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Mechanisms of acute Blood Pressure adaptations

Maximum feedback gain at optimal pressure == =Renal salt and
/" « water regulation

Acute change in pressure at time 0 I/
L 4

S
"= ==CNS ischemic response

. s AldOSterone
stress relaxation
Capillary fluid shift

. = == mmChemoreceptors

>~

Renin-angiotensin

| e e mmmv@SOCONSTriCtiON

A - : Baroreceptors
1 2 —_—
18 OOtime after sudden

minutes change in pressure




BIMM118

i
1

} . '--'JE'
N

AN 7
H'!"pD“'IEHI'I'IUE'—K'I%g_‘-’ -*-T;dig_
— 2 Nucleus Tractus Solitarius

.\‘\\'.

Baroreceptor '
Feedback

Vagal Nerve
Beta-Adrenergic
SNS

1+ Catecholamines
: Corticostercids

Alpha-Adrenergic SNS
Bela-Adrenergic SNS

Blood Vessel Wall

Figure 1.2. Major physiological systems involved in the regulation of blood pres-
sure (dotred arrows represent local blood cell autoregulation; solid arrows repre-
sent neural inHuences; dashed arrows represent neurcendocrine influences;
SNS = sympathetic nervous system).



History of HTA treatment (Chobanian NEJM 2009)

Table 1. Advances in the Treatment of Hypertension.

Decade and Therapy
1940s
Potassium thiocyanate

Kempner diet

Lumbodorsal sympathectonm
1950=s
Rauwolfia serpenting

Ganglionic blockers
Veratrum alkaloids
Hydralazine
Guanethidine
Thiazide diuretics
19&60s
ay-Adrenergic—receptor agonists
Spironoclactone
B-Adrenergic—receptor agonists
1970s
a,-Adrenergic—receptor antagonists «—
Angictensin-converting—enzyme inhibitors
19E80s
Calcium antagonists
1990s
Angictensin-receptor blockers
Endothelin-receptor antagonists™
2000=

Fenin inhibitors
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Traditional pharmacological therapies

RAS inhibitors and Beta-receptor blockers slightly decrease
central sympathetic outflow

Diuretics and CCBI stimulate central sympathetic outflow

Stimulation alpha 2 or imidazoline receptors within the central
nervous system decreases central sympathetic activity:
clonidine and moxonidine are used but frequent central side-
effects are noted




Common clinical measures of whole-body SNSA

Determination of venous plasma or urinary concentrations of NE

Isotope dilution methodology (determination of NE spillover of
iIndividual organs) : regional patterns (central , cardiac, renal)

Spectral analysis of spontaneous oscillations in heart rate or BP

Microneurography technique (efferent postganglionic SNSA to
the skeletal or skin)
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The sympathetic nervous system in hypertension
Giuseppe Mancia

Journal of Hypertension 1997, 15:1553-1565

_ . Table 1 Resting values of mean arterial pressure (MAF) and
£ ' s s muscle sympathetic nerve activity (MSNA) in age-matched
£ — normotensives, moderate and severe essential hypertensives
b and in secondary hypertensives
2 80 = ——
g —g— Modlerate Savera
2 = Marmi- essantial assantial Secondary
2 tensives  hypertensives  hypertensives  hypertensives
5 - (n=15] n=14] (n=14) (=13
=
0 - - - =8 MAP [mmHg) 0984 +26 10721177 1161 £45" 1178+ 44"
MAP (mmHg) MSNA (bursts/
Figure 2. Progressive increase in muscle sympathetic nerve 100 |'IEIEI.I't
activity in normotensive control subjects {open square), tIE!EltS] 40534+33 RRE+ 41 ES2+ 41T 405+ 6.7

mild-to-moderate (shaded square) and more severa assential

hypertensive patients (filled square)

Abbreviations: MAF meaan arterial prassure; and MEMA, muscla VEJUES arg EI.‘-':FIFEISSEId as means :|: SEM "p{: D ':'1
sympathetic nerve activity. Data are shown as means = 5.6.m. ANOVA, ) B
*P = 0.07 between groups. Data from Grassi et al (19983}
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Gender-Selective Interaction Between Aging, Blood Pressure, and Sympathetic

