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SYMPLICITY HTN-3:

Ajay J. Kirtane, MD; Krishna J. Rocha-Singh, MD; and Prof. Darrel Francis discuss key data from

the trial and its potential effect on patient care and the evaluation of interventional therapies

for treatment-resistant hypertension.

. or the past several years, one of the hottest topics
|___ at congresses has been the potential for sympathet-
ic denervation in treating patients with resistant
hypertension. These patients have long presented a
quandary for primary care physicians and specialists alike,
with resistances including nonresponsiveness as well as
noncompliance for a variety of reasons.

The game-changing potential for interventional
options to meet this need has been embraced by
members of every vascular specialty, as well as industry,
which has seen dozens of platforms in development
from companies large and small, and substantial invest-
ments in acquisitions and clinical trials. There has also
been skepticism by some due in part to increasing adop-
tion of renal denervation in the absence of data from
large-scale randomized trials involving a blinded control
arm. Questions were raised as to whether enough was
known about the patient population, the anatomy and
its relationship to both symptoms and outcomes, the
safety of the concept in practice, the actual versus per-
ceived effects of the therapy, and how much of a blood
pressure drop would need to be observed and for how
long.

These are the types of reasonable questions that face
any emerging, potentially paradigm-shifting therapy,
and the reason the results of RCTs are seen as the
keys to the future of this device class. With numerous
platforms available in some global markets and the
Symplicity platform (originally developed by Ardian and
subsequently acquired by Medtronic, Inc. [Minneapolis,
MN]) a leading candidate to be the first to reach mar-
ket in the United States, the results of its trial aimed
at gaining US approval were among the most eagerly
anticipated.
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In January 2014, Medtronic sent a shockwave through the
field in announcing that its pivotal randomized trial in the
United States, SYMPLICITY HTN-3, had failed to meet its
primary efficacy endpoint. Importantly, however, the safety
endpoint was said to have been met. Little was known
about exactly which factors contributed to the efficacy
endpoint failure, and the data from SYMPLICITY HTN-3
would not be presented until the annual American College
of Cardiology Scientific Sessions in March, with a simulta-
neous publication in a peer-reviewed journal. Medtronic
suspended enrollment in SYMPLICITY HTN-4 (a concur-
rent trial similar in design to HTN-3 focusing on less severe
hypertension) as well as trials in Japan and India while it
sought to gather additional information via an expert panel
review and continued data collection in its global postmar-
ket surveillance registries. In those markets where Symplicity
technology had received approval, it was to remain on the
market for use at the discretion of treating physicians.

Less than 2 weeks after the January announcement,
Covidien (Mansfield, MA) announced it would exit its
OneShot renal denervation program, while other compa-
nies such as Boston Scientific Corporation (Natick, MA)
continued with theirs. Physicians and industry awaited
the full dataset to determine what led to the missed end-
points—results that would stand in contrast to what had
been seen in previous studies that did not include random-
ization to a sham arm.

KEY DATA FROM SYMPLICITY HTN-3

On March 29, Co-principal Investigator Deepak L. Bhatt,
MD, presented the full results of SYMPLICITY HTN-3 in a
late-breaking session at ACC.14. The data were also pub-
lished simultaneously online ahead of print in The New
England Journal of Medicine.”



Key among the findings was the unmet primary end-
point—comparison of in-office systolic blood pressure (SBP)
change (from baseline to 6-month follow-up) between
the renal denervation arm (n = 364) and the control arm
(n = 171). Dr. Bhatt reported that there was a statistically
nonsignificant difference of 2.39 mm Hg (95% confidence
interval [Cl]: -2.12 to 6.89; P = .26), with a SBP reduction of
14.1 mm Hg in the renal denervation arm versusa 11.7 mm
Hg reduction in the control arm. In the secondary endpoint
(comparison of SBP change from baseline to 6-month
follow-up in mean 24-hour ambulatory blood pressure
monitor [ABPM)]), there was a statistically nonsignificant dif-
ference of 1.96 mm Hg, (95% Cl, -1.06 to 4.97; P = .98), with
a SBP reduction of 6.8 mm Hg in the renal denervation arm
versus a 4.8 mm Hg reduction in the control.

The company’s previous statement that the trial met
its safety endpoint was confirmed, as Dr. Bhatt presented
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a major adverse event rate of 1.4% (upper 95% confidence
bound, 2.9%) in the renal denervation arm, which was
significantly less (P < .001) than the prespecified objective
performance criterion of 9.8%. The major adverse event
rates at 6 months were 4% in the renal denervation arm
and 5.8% in the control arm (P = .37).

Medtronic has stated that it will continue to support
its global hypertension program and provide access to
the Symplicity system in those markets in which it has
regulatory approval. The company is working to deter-
mine the best path forward in consultation with the US
Food and Drug Administration, stating that it believes
its detailed analysis of SYMPLICITY HTN-3 shows that
further clinical investigation is warranted. Studies of the
Symplicity platform will also continue to be pursued in
other disease states such as atrial fibrillation, chronic kid-
ney disease, and heart failure.

