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Documentation and treatment of hypertension:
In a family medicine resident clinic

* In the USA, uncontrolled hypertension
contributes to 1000 deaths a day.

 US$ 131 billion a year in healthcare costs.

So, Postgrad Med J 2015
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 Apparent treatment-resistant hypertension

aTRH is defined as uncontrolled hypertension
despite the use of 23 antihypertensive
medication classes.

or controlled hypertension while treated with
24 antihypertensive medication classes.

Muntner, Hypertension 2014



Definition of Resistant Hypertension

by Blood Pressure Monitoring

RHT categaries Office BP Mean home BP Mean daytime BP Mean daytime and nighttime BP
Controlled RHT <140/90mm Hg 38mmHy;  <1358immhg <33/83mm Hg and <12070mm Hg
Masked RHT %mmHy  :A30B0mmHp  213580mmbg +135/83mm Hy or 212070mm Ry
White-coat RHT 0%0mmHy  <13BmmHy  <13380mmHg <{33/83mm Ho and <120/0mm Hy
- 11 RHT A0%mmHg  A%BmmHp  213580mmHg +130/83mm Hy or 2120M0mm Ry

Muxfeldt, Am J Hypert 2014



Hypertension Grand Rounds

Truly Refractory Hypertension

Christoph Schroeder, Karsten Heusser, Julia Brinkmann, Jan Menne, Hanno Oswald, Hermann Haller,
Jens Jordan, Jens Tank, Friedrich C. Luft
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PREVALENCE OF aTRH

Study

Acelajado 2012 (13)
Brown 2001 (14)
Daugherty 2012 (16)
De |la Sierra 2011 (17)

Egan 2013 (18)
Garg 2005 (19)
Gea 2012 (20)

Holecki 2012 (21)
Kumbhani 2013 (23)
Leotta 2008 (24)
Massierer 2012 (25)
MeAdam 2009 (26)
Mezzetti 1897 (27)
Muxfeldt 2004 (28)
Otero 2008 (29)
Persell 2011 (31)
Pierdomenico 2005 (3)
Fosenbaum 2012 (32)
Salvetti 2011 (33)
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Random effects model

MNo.
304
334
24,499
68,045
46,887
1,281
a78
5,065
53,530
4733
606
21,460
250
1,698
1.674
3,710
1,715
144
478
436

Prevalence

0.095
0.254
0.162
0.076
0.180
0.110
0.042
0.139
0.127
0.220
0.175
0.213
0.108
0.151
0.136
0.128
0.07Ve
0.056
0.096
0.209

0.137

95% CI
(0.062-0.128)
(0.208-0.301)
(0.157-0.166)
(0.074-0.078)
(0.178-0.181)
(0.093-0.127)
(0.029-0.055)
{0.129-0.149)
(0.124-0_130)
(0.208-0.231)
(0.145-0.205)
{0.207-0.218)
(0.070-0.1486)
(0.134-0.168)
(0.120-0.153)
(0.117-0.139)
(0.063-0.088)
(0.018-0.093)
(0.070-0.123)
{0.171-0.24T)

(0.112-0.162)

Weight
4.8%
4.4%
2.2%
5.2%
5.2%
2.1%
5.1%
5.2%
5.2%
2.2%
4.8%
5.2%
4.6%
2.1%
9.1%
5.2%
5.1%
4.7%
4.9%
4. 7%

<> 100%

Achelrod, Am J Hypert 2014



PREVALENCE OF RESISTANT HYPERTENSION
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Cumuaive nodence

Prognosis of aTRH
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GUIDELINES

Clinical Management of Resistant Hypertension

Practical recommendations from the Italian Society of Hypertension (SITA)

Frant:-n \-e?ghu * Guidoe Grassi - Giuseppe Mancia - Published online: 15 August Ik
Massimo Volpe

Factors conribuiting to pseudo-resistant hypertension

Clinician-related factors Patient-related factors

* [nappropriate blood pressure measurement technique e White coat effect

» Treatment inadequacy e Drug related adverse events
o Inadequate doses ¢ Lack of motivation

o Suboptimal drug combinations * Poor communication skills

A P : - ; ; * Concomitant use of oral contraceptives
* Clinical inertia (failure to optimize or enhance antihypertensive P

therapy when needed) e Concomitant use of NSAIDS or sympathomimetic drugs

e Poor communication skills * Memory loss, psychiatric illness or cognitive impairment

