation compared
with medication therapy that included spironolactone, and numerically better blood
pressure reduction at 1 and 2 years in the
group that was able to tolerate and continue
spironolactone.19
In CKD, the use of spironolactone may
be more likely to cause hyperkalemia, especially when combined with angiotensinconverting enzyme inhibitors or angiotensin
II receptor blockers. Newer gastrointestinal
cation exchanger potassium-binding agents
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have been shown to be effective in enabling
patients with CKD and resistant hypertension to take spironolactone with less hyperkalemia.20
■ DEVICES WOULD BE ATTRACTIVE
Complex treatment regimens increase the
possibility of side effects and risk of nonadherence, and device-based therapies would
seem an attractive option especially in these
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patients. While this is certainly an area of
opportunity, available data do not support
recommendations for device therapy in this
group (yet).
Resistant hypertension in CKD presents a
dual challenge for management, and randomized trials are needed in resistant hypertension
across the CKD spectrum to better assess the
efficacy of device-based therapies and comparative outcomes with antihypertensive drug
combinations.
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