APPLYING THE LESSONS OF SYMPLICITY HTN-3 TO PRACTICE AND STUDY

In order to better understand the factors that led to the relative successes and failures of the trial and how these

might best be applied to current practices and future trials, we spoke to two of its investigators, Drs. Ajay ). Kirtane,

and Krishna Rocha-Singh, as well as a keen observer of the impact of study design on results, Professor Darrel Francis.

Ajay ). Kirtane, MD, SM
Chief Academic Officer

New York, New York

Associate Clinical Professor of Medicine
Prairie Heart Institute at St. John’s Hospital
Springfield, lllinois

Professor Darrel Francis, MD, MA, FRCP
Professor of Cardiology
The National Heart and Lung Institute

London, UK
Disclosure: Consultant to Medtronic, Inc.

What are the most important lessons from
SYMPLICITY HTN-3? Which factors most led to its fail-
ure to meet the efficacy endpoints?

Dr. Kirtane: | believe it was multifactorial—any of a
number of things could have contributed to the results.
The trial was conducted in an extremely rigorous way,

Consultant Cardiologist, Imperial College London

Director, Interventional Cardiology Fellowship Program
Columbia University Medical Center / New York-Presbyterian Hospital

Disclosure: Research grants from Medtronic, Inc, Boston Scientific Corporation, Abiomed, and St. Jude Medical

Krishna J. Rocha-Singh, MD, FACC, FAHA, FSCAI, FSVM

Disclosure: Consultant to Medtronic, Inc, Boston Scientific Corporation, and CardioSonic

but, the challenging patient population and the lack of
complete denervation are probably the two biggest fac-
tors. And, you could always question whether denerva-
tion itself is truly efficacious.

However, it's important to note that SYMPLICITY
HTN-3 was conducted with perhaps more rigor than
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any trial I've been associated with personally. Thus, |
don’t think the trial should be criticized from a scientific
standpoint, but we need to find out more about the
procedure itself and the patients that could benefit the
most from it.

Dr. Rocha-Singh: To me, it is important not to dwell
on the idea that this was a “negative” trial. A very impor-
tant message for interventionists in particular is that
there are trials designed to show safety and efficacy, and
there are rigorous, prospective, sham-control trials that
produce level one data, and this was the latter.

But, to the degree that it did fail in meeting its end-
points, we need to fail forward and determine what can
be learned from this trial. The first question has to be
whether the device worked. As has already been well
established, one of the Achilles’” heels of renal denervation
is that we operate with dark glasses on—we have no idea
as to the effectiveness of what we have done when we
leave the cath lab. We don’t know if we ablated any affer-
ent or efferent nerves or the degree to which we did it.

It is also important to understand that the study is not
over. We still need to see if the untreated patients who did
not cross over, those who will continue to be the sham
arm, will see their effects dissipate over time. Similarly, will
the effect of hypertension control in the treatment group
increase over time, such as if you were to move the end-
point from 6 months to 1 year? My suspicion is that there
would not be sufficient power to complete that analysis,
but it will be an interesting signal to see whether we just
missed the time point here. There are also a number of
factors related to monitoring and bias that need to be
explored, the effects of merely being in a trial at all. The
placebo effect, the sham control, the Hawthorne effect,
and regression to the mean are all statistical and trial-relat-
ed phenomena that we as interventional physicians need
to better understand. We are not as accustomed to these
types of trial designs as those in other fields of science are.

Prof. Francis: Although the trial failed to meet its
efficacy endpoints, | think SYMPLICITY HTN-3 was a
success. The purpose of randomized controlled trials is
to give us reliable answers to our questions, and this one
has given us much more reliable answers than the previ-
ous data because it is randomized and blinded, which,
for the last two decades, we have known is the best way
to measure the effect of antihypertensive interventions.

SYMPLICITY HTN-3 has taught us that so many
“known knowns” were in fact unknown unknowns. We
now know that we hardly knew anything at all. | would
argue that these data represent the only information we
have about the effect size of renal denervation on blood
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pressure. The real question is, why did we do all these
studies with designs such that if they were evaluating a
drug, we would be laughed out of town? If | stood up to
present a drug trial that was conducted without blinding
or a control arm, the audience would throw rotten eggs
at me. And yet, | can do that for a device intervention
and people will clap politely. We've known for 25 years
that these elements are needed.

