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Proposal of a new strategy for ambulatory blood
pressure profile-based management of resistant
hypertension in the era of renal denervation

The article has been corrected since Advance Online Publication, and a corrigendum is also printed in this issue.

Kazuomi Kario

In Asian populations, a high prevalence of stroke, high salt intake and high salt sensitivity, the effects of which are partly

augmented by epidemic obesity, are associated with hypertension. These factors are closely associated with resistant

hypertension, especially with the disrupted circadian rhythm of blood pressure (BP), that is, non-dipper and riser patterns.

An ambulatory BP profile-based strategy combined with medication and devices (renal denervation and baroreceptor activation

therapy) would help to achieve ‘perfect 24-h BP control’, consisting of strict reduction of the 24-h BP level, restoring disrupted

circadian BP rhythms and reducing excess BP variability. Such BP control would protect high-risk patients with resistant

hypertension against systemic hemodynamic atherothrombotic syndrome (which involves systemic atherothrombotic vascular

diseases and target-organ damage, advanced by the composite risks of pulsatile hemodynamic stress from central pressure and

blood flow and by thrombometabolic risk factors). Information technology-based home sleep BP pressure monitoring may be

useful for assessing the risk during sleep in high-risk patients with resistant hypertension and sleep apnea syndrome.
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INTRODUCTION

High blood pressure (BP) is directly associated with cardiovascular
events and mortality in all populations regardless of ethnicity.1 Various

classes of antihypertensive drugs are available, and combination

therapy using these drugs is recommended in both domestic and

international guidelines for hypertension management.2 However, BP

control below the target threshold remains insufficient in clinical

practice. In addition, recent increases in the aging population,

increases in the prevalence of chronic kidney disease and epidemic

obesity in Japanese hypertension patients are increasing the prevalence

of drug-resistant hypertension.3,4 Strategies for effective BP control are

required for high-risk patients with resistant hypertension, whose BP

remains high even when treated with three or more antihypertensive

drugs. In recent years, renal denervation has been introduced into the

management of resistant hypertension worldwide.5,6

In Hypertension Research 2013, the editors have initiated a topical
series on resistant hypertension, and distinguished researchers will
provide up-to-date information on this timely topic from their
various viewpoints. As a start, in this mini-review, I have proposed

my strategy for the management of resistant hypertension in the era
of renal denervation, and have stressed the importance of ‘perfect
24-h BP control’7 in this high-risk hypertension population.

ASIAN IMPACT OF CONTROLLING RESISTANT

HYPERTENSION

In Asia, there are several characteristics of hypertensive populations
(Table 1). First, stroke occurs more often than coronary artery disease
does in Asian countries compared with Western countries.8,9 Stroke is
more closely associated with BP than coronary artery disease is.10

Second, the slope of the association between BP and stroke is steeper
among Asians than among Westerners.10 Third and fourth, Asians are
likely to have a genetically high salt sensitivity, and to have a greater
salt intake than Westerners.11,12 Fifth, in response to the introduction
of the Western lifestyle in Asia, the prevalence of obesity and the
related metabolic syndrome is increasing.13 Obesity and metabolic
syndrome are known to increase salt sensitivity.14,15 In fact, the
threshold at which obesity increases BP is lower in Asians than in
Westerners, and being overweight or mildly obese may increase BP
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in Asians with high salt intake and higher salt sensitivity. The impact
of a body mass index of 25 in Asians is comparable with a body mass
index of 30 in Westerners as a determinant of prehypertension and
hypertension.16,17 Finally, these characteristics are associated with non-
dipping of nocturnal BP; a previous review demonstrated a higher
prevalence of non-dippers in Asian cohorts than Western cohorts.18

Although the precise prevalence of resistant hypertension in Asian
hypertensives remains unclear in Asia, the above characteristics suggest
that controlling resistant hypertension is important for the effective
prevention of cardiovascular events, particularly stroke, in Asia.