; ; . o (elderly patients)
* Complex therapeutic regimens (particularly with simultaneous

presence of other drug regimens)

*» Cost of therapy (in some health care systems)

Other factors

* Obstructive sleep apnea

 Nephropathy or chronic kidney disease

* Primary or secondary hyperaldosteronism

» Severe atherosclerosis of arterial walls (elderly patients)

* Aortic valve sclerosis resulting in hemodynamically significant
regurgitation




Prevalence of pseudoresistant
hypertension phenotypes

Obstructive sleep apnea
Primary aldosteronism
Renal artery stenosis
Cushing syndrome

Other secondary
Metabolic syndrome
Undiagnosed diabetes
Excessive sodium ingestion

Depression

I | 72,1 %

-l
)

e ———————— 6,3, 7

I | 33,3%
[ | 36.5%

) 10 20 30 40 50 &0 f0 80
Fregquency (%)

Florczak, J Human Hyperten 2013



Measuring, Analyzing, and Managing Drug Adherence
In Resistant Hypertension

Decrease in adherence
=Th g due to discontinuation —
of treatment [noenpersistenca)
m =
% of patients engaged
with the dosing regimen
Decreass in adherence
70 - due to nonexecution
m —
2 of patients who
0 dosed (orrectly -
L _———
| Blaschke TF, ot al, 20312
 Annu. Bev. Pharmaced Toxicol. 52-F75- 301
I I 1
] 1640 200 J00

Time (days)

Bournier et al, Hypertension 2013



Not assessed

RADIOFREQUENCY RENAL DENERVATION

Characteristics of the included studies:
Adherence to antihypertensive therapy

Interview
heLangs diacy

elf assessment

Not ified Questionnaire
Ot spec |§Iasma drug level

Rabbia F, Veglio F, et al. 2015 in press



Potential cost-effectiveness of
therapeutic drug monitoring
In patients with resistant hypertension

(a)
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Chung et al, J Hypertens 2014



CORRESPONDENCE

Research
Comrespondence  ['herapeutic Drug Monitoring Facilitates @Cmm
Blood Pressure Control in Resistant Hypertension
mmeg $BP metg DBP
2001 1201
= 'Adherent, n =26
“=Nonadherent, n = 30
1801 % .. )
% Untested, n =127
100+
1601
1401
Eﬂ- 83 ..!‘|---IIIB{]
78 IRE
0 T 3
Visit p<0.01 Visit p<0.01
Group p<0.01 Group p<0.01
Time X Group p < 0.05 Time X Group p < 0.01
100+ - - 50 : : .
Baseline  First Second Baseline  First Second
Follow-up Follow-up Follow-up Follow-up

Brinker et al JACC 2014



Chromatographic Analysis
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Clinical Management of Resistant Hypertension

Practical recommendations from the Italian Society of Hypertension (SIIA)

Franco Veglio - Guido Grassi *+ Giuseppe Mancia -
Massimo Volpe Published online: 15 August 2013
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Fig. 1 Main pathophysiological mechanisms of ERH



CLINICAL STRATEGIES IN RESISTANT HYPERTENSION

ADD-ON THERAPY or

ON TOP THERAPY
APPROACH

3l GUIDELINES BASED

\4
EMPIRICAL
PHARMACOLOGICAL PATHOPHYSIOLOGICAL
APPROACH WORK-UP

BAROREFLEX ACTIVATION
v THERAPY (BAT)

INVASIVE APPROACH [ 4

CENTRAL ARTERIOVENOUS COUPLER (ROX)




Clinical Clues Helpful in Drug Selection

In the Management of Resistant Hypertension

Clinical and biochemical clues suggesting
the need for a more potent diuretic regimen

High sodium intake

Size of patient

Presence of edema

Low plasma renin activity

Blood urea nitrogen, creatining, and uric acid levels
unchanged by current diuretic