Dr. Kirtane: In looking at the SYMPLICITY HTN-3
data, the treatment reductions in blood pressure were
not as marked as initially observed in the early experi-
ences, meaning the treatment effect is less pronounced
than was previously thought. This is something Prof.
Francis, myself, and others have previously stated that we
expected to some extent. But, in fairness, there was a far
more pronounced effect in the sham-control group than
many expected as well. 'm not sure even the folks with
tempered expectations could have predicted the extent
of drop in the control group. Those two factors, in con-
junction with each other, resulted in the trial actually not
being adequately powered to show a difference. If this
trial had the exact same results but a much larger num-
ber of patients, it could have demonstrated a statistically
significant difference between treatment and control.

Prof. Francis: At first reading, the SYMPLICITY HTN-3
results appear to show no effect, but a better analysis
may be that we might now consider it underpowered
because we had a completely wrong idea about the
effect size to expect. From what | understand, there
are groups within the treatment arm that may have
responded better. But, it means we have to completely
rethink how we do our future studies. We may need
to choose our patients and measure the effect size in a
more sophisticated way. This isn’t to say SYMPLICITY
HTN-3 wasn'’t sophisticated—it was. But because it is
the first useful data we have, it now allows us to better
design future trials.

Dr. Kirtane: It isimportant to mention that the pri-
mary endpoint of SYMPLICITY HTN-3 was actually a
safety endpoint, and the power calculation was derived
based upon the safety assessment. Before this trial, it was
not known that denervation was truly safe; it was not
known whether the procedure would cause an excess of
complications to the kidneys or renal function, etc.

Now that we can see that the overall safety (at least
to 6 months) is quite good, and obviously we need to
follow patients out for longer to truly ensure that, we
can potentially start exploring other hypotheses such as
medication replacement.
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THREE REASONS ANTIHYPERTENSIVE EFFECTS CAN BE UNINTENTIONALLY OVERESTIMATED

Along with investigators from SYMPLICITY

. - HTN-2 (Horst Sievert, MD), SYMPLICITY
HTN-3 (Deepak Bhatt, MD, and David
Kandzari, MD) and EnligHTN (Vasilios
Papademetriou, MD), Prof. Francis has written
about why trial design can result in overestimates of effect
sizes.! They have proposed some simple names for the phe-
nomena, which are sometimes considered only theoretical,
but have turned out to be far more powerful than anyone
suspected.

“Big-Day Bias”

This phenomenon is officially called “regression to the
mean.” It occurs whenever patients are enrolled based on
having an extreme value of a variable that (within individu-
als) varies over time, and that enrollment value is used as
baseline for measuring changes. Imagine throwing dice and
selecting only the 5's and 6's. Imagine then applying an
ineffective intervention on those dice and throwing them
again. They will return to their long-term average score of
3.5. Since the scores in this cohort have fallen from 5.5 to
3.5, the intervention appears to have given a reduction of
2. Blood pressure is not totally random like dice, but it is
more variable than we often suspect and therefore suscep-
tible to this effect.

“Check-Once-More Bias”

Clinicians are often required to recognize and discard
incorrect data and just “check once more.” This is part of
what we call expertise. However, the knowledge we use
during this process imprints itself on the data we allow to
filcer through. After starting a drug therapy for hyperten-
sion, if the next office blood pressure seems higher, almost
all clinicians will recheck the pressure rather than docu-

ment a seemingly backward effect of the drug. However,
applying this principle with an expectation of a 30 mm Hg
drop in pressure may similarly encourage a clinician mea-
suring pressure postintervention to measure it again if the
fall is smaller than expected. This encourages overestima-
tion of effect size.

Change in Adherence

Patients experiencing the special steps involved in an
invasive procedure may change their level of adherence
to medication regimens. They may believe they have been
cured and reduce their adherence. Or, they may take the
procedure as evidence that they have a serious condi-
tion and increase their adherence: “This is serious, | had
better take these now.” It has been noticed that being a
participant in a study in which there is a change applied
and interest from observers tends to improve one’s human
performance. The famous Hawthorne experiments showed
that factory workers increased in productivity when light-
ing was slightly increased, and increased again when it was
decreased. Productivity increased when the work schedule
was changed, and increased again when it was changed
back. The lesson from this Hawthorne effect is that pre and
post measurements with an unblinded intervention are not
good guidance of its true effect.

The solution to all three problems is to have randomiza-
tion and blinding of both staff and patients. Big-day bias,
check-once-more bias, and change in adherence still occur,
but are equal in both arms. The difference between the
changes in the active and the control arms is the incremen-
tal effect of the intervention being tested.

1. Howard JP, Cole GD, Sievert H, et al. Unintentional overestimation of an expected antihypertensive effect in
drug and device trials: mechanisms and solutions. Int J Cardiol. 2014;172:29-35.

Do you consider the inclusion of a sham arm in this
and future renal denervation trials to be an ethical
concern in any way?