EVALUATION USING AMBULATORY BP MONITORING

Resistant hypertension is diagnosed when clinical BP remains above
140/90mmHg despite the concurrent use of three antihypertensive
agents of different classes.19 Ideally, one of the three agents should
be a diuretic, and all agents should be prescribed at optimal doses.
The standard combination of antihypertensive agents is a long-acting
calcium channel blocker (CCB), renin–angiotensin system (RAS)
inhibitors (angiotensin-receptor blocker, angiotensin-converting
enzyme inhibitor) and diuretics (thiazide, thiazide-like diuretic).

To manage resistant hypertension, secondary hypertension should
first be excluded (Figure 1). Particularly, sleep apnea is the most
common cause of resistant hypertension.20,21 Approximately two-
thirds of resistant hypertension cases are caused by sleep apnea,21

although the precise percentage of sleep apnea in Asian non-obese
patients with resistant hypertension remains unclear.
Second, ambulatory BP monitoring (ABPM) is recommended to

separate the patients with resistant hypertension diagnosed by clinical
BP into those with ‘white-coat’ resistant hypertension (24-h BP
o130/80mmHg) and ‘true’ resistant hypertension (24-h BP X130/
80mmHg). The clinical prognosis of patients with ‘true’ resistant
hypertension is much worse than that of patients with ‘white-coat’
resistant hypertension.22

With the aim of achieving ‘perfect 24-h BP control’, which would
achieve more effective cardiovascular protection (that is, strict BP
control o130/80mmHg for 24-h BP), adequate circadian rhythm
(dipper type) and the suppression of the exaggerated morning BP
surge are two other important components that ABPM could detect.7)
Nocturnal BP is more closely associated with a poor cardiovascular
prognosis in patients with resistant hypertension than daytime
BP is.23 Patients with non-dipper (diminished nocturnal BP fall)
and riser (higher nocturnal BP than daytime BP) patterns present
advanced target organ damage,24–27 and exhibit the worst prognosis in
terms of future cardiovascular disease and end-stage renal failure,27–30

which are more common in patients with resistant hypertension than
those with better-managed hypertension.31 Finally, exaggerated
morning BP surge is also associated with cardiovascular risk
independently of 24-h BP levels and nocturnal dipping status.32,33

Renal denervation ?

Exclude secondary hypertension

24-h BP <130/80 mmHg
Exclude “White-coat”
resistant hypertension

Clinic BP ≥160 mmHg, 24-h systolic BP ≥135 mmHg,
eGFR ≥45,  No structural abnormality in renal artery 

Central sympatholytic agent, direct renin inhibitor

Reconsider life-style and medication by ABPM profile

Resistant hypertension*

Proposal of Management of Resistant Hypertension based on Ambulatory Blood Pressure

“True” resistant hypertension

Increased BP variability
(morning BP surge) 

Non-dipper/riser

Dose of Calcium channel blocker
Aldosterone receptor blocker

(Angiotensin receptor neprilysin inhibitor)

Arterial stiffness type Volume retention type

Ambulatory BP monitoring

Bedtime dosing  (e.g. alpha blocker, vasodilating beta blockers**)

24-h BP ≥130/80 mmHg

Figure 1 Proposal of management of resistant hypertension based on ambulatory BP. *Already treated by calcium channel blocker, RAS inhibitors

(angiotensin receptor blocker, ACE inhibitor), Diuretics (thiazide, thiazide-like). **Carvedilol, nebivolol (unavailable in Japan).