Nerve Activity

Krzysztof Narkiewicz, Bradley G. Phillips, Masahiko Kato, Dagmara Herning, Leszek

Biemaszewsk: and Virend K. Somers
toncion 2003:43-522-523- orisinally published online Mar 14 2
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Figure 1. M3MNA ard maan artarial pressure (MAP) per decade
and male and fermales subjects. Two-way ANOVA revealad that
age influenced both MSNA (P<0.0001) and MAP (P=0.00%),
Gandar had no significant effact on MBMNA (FP=0.52) or MaP
(P=0.50) Gaender and age had an interactive effect on MSMNA
(P=0.01), but not on MAP (P=0.50) In subjects aged 20 1o 20,
MENA was lower in females than males (P=0.01 by pair-wisa
comparzon with the use of Scheffé test).




Pathophysiology of Resistant Hypertension:
The Role of Sympathetic Nervous System

International Journal of Hypertension
Volume 2011, Article ID 642416, 7 pages
doi:10.4061 /20117642416

Costas Tsioufis, Athanasios Kordalis, DYimitris Flessas, loannis Anastasopoules,
Iimitris Tsiachris, Vasilios Papademetrioun, and Christodoulos Stefanadis

International Journal of Hypertension
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Fioure 1: A proposed pathophysiologic pathway for the activation
of SMS and the development of RH. Obesity, OSA and aldosterone
excess are covering a great area of the mosaic of the phenotype
of RH and are correlated with increased SMS activity, via multiple
mechanisms. 'ALDO: Aldosterone excess, O5A: Obstructive sleep
apnea, ' BAAS: Renin-Angiotensin-Aldosterone System activation,
RH: Resistant hypertension, 'SNS: Sympathetic nervous system
by peractivity.



Benefits from Treatment and Control of Patients with
Resistant Hypertension

Michael Doumas,' Vasilios Papademetriou,’ Stella Douma,* Charles Faselis,'
Konstantinos Tsioufis,”? Eugene Gkaliagkousi,’ Konstantinos Petidis,’
and Chrysanthos Zamboulis®

International Journal of Hypertension
Volume 2011, Article ID 318549, 8 pages
doi:10.4061/2011/318549
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Figure |: Five-vear mortality rates (%) in untreated patients with
malignant hypertension and Grade 11 or IV retinopathy compared
to similar patients that underwent sympathectomy (modihed from
Keith et al. | 25] and Peet et al. [26]).
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R. H. Smithwick and ]. E. Thompson, “Splanchnicectomy for
essential hypertension; results in 1,266 cases,” Journal of the
American Medical Association, vol. 152, no. 16, pp. 1501-1504,
1953.
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Complications of sympathetic activation in HTA

Tachycardia \

Cardiac elecirical
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Figure 4. Schematic drawing of the
adverse cardiovascular and metabolic
aeffedts of sympathetic activation in
hypertension

Abbreviations. VDD, laft vantricular
diastalic dysfunction; LVH, left ventricular
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Figure 3. Behavicur of muscle (MSNA) and skin sympathetic nerve activity (SSNA) in healthy subjects

and in patients with hypertension (HT), obesity (OB}, congestive heart failure (CHF), metabolic syndrome
(MS) or renal failure (RF)
Data are shown as means + 564, ANOVA *P = 0,05, **F = 0,001 betwaen gradps.
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Renal Nerves and the SNS

Afferent Renal Sympathetics

The kidney is a source of central
sympathetic drive in hypertension, heart
failure, chronic kidney disease, and ESRD

Efferent Sympathetic Activation

AHR N
A Contractility

VRBF/GFR 57
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Patients cannot develop
and /or maintain elevated BP
without renal involvement
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Importance of SNSA in CKD patients
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J Am Soc Neghrol 15: 524-537, 2004 130+ .
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Figure 2. Baroreflex sensitivity assessed by changes in MSNA during 5 BKD HT BKRD NT Controls

acute pharmacologic variation of BP. In comparison with healthy
subjects (squares), patients with CRF (circles) show a lugher resting
sympathetic activity and a curve shift to a hugher BP level. However,
baroreflex sensitivity 1s unchanged, because in the operating range
(the area surrounding the baseline position; closed symbols). any
change in BP causes comparable changes in MSNA in both groups.