Chronic renal disease

Mann, The Journal of Clinical Hypertension, 2012



Clinical Clues Helpful in Drug Selection

In the Management of Resistant Hypertension

Clinical circumstances suggesting the
presence of neurogenic hypertension

Conditions associated with both blood pressure elevation and increased sympathetic tone
Acute stroke
Sleep apnea
Alcoholism

Paroxysmal hypertension

Clinical situations suggestive of neurogenic hypertension
Hypertension refractory to drug combinations that target sodium./volume and
the renin-angiotensin system
Absence of clinical and biochemical clues of volume excess
Labile or paroxysmal hypertension
Unexplained severe hypertension
Hypertension with sinus tachycardia

Psychological factors

Mann, The Journal of Clinical Hypertension, 2012



Simulated effect of underlying hypertension pathology
on response to different antihypertensive therapies.
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Preglomerular Resistance (+) - /%%%
Afferent Resistance (+) --

Proximal Sodium Reabs. Rate (+)

Systemic Vascular Resistance (+)

Distal Sodium Reabs. Rate (+)

Collecting Duct Sodium Reabs. Rate (+)

Glomerular Hydraulic Conductance (-)

Number of nephrons (-)

Renin Secretion Rate (+) -

Aldosterone Secretion Rate (+)

Renal Sympathetic Nerve Activity (+) % /V %7
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Hallow, Am J Physiol Regul Integr Comp Physiol 2014
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Mechanism-based algorithm for treating
Resistant hypertension

2 Drugs Regimen

Anti Volume + Anti RAS

Clinical clues of volume excess ! \ Clinical clues of neurogenic HTN

SIS M Option A: optimize diuretic Option B: treat neurogenic HTN

Add (or substitute) g or a +  Blockade

Step 2: Option A + Option B

Step 3: Add spironolactone or CCB ( if not yet prescribed)

Step 4: Add hydralazine or central a-agonist

Mann, J Clin Hypertens 2011



GUIDELINES

Management of hypertension: summary of NICE

guidance

Step 4 (Resistant hypertension)

* If clinic blood pressure remains higher than 140/90 mm
Hg after treatment with the optimal or best tolerated doses
of the drug combination mentioned in step 3 (an ACE
inhibitor or an-ARR-cambinad with a salameaahgnnel
blockerandad 3 DRUGS REGIMEN irtension,
and consider adding a fourth antithypertensive drug and/or
seeking expert advice. (Updated recommendation) [Based
on low quality observational evidence|

(Updated recommendation) [Based on low quality observational

evidence] a Blocker or |
o [f further d ension at
step 4 15 ng B Blocker hetfective,

consider an a blocker or p blocker. (Updated
recommendation) [Based on low quality observational
studies)|

* For treatment of resistant hypertension:

-Consider turther diuretic treatment with low dose
=.p]r0n0hct0ne (”5 mg once Lh]h] it the blood potassium

concern* e a— - ~cular
cautio SPIRONOLACTONE 25 mg perular
‘[—Tlltrat] T LA W Toy LLILJ TICL ¥ TITTOC T OISO T T IO k Ot-

]]}“I)t‘tlk"l]‘lﬁ'll]l a

-Consider higher dose thiazide-like diuretic treatment 1f
the blood potassium concentration 1s higher than 4.5
mmol/L.

[f blood pressure remains uncontrolled with the optimal or
maximum tolef SPECIALIST s, seek expert advice if
not yet obtaed. (Updated recommendation) [Based on the
experience and opinion of the GDG|

Guideline Development Group, BMJ, 2011



Molecular structure of ARAs
(Facultative Diuretics)

Canrenone

Drospirenone

Kolkhof, Molecular and Cellular Endocrinology, 2012



PATHWAY-2

-

-

+
SPIRONOLACTONE )
25mg S0mg
17 R ——  — 12
-H\, Part 1 Part 2
Screening J
~350 patients; BF not controlled despite
treatment with recommended and/or maximum - - \
tolerated doses of triple therapy with BISOPROLOL 12 week ( DOXAZOSIN '
ACEI/ARB/direct renin inhibitor (A)+ CCB (C) + omE treatment cycles Ame 8mg
; ; : {forced d
Diuretic [any except spironolactone) (D) Smg titration at“:'-::'m et .
wk 1 & 12 Part 1 Part 2
_,/I Part 1 Part 2 )
Single blind ~
placebo run-in r— PLACEBO
(4 weeks) T
Wk 1 & 1z
Part 1 Part 2
Randomisation J