Table 1 Characteristics of resistant hypertension in Asia

Stroke more common than coronary artery disease

Steeper association between BP and stroke

High salt intake

High salt sensitivity

Abbreviation: BP, blood pressure.
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SYSTEMIC HEMODYNAMIC ATHEROTHROMBOTIC SYNDROME

The above BP variabilities and vascular disease of both the large and
small arteries are closely related to each other and create the vicious
cycle that advances systemic hemodynamic atherothrombotic
syndrome (SHATS).33 SHATS is a syndrome of systemic
atherothrombotic vascular diseases and target organ damage
advanced by the composite risks of pulsatile hemodynamic stress
from central pressure and blood flow in relation to thrombometabolic
risk factors. Both the management of cardiovascular risk factors and
the reduction of pulsatile hemodynamic stress by restoring disrupted
circadian BP rhythms and reducing excess BP variability would
protect against the development of SHATS in high-risk patients
with resistant hypertension.

PROPOSAL OF AN AMBULATORY BP-BASED STRATEGY

For patients with ‘true’ resistant hypertension, we should reconsider
lifestyle and medication changes. Particularly, strict salt restriction
would be very effective for Asian patients with resistant hyperten-
sion,34 because even mild obesity and high salt intake are the
important risk factors for resistant hypertension in Asians with high
salt sensitivity. In one study, salt restriction changed patients’
nocturnal BP dipping status from non-dipper to dipper.35

The ambulatory BP profile of ‘true’ resistant hypertension may
separate the arterial stiffness type characterized by increased BP
variability, such as excess morning BP surges, from the volume
retention type characterized by non-dipper or riser nocturnal BP
patterns (Figure 1), as previously proposed in guidelines for RAS
inhibitor-based combination therapy.36

Arterial stiffness type
For the arterial stiffness type of resistant hypertension, increased doses
of the long-acting CCB that the patient is already taking is preferable
because of the three classes of antihypertensive drugs (CCBs, RAS
inhibitors and diuretics), CCBs are the most effective for reducing BP
variability.37 This ability to reduce BP variability is stronger at higher
doses and remains significant even when used in combination
therapy.38 The higher the baseline BP, the greater the BP-lowering
effect to be expected from the CCB.39,40 The maximum dose of long-
acting CCB minimizes the exaggerated morning BP surge, because the
CCBs can decrease the highest morning BP more extensively
than other drugs without causing any reduction in the lowest
nocturnal BP.33,39

Volume retention type
For the volume retention type, aldosterone-receptor blockers are
preferable among the three classes of antihypertensives (CCB, RAS
inhibitors and diuretic). The non-dipping of nocturnal BP is closely
associated with increased circulating volume retention. Diuretics are
the most effective class of antihypertensives for changing non-dipping
nocturnal BP to a dipping pattern.41 This property of diuretics
persisted when used in combination with RAS inhibitors.42 However,
increasing doses of thiazide may worsen glucose metabolism.
Particularly in Asians, small doses of diuretics may be sufficient to
reduce nocturnal BP when combined with RAS inhibitors.43

Aldosterone-receptor blockers reduce circulating volume without
impairing glucose metabolism. Low-dose spironolactone clearly
reduced BP in subjects with resistant hypertension.44 In our
previous study, eplerenone reduced predominantly nocturnal BP
compared with daytime BP in uncontrolled hypertensive patients
already being treated with RAS inhibitors.45 Angiotensin receptor
neprilysin inhibitors may also be effective in non-dippers with

‘true’ resistant hypertension because increased atrial and brain
natriuretic peptides may reduce circulating volume. A recent clinical
trial of angiotensin receptor neprilysin inhibitor demonstrated
effective ambulatory BP lowering, including nocturnal BP reduction,
in hypertensive patients46 and effective reduction of N-terminal brain
natriuretic peptide, a biomarker of cardiac overload in heart failure
patients with preserved left ventricular ejection fraction.47

Circadian medication
When morning BP surges or non-dipper/riser patterns persist,
another option is bedtime dosing of antihypertensive drugs, particu-
larly alpha-blockers48 or vasodilating beta-blockers, such as
carvedilol49 and nebivolol (unavailable in Japan). This circadian
medication would be useful predominantly for reducing nocturnal
and morning BP, for shifting non-dipper/riser patterns to dipper
patterns and for suppressing the exaggerated morning BP surge.
Bedtime administration of angiotensin-receptor blockers improves
microalbuminuria more effectively than morning dosing does.50