Figure 3. MSNA and mean arterial pressure (MAP) 1n patients with
polycystic kidney disease (PKD) and healthy control subjects. MSNA
15 elevated only in the hypertensive (HT) patients, and not i the
normotensive (NT) patients. The patients have early PED, and GFR 1s
still normal Reorinted from reference 23 with permission.



Early Sympathetic Activation in the Initial Clinical Stages of Chronic Renal

Guido Grassi. Fosca Quarti-Trevano. Gino Seravalle, Francesca Arenare, Marco
Volpe. Silvia Furniani, Raffaella Dell'Oro and Giuseppe Mancia
Hypertension published online Feb 7. 2011:

Table 1. Demographic, Anthropometric, Biochemical,
Hemwodlynamic, Echocardiegraphic, Neurohumoral, and
Microneursgraphic Characteristics of Control Patients anl
Patients With Renal Failure

Control Patients Renal Failure
Variable in=31} Patierts in=42)
Sex, menSwamen 28/3 3210
Age, v SE.E+x1.3 G0.7+1.8
EMI, kgim? 26106 272206
Waist circumference, cm HAx=1.8 04.5+1.0

Waisthip ratio 093002 0.96+0.02
Estimated glormerukar g5.2+24

filtration rate,

mLfmin per 1.73 m#
Hemoglabin, g/dL 14.0=0.0 13.89+1.3

850 Hypertension April 2011

Table 2. Subgroups of Patients According to Estimated
Glomerular Filtration Rate (Modification of Diet in Renal
Disease Ouartiles)

Sphyagmomanometric
BP, 50, mm Hg

Heart rate, bpm
Plasma ME, pg'mL
LVEDD, mm

LWMI, o/'m*

LVEF, %
Proteinuria, 9/24 h
MENA, bursts per
minute

MSMNA, bursts per
100 heartbeats

1423 £24/77.71.8

G9.1x1.3
2503+21.3
50.9+1.0

1114x24
61.3+=1.0
0.04=+0.01
31.5+14

45720

14362573214

40.5+05
M74x1.8
50.6+0.5

GO.0x21F

Diata are shown as mean=5EM unless otherwize indicated. EMI indicates
body mass index; 5, systolic; O, diastolic; NE, norepinephrine.
* P0G refers to the statistical significance beteean renal failure patients

and controks,

TP=20.001 refers to the statistical significance betwesn renal failure patients

and controks.

Estimated Glomerular Fittration
Rate, mL/min per 1.73 m®

Quartile Subjects n Mean+=5EM Range

I 18 54+16 10675
I 17 67617 74-55
I 18 475+12 54-H

20 418 4047




Early Sympathetic Activation in the Initial Clinical Stages of Chronic Renal
F ailure
Guido Grassi, Fosca Quarti- Trevano. Gino Seravalle, Francesca Arenare. Marco
Volpe. Silvia Funanmi. Raffaella Dell'Oro and Giuseppe Mancia
Hypertension published online Feb 7. 2011:

Table 2. Subgroups of Patients According to Estimated
Glomerular Filtration Rate (Modification of Diet in Renal
Disease Quartiles)

Estimated Glomerular Fitration
Rate, mL/min per 1.73 m?