Dr. Kirtane: For this particular trial, | don’t think
it was an ethical concern at all. At the time this study
was conducted, it was unclear to what extent patients
would be eligible for the procedure, especially because
one could not treat accessory renal arteries or smaller
vessels. So, every patient had to have an angiogram, and
renal angiography is relatively standard for the workup
of patients with resistant hypertension. Because there
was only the issue of a minor time delay when the sham

procedure was occurring, there was minimal incremen-
tal access risk to the patients in this trial, if any. Going
forward, we now know that the accessory renals may be
important, that they can be treated, and there may be
other ways to do the sham. And it’s not about the sham
per se, it's about blinding of the patients, so that they
don’t know what they get. There may be other ways to
achieve the same effects without actually performing a
sham as was done in this study.

Prof. Francis: | believe it’s an ethical concern if any
interventional trial for hypertension does not have
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a sham arm because what we're doing in that case is
collecting the wrong information. When you balance
risks against benefits, if the study design is predestined
to give the wrong answer, then any risk is too high.
We have recently published on this.?

What are your current impressions of the challenges
of medical therapy compliance both within and
outside of the clinical trial setting for patients with
resistant hypertension?

Dr. Rocha-Singh: We know from previous trials
and experiences that this population’s compliance
and consistency in taking their medications is horrible.
They’re not just on antihypertensive medications
though—it’s a poly-pharmacy, and it’s unrealistic to
expect a person to follow that kind of rigorous regi-
men on a regular basis.

Prof. Francis: | recently received a prescription for
antibiotics to be taken three times a day over five
days, fifteen tablets in total. | took it “religiously,” and
by chance, | was teaching students at the time on the
importance of adherence. Yet, at the end of the five
days, | still had five tablets left over. How was that
possible? I'm a professor of cardiology, | know how
important it is, | swear | was taking it, and even | failed
to do it. How is a patient supposed to do it? Not for
a symptomatic condition, but for an asymptomatic
one? Not for one tablet, but a dozen? Not for a few
days, but for life? It is very difficult.

Sometimes patients have side effects, but some-
times they just get fed up. When they get to the limit
of what they can take, | think it’s our responsibility to
see if there are other things we can do to help them.
For many, there is no point in just saying, “Improve
your lifestyle.” By the time they are considered for
denervation, they’'ve been through all that already. So,
we should study the true incremental effect of inter-
ventions other than drugs, so we can advise patients
wisely.

Dr. Kirtane: One could certainly argue the merits
of bringing this therapy (if shown to be efficacious)
to patient populations for whom medications are
unwanted, unwelcome, or not well tolerated. That
might be an avenue of further investigation.

Prof. Francis: These patients know whether or not
they're taking their pills. If they would prefer to have
the intervention rather than take more pills or take
the currently prescribed pills more consistently, that's
fine. Why shouldn’t they choose that? We should
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focus our efforts on obtaining a reliable measurement
of the effect size of denervation and offer it to people
who prefer it to the option of actually taking more
tablets.

What do you anticipate the overall effect of the
SYMPLICITY HTN-3 data will be on renal denerva-
tion use, as well as on future studies?

Dr. Rocha-Singh: | think we will not see a similar
endpoint pursued with this technology in future trials.
If we assume that Boston Scientific remains engaged,
we have to first understand that their platform is
bipolar rather than monopolar. | suspect they believe
they are substantially different in their technology and
its efficacy. Their data may be fairly similar, but we
don’t know that yet because it hasn’t been published.
In any case, they will likely not follow the same clinical
trial path.

Dr. Kirtane: As far as European practices are con-
cerned, | think there will be a more assiduous up-front
assessment of patients than even what has been going
on until this point. Many of these patients are already
rigorously assessed with ambulatory blood pressures
by hypertension experts, but | think these monitor-
ing methods will be perhaps even more stringently
employed due to these results in order to ensure
that the patients being treated really have no other
options. Ultimately, even if the device is only 60%
effective, if you're treating patients who don’t have
other options using therapy that has a reasonable
safety profile, then it makes sense to do this proce-
dure, because it would be great if 6 out of 10 people
could respond.

Also, in SYMPLICITY HTN-3, the placebo effect
observed demonstrated that patients’ blood pressures
were somehow able to be controlled. I'm not advocat-
ing doing placebo procedures, but in simply being fol-
lowed more closely in a trial-like setting, their blood
pressures came down, and that's clinically important.
So, one potential application of these findings in plac-
es where renal denervation is available is that patients
could see an improved blood pressure response sim-
ply by being referred to a hypertensive center, with
denervation possibly being offered as a last resort.

In the next trials, we need to learn more about the
procedure’s effect and the patients who will benefit
most from it. B

1. Bhatt DL, Kandzari DE, O'Neill WW et al. A controlled trial of renal denervation for resistant hypertension.
NEngl J Med. 2014;370:1393-1401.
2. Shun-Shin MJ, Howard JP, Francis DP. Removing the hype from hypertension. BMJ. 2014;348:91937.