Controlling nocturnal BP reduction is essentially more important
than controlling daytime BP is.51

The above described ambulatory BP-based approach would be
effective for achieving ‘perfect 24-h BP control’ with 24-h BPo130/
80mmHg, dipper-type circadian rhythm, and an adequate morning
BP surge.
When BP control is not complete, other classes of drugs, such as

central sympatholytics and direct renin inhibitors, could be added.

RENAL DENERVATION IN JAPAN

For patients with resistant hypertension being treated with the above
described ambulatory BP-based medication strategy, two new device
approaches have recently been introduced into clinical practice. One
is catheter-based renal sympathetic denervation,5,6) and the other is
the electrical stimulation of the carotid baroreceptor (baroreceptor
activation therapy). The renal sympathetic nerves, both efferent and
afferent, are located in the adventitia of the renal arteries. The
catheter-based renal sympathetic denervation system is designed to
deliver low-level radio frequency energy through the wall of the renal
artery to achieve renal denervation.
A randomized clinical trial of renal denervation with a control arm,

HTN Japan, was initiated to evaluate the efficacy and safety of
catheter-based renal denervation in Japanese patients with resistant
hypertension in August 2012, and Jichi Medical University conducted
the first two cases in Japan with no complications. Inclusion criteria
for this trial are (1) high-clinical systolic BP X 160mmHg and high
24-h systolic BPX 135mmHg, even when treated with three or more
different classes of antihypertensive drugs, including diuretics;
(2) a maintained estimated glomerular filtration rate 445; and
(3) no structural abnormality in the renal artery. These
inclusion and exclusion criteria are almost the same as those of the
Symplicity HTN-1 and Symplicity HTN2 trials,5,6 both of which
demonstrated that renal denervation reduces clinical BP by 30mmHg
systolic, self-measured home BP by 20mmHg and 24-h ambulatory
BP by 10mmHg, and changes non-dippers to dippers. Previous
studies have also demonstrated that catheter-based renal denervation
improves insulin resistance (homeostasis model assessment, HOMA
index),52 renal resistive index and microalbuminuria values without
reducing the glomerular filtration rate,53 and it improves hyper-
tensive heart disease (left ventricular hypertrophy and diastolic
dysfunction).54 These target organ protection effects are
predominantly caused by the extensive BP lowering effect, but may
partly result from a direct sympatholytic effect on the target organ.
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HYPOTHESIS OF ‘PERFECT 24-H BP CONTROL’ BY RENAL

DENERVATION

As the mechanism of renal denervation, efferent denervation reduces
renal catecholamine production and beta-1 adrenergic renin produc-
tion. These changes increase renal blood flow and reduce circulating
volume, thus explaining the shift from non-dipping to dipping of
nocturnal BP in patients with resistant hypertension. In addition,
afferent denervation decreases central sympathetic activity in response
to increased baroreceptor sensitivity, thus potentially explaining the
reduced variability in BP, including the morning BP surge and the
24-h BP reduction, as resulting from decreases in peripheral resistance
and cardiac workload. Thus, I hypothesize that renal denervation
could achieve ‘perfect 24-h ambulatory BP control’, consisting of a
strict reduction in the 24-h BP level, a dipper pattern of nocturnal BP
and an adequate morning BP surge (Figure 2).

CUTTING-EDGE SLEEP BP MONITORING AT HOME FOR

RESISTANT HYPERTENSION

As mentioned above, sleep BP is more important than awake
BP in patients with resistant hypertension. In addition, the most
frequent cause of resistant hypertension is sleep apnea syndrome,
for which ambulatory BP is likely to exhibit a non-dipper/riser
pattern of nocturnal hypertension particularly, with increased sleep
BP variability.20 Thus, it is very important to detect sleep apnea
syndrome and monitor sleep BP in patients with resistant
hypertension.
ABPM has historically been the gold standard for measuring BP

during sleep. However, self-measured home BP monitoring could be
used to evaluate sleep BP, with results that are comparable with those
of ABPM. We have been developing a self-measured home sleep
BP monitoring system, as described below.