I l
Open Label Amiloride
10mg o.d. (increasing to 20mg o.d. as required)
Observational follow-up until study is completed for all

patients and unblinding reveals the best treatment for
individual patients

Williams, BMJ 2015




PATHWAY -2

Home blood pressure (mm Hg)

Systolic

Diastolic

p<0-0001

Baseline
(n-314)

Placebo
(n-274)

Spironolactone Doxazosin I Bisoprolol
25-50 mg 4-8 mg 5-10 mg
(n=285) (n=282) (n=285)

Williams, Lancet 2015




UNUSUAL

COMBINATION THERAPIES



JNC-7 Algorithm for the
treatment of resistant hypertension

Insure therapy meets
JMNC-T criteria For
compalling indications

1

Uncontrol led b lood Correct identifiable causes if
pressure on 3 or more present; consider work-up of
antihypertens ives secondary cond itions
Consider ambulatory
blood pressure T
manitoring if available
to rule out “white-coat"™
phe nonmenon L Mo

Add low-dose diuretic
(chlorthalidomne 12.5 mog
preferred; titrate to

Thiazide-type
diuretic present?

25 mgdd)
-
* Fute-eval; uate
= i ot already part of O ptimize combination as
regimen, consider B for follows - -\L
addition if pulse =84 Mor BT+ C +D
¥ bfood prassouns i _EL::CICI-.‘_‘I' NN SR
A=AaCE) or AREB rammains wnoontnofed ramains unconrofed
5 = Beita Blocker -
= OO B (long-acting) + spironolactone (12.5 mgl/d to 25 mgdd)
D= Dyuretic
I

H blood pressuns memaEins unedconidradbed, adiusl neginmesn 5 imciuedes:

ACEl +
ARB o

= -
centrally-acting
(2.g. clonidinea)

2 CCBs
(different types)

al prha-bloc ker or
combined
alpha/beta blocker

L]

+ wasodilator (&.q9.
hydralazina)

Trewet, Southern Medical Journal, 2008



Additional Options

for the Treatment of Resistant Hypertension

Combined a- and p-blocker (carvedilol, labetalol)

or B-blocker (non—-a-blocking) +a-blocker

Aldosterone antagonist

Non-DHP CCB + DHP CCB

Vasodilator -Minoxidil (with a B-blocker + loop diuretic)

Centrally acting agent

Adams, Postgraduate Medicine, 2012



JNC-7 Algorithm for the

treatment of resistant hypertension

Consider ambulatory
blood pressure
monitoring if available
to rule ocut “white-coat™
phe normenon

Insure therapy meats
SJMNC-T criteria for
compelling indications

-

Uncontral led b lood
pressure om 3 or meore

Correct identifiable causes if
present; consider work-up of

antihypertensives secondary cond itions
L o Add low-dose diuretic
Thiazide -ty pe (chlorthalidone 12.5 mg
diuretic present? preferred; titrate to
25 mgid)

= i not already pad
FEegErTRe I, Consider

2 CCBs :

addion if puwse =4
=]
= A CEf or AREB - l
ta Blocker
= (i I l
. l l l
ACED + 2 CCBs al pha-blocker or centrally-acting
ARB ol (different types) o combined Chr™ (e.g. clonidine)

alpha'beta blocker

P— i i

+ wvasod ilator (e.g.
hydralazine)

Trewet, Southern Medical Journal, 2008



Effects of L-type and combined L-/T-type Ca2
channel blockers in large and microvessels.

DHP-CCB

L- type Ca®*
channel blockers

L-/T- type Ca®*
channel blockers

1 o<1

Large vessels

LCCLCC LCCLCC
LCCLCCLCCLCC

LCCLCC LCCLCC
TCC TCC TCC TCC TCC TCC

Microvessels

N 7

Undesired
vasc. effect
glomerular

hypertension

vasc. edema

TCC TCC TCC TCC
TCC TCC TCC TCC

Tcc Tce Tecc Tce | Non-DHP-CCB
LOC LOC LOC LOC Lo LOC

Reduced Ca?* entry,

cell proliferation &
vascular contractility

v

!

