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Renal denervation and glucose metabolism: another burst bubble?

Jan Vadavik

See related article, pp. 246-50.

In recent years, few, if any, therapeutic methods have
enjoyed such immense rise in popularity and subsequent
fall as catheter-based renal denervation. In this proce-
dure, a radiofrequency ablation catheter is inserted via
the femoral artery into the renal arteries. Then with the
Symplicity flex catheter used in most studies, a radiofre-
quency current is applied at several point lesions from the
Iuminal side of the artery with the goal of interrupting the
sympathetic nerve fibres running in the vascular adven-
titia'. Sympathatic denervation of kidneys is predicted
to lead to decrease in arterial blood pressure due to in-
creased renal blood flow, decrease in plasma renin activity
and reduced afferent stimulation of the hypothalamus by
thekidneys'.

The results of the first trials were very promising
and gave rise to great enthusiasm among hypertension
specialists and cardiologists worldwide. In the first non-
randomized proof-of-concept study, Symplicity HTN-1
in patients with resistant arterial hypertension, the office
blood pressure (BP) decreased 6 months after the proce-
dure by 27/17 mm Hg (ref.?. In the following randomized
study, Symplicity HTN-2, the office BP 6 months after
renal denervation was 33/11 mm Hg lower than in the
control group treated by continuing pharmacotherapy,
without any excess adverse events in the intervention
group®. Regrettably, ambulatory blood pressure moni-
toring (ABPM) was performed in less than half of the
patients (20 denervated and 25 controls) with a more
modest reduction of mean 24-hour ABPM by 11/7 mm
Hg in the interventional vs. 2/1 mm Hg in the control
group’. Any secondary etiology of hypertension in these
patients was not investigated. Nor was their adherence
to treatment.

Several further denervation catheters and systems
emerged on the market and their effect on BP in un-
controlled trials appeared to be similar to the above
Symplicity 1 and 2 trials*. A later trial conducted by 10
European hypertension centres of excellence, comprising
109 patients with resistant hypertension reported an of-
fice BP reduction after renal denervation by 17,6/7,1 mm
Hg but the mean 24-hour BP decreased by only 5,9/3.5
mm Hg (ref.®). The authors of the ESH/ESC European
hypertension guidelines regarded renal denervation as
promising but stressed the need for additional data from
properly designed long-term comparison trials to con-
clusively establish its safety and persistent efficacy vs.
the best possible drug treatments®. Despite this, many
European countries approved this therapeutic method
and in some countries, the procedure was even reim-
bursed by health insurance.
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To approve this method, the American Food and Drug
Administration agency (FDA) required further study. 535
patients were randomized in the U.S. in the Symplicity
HTN-3 trial in a 2:1 ratio to undergo renal denervation
with the Medtronic Flex catheter or a sham intervention-
al procedure without renal denervation’. This study was
terminated prematurely in the early 2014 because of its
failure to meet the primary efficacy endpoint. Difference
between the decrease in office systolic BP between renal
denervation and sham procedure was only 2.39 mm Hg
after 6 months (P = 0.26) and the difference in systolic
BP on ABPM was only 1.96 mm Hg (P = 0.98) (ref’).
Further, there were no significant differences in safety
between the two groups.

Many experts now argue about what could cause
such an immense discrepancy between the results of
Symplicity 1, 2 and 3 trials. Recent retrospective analysis
of Symplicity HTN-3 showed that the decrease of office
systolic BP was negligible in Afro-Americans (higher BP
reduction in sham procedure by 2.3 mmHg), while in
other ethnic groups the BP there seemed a significant
reduction of office systolic BP in favour of renal denerva-
tion (by 6.6 mm Hg) though the changes in ABPM BP
did not differ significantly for various ethnic groups®. The
American centres had only minimal previous experience
with renal denervation and the majority of investigators
had only performed one or two procedures before start-
ing treating the study patients. A retrospective radiologic
analysis found that in the majority of patients treated by
renal denervation (74%), complete ablations in all 4 quad-
rants of both renal arteries encompassing the whole 360°
of artery circumference were not performed, and more
pronounced BP decrease was noted in patients with a
larger number of renal artery ablations (12 and more
ablations) (ref.?). However, based on their retrospective
character, all the above are only hypotheses generating
results which have to be confirmed by further studies.

It is very likely that the substantial BP decrease reg-
istered in the original Symplicity HTN-1 and 2 trials is
result of bias and placebo effect. A recent metaanalysis of
hypertension clinical trials performed after 2000 found
a significant decrease in office BP in placebo treated pa-
tients by 5.92/5.40 mm Hg (ref.?). In the trials of resistant
hypertension, the BP decrease in placebo arms was even
more pronounced, reaching 8.76/3.70 mm Hg (ref.%).
Three factors may explain the magnitude of the placebo
effect. Firstly, the “regression to mean“ - high biological
variability of BP often leads to enrolment of patients at
the “big-day“ when their BP is high, and on next visits
the BP is lower due to its variability. Secondly, clinical
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observers have a tendency to repeat the BP measurement
to approximate the BP to expected values, thus producing
an “unintentional observer bias®. Thirdly, improvement in
patient compliance may play an important role due to bet-
ter education and more thorough follow-up, manifesting
in larger BP decrease in placebo arms in patients using
more antihypertensive drugs at enrolment’.