Basic sleep BP monitoring at home
Recently, working with Omron HealthCare (Kyoto, Japan), we
developed a home BP monitoring system with the function of
automatic fixed-interval BP measurement during sleep (Medinote,
Omron HealthCare). The at-home, self-measured sleep BP using this
device (the average of the sleep BPs measured at 0200, 0300 and 0400
hours) was comparable with that measured by ABPM, and we have
demonstrated for the first time that at-home, self-measured sleep BP
was more closely associated with measures of target organ damage,
such as left ventricular mass index and urinary albumin excretion
values, than ABPM was.55

The development of Medinote was the first step in detecting basic
BP information using at-home, self-measured BP monitoring com-
pared with ABPM, and it extended the scope of previous home
BP monitoring that measured BP only once during sleep.56

Trigger sleep BP monitoring
The second advance was the development of trigger sleep BP
monitoring (TSP), which was based on the automated fixed inter-
val-measurement technique of Medinote with an added trigger
function that initiates BP measurement when oxygen desaturation
falls below the variable threshold continuously monitored by
pulseoximetry.20,57 TSP can detect the sleep BP surge found in
patients with sleep apnea syndrome. Neither previous home BP
monitoring nor ABPM could detect augmented sleep BP or the sleep
BP surge specific to each sleep apnea episode.
Figure 3 demonstrates the sleep BPs detected by TSP in the two

cases with resistant hypertension and sleep apnea syndrome. Although
the patients’ had comparable degrees of sleep apnea syndrome severity
(as measured by the apnea hypopnea index), the trigger function of
TSP revealed quite different sleep BP surges between these patients.

Efferent nervous Afferent nervous

Central sympathetic activityRenal blood flow

Sodium excretion
Baroreceptor sensitivity

Hypothesis of “perfect” 24-h Blood Pressure Control 
by Renal denervation in Resistant Hypertension

Perfect 24-h blood pressure control

Renal sympathetic nerves

Renal denervation

24-h blood pressure

Shift from non-dipper 
to dipper

Excess morning BP surge
Excess sleep BP surge of sleep
apnea (detected by hypoxia-triggered
home BP monitoring)

Figure 2 Hypothesis of ‘Perfect 24-h BP Control’ by renal denervation in resistant hypertension.
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Information technology-based, at-home trigger sleep BP
monitoring
Finally, we have recently developed the Information technology-based,
at-home trigger sleep BP monitoring with a 3G web system (ISP) with
our colleagues (Toshikazu Shiga, Takahide Tanaka, Mitsuo Kuwabara,
Osamu Shirasaki and Yutaka Kobayashi) at Omron HealthCare Inc.
(Kyoto, Japan). The ISP system is a cloud computing-based composite
management and analysis system for the data sent from the ISP device
in the patient’s home. The ISP system can detect repeated and day-
to-day variability in sleep BP and the sleep BP surges associated with
sleep apnea episodes, the degree of which can be affected by daily
environmental changes. Using ISP, we have started the prospective
study SPREAD (Sleep pressure and disordered breathing in resistant
hypertension and cardiovascular Disease), a registry to evaluate the
clinical implications of sleep BP and sleep BP surges in high-risk
patients with resistant hypertension, in September 2012.

CONCLUSION

The ambulatory BP profile-based strategy, in combination with
medication and devices for resistant hypertension management, is
potentially effective for achieving perfect 24-h BP control, and
therefore protecting patients’ cardiovascular and renal systems. ISP

may be useful for detecting and managing the risk of SHAT in high-
risk patients with resistant hypertension and sleep apnea syndrome.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

1 Lewington S, Clarke R, Qizilbash N, Peto R, Collins RProspective Studies Collabora-

tion. Age-specific relevance of usual blood pressure to vascular mortality: a meta-

analysis of individual data for one million adults in 61 prospective studies.