Renoprotection
edema remowval
undesired
effect — drug
interaction?

Blood pressure control

Ge,Hypertension 2009



Comparison of Nifedipine Alone

and With Diltiazem or Verapamil in Hypertension

mean supine SBP (mmHg) >

o

mean supine DBP (mmHg)

1860
155 4
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135 4

130

105+

2
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— & — NIF/DIL
-« O - - MIEWVER

time post-dose (hr)

Saseen, Hypertension,1996



Nifedipine (NIF) Cp versus time

after steady-state oral dosing of study medication

100 :

B D @
o o o

mean NIF concentration (ng/ml)
S

—%—NIF

— @ — NIF/DIL
I - - O - -NIF/VER
N L -
~—
S

s CYP3A4

Flo
eyl

A

o

lllllllllllllllllllllllll

time post-dose (hr)

Saseen,
Hypertension, 1996



Long-Term Effectiveness of Extended-Release Nitrate for
the Treatment of Resistant Systolic Hypertension

Editorial Commentary

Subjects (n=16)

1704
160+

O 1504
D 150

m

£ 140+

—_ — — —

=] —= L] (7]

=] = o o
| | | []

Ambulatory blood pressure
s 8 3 8 8

B
L}

Nitrates as Adjunct Hypertensive Treatment
A Possible Answer to Resistant Systolic Hypertension

Systolic

EH%WH% Lf'LSH-H

v Sequence A

----- Sequence B

Diastolic

Stokes, Curr Opinion Hypertension, 2010



Combination of Organic Nitrate
and Phosphodiesterase Type 5 Inhibitor in
Treatment-Resistant Hypertension

Subjects (n=6)

Brachial systolic BP

20 -

Change in BP (mmHg)
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Oliver, Hypertension, 2010



The Future

Drug Preclinical stage Phase 1-3 Pharmaceutical industry
Dualvasopeptidase inhibitor
Dual neprilysin-ACE inhibitor llepatril (AVE7688) Phase 3 Sanofi-Aventis
Dual neprilysin-ECE inhibitor Daglutril (SLV306) Phase 2 Solvay Pharmaceuticals
Dual ARNI LCZ 696 Phase Mowvartis Pharmaceuticals
Aldosterane-synthase inhibitor LCI699 Phase 2* Mowvartis Pharmaceuticals
Endothelin antagonist Bosentan Phase 2 Actelion Pharmaceuticals
Darusentan Phase 3* Gilead Sciences
Nitric oxide donor
Nitric oxide-releasing drugs Nitrosyl-cobinamide Yes
Nitrix oxide-releasing hybrids Mitric oxide-losartan Yes Cayman Chemicals
Mitric oxide-telmisartan Yes Cayman Chemicals
CINOD Maproxcinod Phase 3 MicOx
Renin-prorenin blocker Yes
ACE-2 activator Yes
Aminopeptidase-A inhibitor QGCoo1 Yes Quantum GenomicsCorp
Vaccine
Angiotensin 1 vaccine PMD3117 Phase 2 Protherics Inc
Angiotensin 2 vaccine Cyt006-AngQb Phase 2 Cytos Biotechnology AG
Dual ATIR/ETA antagonist PS-433540 Phase 2 Ligand Pharmaceuticals
Novel dual ARB and partial PPAR-y agonist Yes
AGE breaker Alagebrium (ALT-711) Phase 27 Synvista Therapeutics

We have only listed molecules described in the text. ACE=angiotensin-| converting enzy me. ARNI=dual-acting angiotensin receptor-neprilysin inhibitor.
CINOD =cyclo-oxygenase-inhibiting nitric-oxide donator. ARB=angiotensin-receptor blocker. PPAR-y=peroxisome proliferator-activated receptor-y. AGE=advanced glycation

end-product. *Development stopped.

Laurent S, Lancet 2012



INVASIVE APPROACH

TO RESISTANT HYPERTENSION

BAROREFLEX ACTIVATION THERAPY (BAT)

(Scheffers, ] Am Coll Cardiol 2010), available since 2009

RENAL DENERVATION (RDN)

(Krum, Lancet 2010)

Central arteriovenous coupler (ROX)
(Lobo, Lancet 2015)
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