Subjects (n) Mean +3EM Range
18 05416 106-T5
17 67617 T4-55
18 47512 244
20 418 4047
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Figure 2. MENA expressad as burst incidance over time (bursts per minute, left) or as burst incidence corected for heart rate (bursts
per 100 heartbeats, right) in the subjects of the study grouped according to quartiles of estimated glomerular filtration rate. Asterisks
(*P=0.05) refer to the statistical significance betwean quartiles. Data are shown as mean=SEM.
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Beta blockers in the management of chronic
kidney disease
GL Bakris", P Hart®™ and E Ritz"

The sympathetic nervous system modulates renal function
through its receptors namely f, (cardiac output and renin
release), 2, (systemic and renovascular constriction), and f;

renovascular dilation. Sympathetic overactivity is commonly
seen in chronic kidney disease (CKD) and is an important
0.8- contributor to increasing the risk of cardiovascular events
L as well as increasing renal disease progression. Recent
— 0.6 bos Carvedilol
g |
- ——
5 -
“ 0.4 “-"i-.  Placebo
e
0.2+
Log-rank: 8.58; P<0.005 It is apparent that greater use of this drug class for blood
00 pressure control would further enhance reduction of risk of
- T
10 15 20 25

heart failure, the most common cause of death in the first
year of starting dialysis,

Time after inclusion (r?‘mntha]

Figure 1|Kaplan-Meier curve for all-cause mortality during 24
month follow-up in hemodialysis patients with wrdium#ppﬂthy
according to the use of carvedilol. Used with permission.™

©
—
-
=
=
m



Sympathetic nerve
activity

Maan artarial
prassires

faan artarial prassure {mmHg)
o
i
Sympathetic nerve actvty burstamin

' 10
Base Short-t2rm Long-term
line ACE inhibition ACE inhibition

Changes n maan artenal pressura and muscle sympathetic nerve
actvity dunng an mtravenous mfusion of anslaprlat and duning long
tarm trestmant with enalapnlinm mne patents wath chromo renal fadora,
Tha maan artanal pressure was decrassad by both long-term trestmant
with enalapnl [ P < 0.001 ) and short-tarm infusion of analapaiat

[P =0.007 ). Muscls sympathetic narve actvity was decreased by
long-term trastmeant wath enalapal (F << 00001} and incressed by a
shart-tarm infusion of enalapnist (P = 0.0056). Values are means = SE.
ACE danotaes angictansin comearting anzymsa. (From Ligtanbarg et al
[B 0] wath parmession. Copynght 051888 Massachusetts Medical
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Sympathetic hyperactivity in haemodialysis patients is
reduced by short daily haemodialysis

Oliver Zilch*®, Pieter F. Vos™", P. Liam Oey®, Maarten-Jan M. Cramer®,
Gerry Ligtenberg”, Hein A. Koomans® and Peter ). Blankestijn”

Table 1 Dialysis, neurchumoml, and hasmodynamic parameters in
11 patients during conventional haemodialy sis and at 6§ manths

after conversion to short daily haeamodialysis

Table 2 Ambulant interdialytic blood pressure data (during 2 days)
in 11 patients during conventicnal haemodialysis and at 6 months

CHD SOHD after conversion to short daily haemodialysis

Plasma urea pre-dalys s (rmemoldd) 28 6+ 80 257 4+ 6" CHDO

Flasma urea post-dalysis fnmodi) 123430 148 + 417

Single-ponl KU uresn per wealk 36104 46+ 12" ) .

Diry weght $ug) B7 611009 BED L 116 Day 1 Day 2 SOHD

Ulrafitration wolurne per dialysis () 24410 1.54 06"

Uirafitraton wolurme pe week (1) FOLR0 BB+ 36" MAP dumal {mmHg) 111L12 111+12 104 413

ECPV [milfkg) S804 55 B61L51 MAP nocturmal (mmHg) 102411 102412 g0+13*

FRA (frmolll por seoomnd)® 280 (115-1527F) B10O{177—1 ?.'35] Day-night difarance (%) A7+ 66 TB+5E 155 1+6.4"

MSNA (burstafmin) s8L18 2ELI1S SBP dumal (mmHg) 148417 148118 141421

Heart rate (beats/min) 51+ 18 FEL1T SBP noctumal {mmHg) 138+ 15 136+ 189 127 +19*

Sroke volurme Frl) 581+ 16 B2 L 12 ) . - "