In 2011, Mahfoud et al. reported improvement in glu-
cose metabolism and insulin sensitivity 3 months after
renal denervation in 37 patients with resistant arterial
hypertension'®. Of these, 17 were enrolled in the con-
troversial Symplicity HTN-2 trial. Fasting glucose was
reduced by renal denervation from 118 mg/dL (6.56
mmol/L) to 108 mg/dL (6.0 mmol/L, P=0.039). Insulin
levels were decreased from 20.8 to 9.3 mIU/L (P = 0.006)
and C-peptide levels from 5.3 to 3.0 ng/mL (P = 0.002).
After 3 months, homeostasis model assessment-insulin
resistance decreased from 6.0 to 2.4 (P = 0.001). Mean
2-hour glucose levels during the oral glucose tolerance
test (OGTT) were reduced significantly by 27 mg/dL (1,5
mmol/L, P=0.012) (ref.!?).

In a recently published DREAMS study, 29 patients
with metabolic syndrome who used a maximum of 1 an-
tihypertensive or 1 antidiabetic drug or both, underwent
renal denervation, which did not lead to a significant im-
provement in insulin sensitivity 6 and 12 months after
treatment. Neither did fasting glucose change significant-
ly during the follow-up (baseline 7.2 mmol/L, at 6 months
7.4 mmol/L and at 12 months 7.0 mmol/L, P=0.34), or
fasting insulin (20.9, 20.1 and 19.6 mIU/L, P=0.53) or
fasting C-peptide (1319 pmol/L baseline, 1306 pmol/L at
12 months, P = 0.82) (ref.""). The results of OGTT were
also not significantly changed. As the only explanation
for the difference, the suggestion was made that the pa-
tients in the Mahfoud study had possibly higher baseline
sympathetic activation because of resistant hypertension''.

Remarkably, the authors of the DREAMS study also
observed that renal denervation did not alter sympathetic
activity as assessed by muscle sympathetic nerve activity
and heart rate variability!!, contrary to previous reports. It
seems that the currently used catheter does not adequately
lower sympathetic nervous system activity and thus can-
not produce the desired effects, mainly in lowering BP.

In this issue of Biomedical Papers, Matous et al. pres-
ent their data on the effect of renal denervation on glucose
metabolism in 51 patients with resistant arterial hyperten-
sion'?. They too found no positive effect of renal denerva-
tion 12 months after the procedure using the Medtronic
Flex catheter. Fasting glucose level significantly increased
at 12 months (from 7.4 to 7.8 mmol/L; P=0.032), glycat-
ed hemoglobin (from 46.1 to 47.6 mmol/mol; P=0.079)
and C-peptide level also showed a trend towards increase
(1178 to 1271 pmol/L; P=0.098) (ref.'?). In patients with
type 2 diabetes mellitus (n = 25; 49%) fasting glucose
significantly increased (from 8.6 mmol/L to 9.5 mmol/L;
P=0.033). In patients without diabetes mellitus (n = 26;
51%) there were no statististicaly significant changes in
any parameter'?.

The baseline patient characteristics in both the Matous
and Mahfoud studies were very similar, including a similar
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proportion of diabetic patients, and this cannot explain
the different results of these trials. 84% patients in the
recent Matous study underwent standard RDN according
to common protocol - i.e. bilateral denervation with at
least 4 applications of radiofrequency to each renal ar-
tery (proximal, distal, anterior, posterior - controlled by
biplane X-ray). In 4 patients of this study, changes were
made in oral antidiabetic medication or insulin dosage
during the 12-months follow-up but this would more likely
lead to improved, not worsened glucose control. Although
not reported in more detail, Matous et al. found a rela-
tively high level of non-compliance to the antihypertensive
medication in these patients based on assessment of se-
rum levels of antihypertensive drugs, and they assume the
same applies to peroral antidiabetic medication.

In an experimental trial in rats, surgical renal dener-
vation affected neither weight gain nor plasma glucose
levels, but it increased urinary glucose by 45% and di-
uresis by 68% in diabetic rats (P < 0.05), probably due to
reduced levels of cortical and medullar GLUT1 protein
in the kidneys'. Surgical renal denervation also had no
effect on mean arterial pressure in this study'’. A more
recent study from this group in rats, also showed no effect
of renal denervation on glucose values and metabolism .

A recent autopsy finding in a woman with resistant
hypertension who died 9 days after catheter-based renal
denervation on aortic dissection found that renal dener-
vation did not lead to complete interruption of the con-
tinuity of all adventitial nerve bundles around the renal
arteries’. Around both arteries, adventitial and periad-
ventitial nerve bundles of variable calibre were noted at
distances from 1 to 4 mm from the luminal surface but the
damage from renal denervation did not penetrate deeper
than 2 mm from the luminal surface'.

In conclusion, it seems that currently used techniques
of catheter-based renal denervation have either very limit-
ed or no effect on either blood pressure or glucose metab-
olism. For these reasons, it is time for renal denervation
to return from the bedside to the laboratory and more ef-
fective modalities of this procedure should be developed.
Then, before adoption into clinical practice, their effect
must be assessed in meticulously designed prospective,
randomized, blinded, sham-controlled trials.
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