Lancet 2002; 360: 1903–1913.
2 Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki J, Horiuchi M, Imai Y, Imaizumi T,

Ito S, Iwao H, Kario K, Kawano Y, Kim-Mitsuyama S, Kimura G, Matsubara H, Matsuura

H, Naruse M, Saito I, Shimada K, Shimamoto K, Suzuki H, Takishita S, Tanahashi N,

Tsuchihashi T, Uchiyama M, Ueda S, Ueshima H, Umemura S, Ishimitsu T,

Rakugi H. Japanese Society of Hypertension Committee. The Japanese Society of

Hypertension Guidelines for the Management of Hypertension (JSH 2009). Hypertens

Res 2009; 32: 3–107.
3 Egan BM, Zhao Y, Axon RN, Brzezinski WA, Ferdinand KC. Uncontrolled and apparent

treatment resistant hypertension in the United States, 1988 to 2008. Circulation

2011; 124: 1046–1058.
4 Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA, Margolis KL, O’Connor PJ,

Selby JV, Ho PM. Incidence and prognosis of resistant hypertension in hypertensive

patients. Circulation 2012; 125: 1635–1642.
5 Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, Bartus K, Kapelak B,

Walton A, Sievert H, Thambar S, Abraham WT, Esler M. Catheter-based renal

Evening systolic BP (before going to bed): 146 mmHg
Sleep systolic BP (measured by hypoxia-triggered BP monitoring)
Average 150 mmHg; SD 17.0 mmHg; Peak 224 mmHg   

     55-year-old men with AHI 42.3
(treated by amlodipine 5 mg, olmesartan 20 mg,
trichlormethiazide 2 mg)  

Evening systolic BP (before going to bed) 151 mmHg 
Sleepsystolic BP (measured by hypoxia-triggered BP monitoring)
Average 114 mmHg; SD 8.3 mmHg; peak 136 mmHg  

40

60

80

100

120

140

160

180

200

220

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

0:
00

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

0

10

20

30

40

50

60

70

80

90

100

40

60

80

100

120

140

160

180

200

220

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

0:
00

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

0

10

20

30

40

50

60

70

80

90

100

224 mmHg

180
mmHg

120 

mmHg

SpO2
90%

Systolic BP measured by
hypoxia-triggered method

SpO2
(%)

SpO2
(%)

Sleep Sleep

Blood
pressure
(mmHg)

Time of day Time of day

Systolic BP
measured by
15 min-intervals

Diastolic BP

Pulse rate

Blood
pressure
(mmHg)

SpO2
90%

Different Sleep Blood Pressure Surges in 2 Patients
with Resistant Hypertension and Sleep Apnea Syndrome

High risk Low risk 76-year-old men with AHI 46.0
(treated by amlodipine 5 mg, olmesartan 20 mg,
indapamide 1 mg, ad Carvedilol 20mg)  

Figure 3 Different sleep BP surges in two patients with resistant hypertension and sleep apnea syndrome. Dark blue line indicate oxygen saturation (SpO2)

measured using pulseoximetry. Pink circle and line indicate BP measured using the hypoxia-triggered method. Red open square and line indicate systolic

BP measured at fixed 15min-intervals. Green circle and line indicate pulse pressure. AHI, apnea hypopnea index.

New strategy for resistant hypertension management
K Kario

482

Hypertension Research



sympathetic denervation for resistant hypertension: a multicentre safety and proof-of-
principle cohort study. Lancet 2009; 373: 1275–1281.

6 Symplicity HTN-2 Investigators, Esler MD, Krum H, Sobotka PA, Schlaich MP,
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