Cardiac output (Vrnin) 4B 1.0 A TFL 0D Diay—night dfferance (%) Bitd5 f0td2 HELdB
*

Mean arteral pressure {remHg) 113+ 11 a8+ a* DEP dumd [mmHg) B118 BOL10 85110

Total parpheral ressliance 25 _4 4+ E.d o1 9 4 5 o* DBP nociumal (mmHg) g2te gata 70418

{rremHgfrrn per 1) Diay-night diference (%) BELALY fd4tp2 15.7 £ 7.4*

CHD, Comentional hasrmodialysis; ECPY, exdraceliular flusd wolurmes il lean
boddy mass]; S WA, s e sy rpafeetie neursl actv ity FRA, plasrma renin activity;
S0OHD, short daly haermosdialpss " Medan and 25-75% inenguartie moge.
F Heart rate average over 24 h ¥ P 005

CHD, Convantional hasmodaysis; DBP, dasiolc blood pressure; MAP, mean
arferial pragsure; SBP, sysiol: blood pressure: SDHD, short dally hasmodalyss.
*P<0.05 compared with CHD.
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Sympathetic hyperactivity in haemodialysis patients is
reduced by short daily haemodialysis

Oliver Zilch*®, Pieter F. Vos™", P. Liam Oey®, Maarten-Jan M. Cramer®,
Gerry Ligtenberg”, Hein A. Koomans® and Peter ). Blankestijn”

Table 3 Neurchumorl and haemodynamic parameters in seven
patients dunng conventional haemodialysis, at 6 months after
conversion to short daily haesmodialysis, and at 2 months after
switching back to conventional haesmodialysis

CHD S0OHD CHD

Dry weght (ka)
ECFV (mlka)
MSHA bustsimn)

GO0+ 136 TIE+14 714+ 146
A76L 44 SBT L AT AT6 L 55
32419 24 + 11" 33+ 18™

Mean areral pressure (mmbg) 115+ 11 a8+ 10" 106 18

Cardiac output (Wrmin)
Totd perpheral regstance
{rrm Hey /i par ()

48+13 4.7+12 44 +08
24 B+ 508 #.1+39% 2484155

CHD, Conventional hasmodalysis: ECPY, exvacelidar flusd volurme (milfkg bsan

body mass); MSNA, muscle sympathetc neurd actwty, SDHD, short daly
hasnodalss  *P< 005 compared with CHD: ** P< 005 compared wih

SDHO

Conclusion The study shows that sympathetic
hyperactivity in haemodialysis patients is reduced by
increasing the frequency of treatment sessions. This is
probably because of the decrease in number or magnitude
of the fluid fluctuations. J Hyperfens 25:1285-1289 © 2007




In-Center Hemodialysis Six Times per Week
versus Three TEITIES per 1&?&&]( M Engl | Med 201036 3: 2257300,

The FHN Trial Group™

A Death or Change in LV Mass

"=-q='.: Hazard ratio, 061 (95% CI, 0.46-0.82)
P00l

Frequent
hermadialysis

Carventional
hemodialysis

Patients with Better Qutcome [25)

[y

. T j T T
0 =50 -100 -150
Survival [mo) Change in LV Mass among Sumvivors |g)

C Main Secondary Clutcomes
Cutcome Effect Measurs Estimated Standardized Effects (95% CI)

LV mass M ean decrease i —a—
Physical-health compasite score Kean increase T —e—
Beck Depression |ventory score Mean decrease H—.—|
Predialysis alburnin Flean increase —e—
Predialysis phospharus M ean decrease E —a—
E5S4 dose Mean decrease inlog

Predialysis spstolic blood pressure Mean decrease

Trail Making Test Part B Megative log relative risk

Dieath or hospitalization unrelated Megative log hazard ratic
tovascular acoess

T T
-1.0 0.5 0.0 0.5

Standard-Deviation Units

Canventional Better Frequent Better
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Renal Sympathetic Nerves as
Therapeutic Target

e Arise from T10-L1

e Follow the renal artery to the kidney
e Primarily lie within the adventitia

Vessel - .
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cohort study

Haorst Sievert, Suku Thambar, William T Abraham, Muray Esler

Catheter-based renal sympathetic denervation for resistant
hypertension: a multicentre safety and proof-of-principle

Henry Krum, Markus Schlaich, RobWhitbourn, Paul & Sobotka, Jerzy Sadowski, Kizysztof Bartus, Boguslow Kapelak, Anthony Walton,

www thelancet.com Vol 373 April 11, 2009

All patients Patients undergoing  Patients not eligible
{M=E0) procedure (N=45)  for procedure (N=5)
Age years) &7 (3) CE(9) C1(8)
Sex (female) 21(42%) 20i44%) 1 (20r%)
Ethnic origin (non-white) 2(4%) 2(4%) 0
Type 2 diabetes mellitus 16 (32%) 14(31%) 2 (40%)
CAD 11 (22%) 1002 2%) 1i207%)
Hyperlipidaemia 34 (68%) 20(64%) C (100rs)
elGFR {mL/ min/173 m*) 831(22) 81i23) 9 (15)
Heart rate (bpm) 73011 72011 7909
Blood pressure (mmHg) raooaa1d) L7 (20/15) 17398 (8/9)
Mumber of antihypertension drugs 47 (14 47 (L5} 46 (0
ACEor ARB 47 (94%) 43096%) 4(80%)
B blocker 39 (78w) 34(76%) C (100m6)
Calcium-channel blocker 367 2%) 31{69%) C (100m6)
Vasodilator 8 (16%) 8(18%) 0%
Diuretic 46 (92%) 43(96%) 3(60%)

Dhata are rmean (500 or numbss (%), ACE=angictensin-oererting enzyme inhibitor, ARB=angictensin I receptor
blocker, bpmebeats per minute, C& Decomnary artery disease, eGF Raestimated glomerular filkation rate,
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Table: Baseline patient characteristics




Results: Blood Pressure Reduction

OSystolic
ODiastolic

-27

Mean
Change in
Blood
Pressure
(mmHg)

Presented with
95% Confidence
Intervals * P<0.001 879 had et |
** P=0.02 o Ndd a4 reguction
in SBP 2 10 mmHg

1month 3 months 6 months 9months 12 months
(n=41) (n=39) (n=26) (n=20) {n=9)

BIMM118



Results: Procedure

e Procedure Time

— Median 38 minutes

— Interquartile range: 34-48 min
e Renal denervation effectiveness

— Mean renal noradrenaline spillover (N=10) decrease
was 47% (95% CI: 28-65%; p=0.0003)

e Ablation accompanied by pain
— Managed by intravenous narcotics and/or sedatives
— Pain did not persist beyond the RF energy application

BIMM118
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Results: Vascular Safety

e Treatment delivered without complication in 96% (43/45)

— 1 renal artery dissection during catheter delivery (before RF
energy application), stented without further sequelae

— 1 femoral pseudoaneurysm, manually reduced without further
sequelae

e No long-term vascular complications observed
— 18 patients with angiograms 14-30 day follow-up angiograms
— 14 patients with 6-month MRA




Results: Subset with ABPM

e 12 patients had paired ABPM at baseline & >30 days
post bilateral treatment

e Change in office SBP correlated with change in systolic
ABPM (r¢=0.62, p=0.002)

e 67% were either non-dippers or reverse-dippers at
baseline, whereas 33% remained non-dippers or
reverse-dippers after the intervention




Results: Medication Changes

e Mean of 4.7 £ 1.5 anti-hypertensives at
baseline, which was unchanged at the latest
follow-up visit (p=NS)

e 3 patients required reduction of medications
after normalization of BP




Results: Renal Safety

e Paired baseline & 6-month eGFR (MDRD) dat
available on 25 patients:
— Baseline eGFR was 79 £ 21 mL/min/1.73m?2
— 6-month follow-up eGFR was 83 + 25 mL/min/1.73m?2

— 6 had an improvement in eGFR of > 20%

— 1 had a reduction of eGFR of > 20%
e Associated with substantial decrease BP and addition of ARB and HCTZ
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Renal sympathetic denervation in patients with

treatment-resistant hypertension (The Symplicity
HTN-2Trial): a randomised controlled trial Lancet 2010; 376:1203-09

Symplicity HTN-2 Investigators™

Renal denervation growp  Control group
{M=52) (n=54)

Baszline systolic blood pressure (mm Hi) 178 (18 178 (16)

Baseling diastolic blood pressure {mm Hyg) a7 (16) 28 (17)
Age (years) g8 (12) gl (12)
S (fernale) 18 (35%) 27 (50%)
Race (white) 51 (28%) 52 (36%)
Baody- mass index (kg'm?) 31 (5) 31 (5)

Type 2 diabetes 21 {40%) 15 (28%)
Coronary artery diseasz 10(19%) 4 (7%
Hypercholesterolaemia 27 (52%) 28 (52%)

eGFR* (milL/min per173 me) 77{19) 96 (20)

eiGFR* 4560 ml/minper1.73 m? 11 (21%) B {11%)

Serum creatinine {pmol/L) a1(25) 7818
Lrine albumin-to-creatinine ratio {mgig i 128 (363) 103 (254
Cystatin C (mig/L)t 0.9 (2] 08 (02
Heart rat {bpm} 75(15) 71(15)
Mumber of antibypertension medications 52115} 53 (1.8)
Patients on hypertension medication for more than Syears 37 (71%) 42 (FE%)

Fatients on five or more medications 35 (67%) 31 (57%)
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Renal sympathetic denervation in patients with

treatment-resistant hypertension (The Symplicity | ancet 2010 76 160309
HTN-2Trial): a randomised controlled trial _ R

Symplicity HTN-2 Investigators™

[ Eenaldensrsation g roup
B Cortrol group
(M=l o)

pwalue fior all betareen-qroup
COMTIPErisons -« 0-00il

(=24, 47%)

Ml 308G

(=18 35%)

(n=5, 1)

Mo decrease in SBP =13 mm Hg decrease in SEP I SBP <140 mm Hg at & manths

Figure 3: Proportion of patients inthe renal denervation and control groups that at & months had no

decrease in systolic blocd presswre, a 10 mm Hg orgreater decrease in SBP, or achieved a SEP of less than
140 mm Hy

SEP=systolic blood pressure.

Renal denervaticn group Control group Difference in mean change (35%C)  pvalue

Fatients (n)  Mean chamge iSD)  Patients (n)  Mean change (S0)

eGFR* (mb/minper173m® 49 02 (11} £l 0-9112) -07 (-L-4 0 3.9) 076
Serum creatinine (pmaol/L) 49 02 (17-6) | =11 {10:3) 1.3 -4 Eta70) 067
Cystatin Cirma/L) e 01002} 40 000 0000t 01) 0.31

eaFR= estimated ghomen lar filtraticen rate. "Caloslated onthe basis of Modification of Diet in Renal Disease Study criteria™

BIMM118

Table 2 Baseling, change from baseline to & months, and difference in change in measured concentrations of eGFR, serum creatining, and cystatin € for
renal denervaticn and contrel groups




Resistant Hypertension Treatment through Carotid
Baroreceptor Stimulation

APJOC 2o10; coo(ooo). Month 2010
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Electrical Carotid Baroreceptor Stimulation in Resistant Hypertension
Giuseppe Mancia, Gianfranco Parati and Alberto Zanchett:
Hypertension 2010:55;607-609; oniginally published online Jan 25, 2010;
DOI: 101161/ HYPERTENSIONAHA 109147306

608 Hypertension March 2010

MAP

Sl

1 ! =100 | | 1 | | 1 1 1 1 1 T 1
120 160 80 90 100 110 120 130 140 80 90 100 110 120 130 140
CTP (mmHg) MAP (mmHg) MAF (mmHg)

o 2MH @ 3H

Figura. Left, Progressive reductions and increasas in mean arterial pressura (MAP; intra-arterial measurameants) in responsa to progras-
sive increases and reductions in carotid transmural pressure (CTP) obtained via a neck chamber device. The central and right panels
show the reductions and increases in muscle sympathetic nerve activity (IMSNA) and heart rate (HR) in response to increases and
reductions in MAP obtained via infusion of phenylephring and nitroprussiate. Data refer to mean regression line or mean values (=5E)
from normotensive subjects (N), moderate essential hypertensive subjects (MH), and severs essential hypertensive subjects (SH). Data
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Figure &. Rapresentation of Rheos systam (CV Ry of carotid sinus stimulation.
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Carotid Baroreceptor Stimulation, Sympathetic Activity,
Baroreflex Function, and Blood Pressure in
Hypertensive Patients

Karsten Heusser, Jens Tank, Stefan Engeli, André Diedrich, Jan Menne, Siegfried Eckert, Tim Peters,
Fred C.G.J. Sweep. Hermann Haller, Andreas M. Pichlmaier, Friedrich C. Luft, Jens Jordan

Table 3. Individual Changes in Hemodynamic Variables

AMSNA

Kentification Bursts Bursts per 100 107% au
o, ASBP, mm Hp ADBP, mm Hyg AHR, bpm PEr min Heartbeats au/min per Burst® stimulation, V

i -12 -5 -1 -8 +0.8 —0.37 -4.8 25
2 o -4 -3 +3.0 +5.8 +0.58 6.66 a0
3 +7 +2 -1 +1.8 +34 +0.08 262 6.0

+1 -1 -1 —6.6 -0.2 —0.26 1.83 a0
— B8 -32 -13 -1 +5.0 -0.12 -2.40 40

o =

i -22 -16 —4 -2.2 +0.6 +0.58 11.23 6.0
i -4 -4 0 -4 —6.8 —0.29 -2.58 7.0
8 -7 -15 — -10.5 -11.2 —0.87 —16.80 45
g -5 -33 -10 -85 -1 —0.50 -1.94 70

=]

-0 +1.0 +2.0 0.00 -0.58 7.0
-35 -14 -14 6.0
-108 -45 +1 —-165 -28.1 —1.56 -18.2 5.0
SBP indicates systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; au, arbtrary unit; ..., no data.
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Carotid Baroreceptor Stimulation, Sympathetic Activity,
Baroreflex Function, and Blood Pressure in
Hypertensive Patients

Karsten Heusser, Jens Tank, Stefan Engeli, André Diedrich, Jan Menne, Siegfried Eckert, Tim Peters,
Fred C.G.J. Sweep. Hermann Haller, Andreas M. Pichlmaier, Friedrich C. Luft, Jens Jordan

renin concentration decreased 20+8% (P<20.05). Electric field stimulation of carotid sinus baroreflex afferents acutely

decreased arterial blood pressure in hypertensive patients, without negative effects on physiological baroreflex regulation. The
depressor response was mediated through sympathetic inhibition. (Hyperfension. 2010;55:619-626.)

22 Hypertension March 2010

Figure 2. Response repeatability: systolic, mean,
and diastolic arterial blood pressure (ABP) and ral-
ative total M3NA over time in patient 12, Each
time the stimulator was switched on, AEP and
MSHA decreasad acutaly and remainad sup-
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ik prassed throughout the stimulation period.
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Causes of increased afferent
signaling from the kidney to central

integrative structures
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Therapeutic strategies for targeting excessive central
sympathetic activation in human hypertension

ames P. Fisher! and Paul

Figure 2. A schematic representation of
the current therapeutic strategies and
targets for reducing excessive central
sympatheatic nerve activity in
hypertension

The sympathetic nervous system constitutes
an important putative drug target in
Fypertension. &s noted in the main text of
this review, traditional pharmnacalogical
approachas for the managerment of
essential hypertension appear ineffactive in
reducing central sympathatic autflowe. This
schiematic diagram depicts several nowvel and
pramising therapeutic strategies for
targeting neurcoenic hiypartension in the
future, SHA, sympathetic nenve activity.
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