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Electrical Stimulation of Carotid Sinus Nerves in the SixtiesElectrical Stimulation of Carotid Sinus Nerves in the Sixties

Severe hypertension (vascular resistance Severe hypertension (vascular resistance ))

Refractory angina pectorisRefractory angina pectoris
-- BradycardiaBradycardia
-- 

 

Preload (venodilatation)Preload (venodilatation)
-- 

 

Afterload (arteriodilatation)Afterload (arteriodilatation)
-- 

 

Myocardial contractilityMyocardial contractility
-- 

 

Cardiac OCardiac O22 consumptionconsumption
-- 

 

Coronary blood flow?Coronary blood flow?

Effects vanished after weeksEffects vanished after weeks

Local disturbances from current spread to nearby tissuesLocal disturbances from current spread to nearby tissues
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Reasons for Failure of Early Use of Carotid Baroreceptor StimulaReasons for Failure of Early Use of Carotid Baroreceptor Stimulationtion
in Hypertensionin Hypertension

Effects typically shortEffects typically short--lastinglasting

Opposition of aortic / cardiac mechano (baro) receptorsOpposition of aortic / cardiac mechano (baro) receptors

Opposition by simultaneous carotid chemoreceptor stimulationOpposition by simultaneous carotid chemoreceptor stimulation

Failure to increase stimulation parameters because of side effecFailure to increase stimulation parameters because of side effectsts

In hypertensionIn hypertension
-- Baroreceptor activation already maximalBaroreceptor activation already maximal
-- Baroreflex impairedBaroreflex impaired
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Bristow et al., Circulation 1969Bristow et al., Circulation 1969

Slope of Linear Regression between Systolic Pressure induced by Slope of Linear Regression between Systolic Pressure induced by Angiotensin Angiotensin 
and Lengthening of Rand Lengthening of R--R IntervalR Interval
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Slope = 27.3Slope = 27.3

Slope = 1.6Slope = 1.6



Gribbin R. et al., Circ Res 1971Gribbin R. et al., Circ Res 19711765 Z1765 Z

1010 2020 3030 4040 5050 6060 7070 Age  (y)Age  (y)
00

11

22
Baroreflex  sensitivity  (log  slope)Baroreflex  sensitivity  (log  slope)

Normotensive r = 0.739, p < 0.001
Hypertensive r = 0.621, p < 0.001
Normotensive Normotensive r = 0.739, p < 0.001r = 0.739, p < 0.001
Hypertensive Hypertensive r = 0.621, p < 0.001r = 0.621, p < 0.001



Ludbrook, Mancia, Ferrari and Zanchetti, Clin Sci Mol Biol 1977;Ludbrook, Mancia, Ferrari and Zanchetti, Clin Sci Mol Biol 1977; 53: 16553: 165--1711711766 Z1766 Z



Hemodynamic Responses to Activation of the Carotid BaroreceptorsHemodynamic Responses to Activation of the Carotid Baroreceptors by Application of Negative by Application of Negative 
((--35 35 ±± 1 mmHg) or Positive (+33 1 mmHg) or Positive (+33 ±± 1 mmHg) Pressures within a neck Chamber in 27 Subjects 1 mmHg) Pressures within a neck Chamber in 27 Subjects 

Mancia G. et al. Am J Cardiol 1979; 44: 895Mancia G. et al. Am J Cardiol 1979; 44: 895--902, Mancia G and Mark A, Handbook of Physiology 1983, Vol 3, Pa902, Mancia G and Mark A, Handbook of Physiology 1983, Vol 3, Part 2, 755rt 2, 755--793 793 1767 Z1767 Z
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MAP (i.a. measurements) Responses to Carotid Baroreceptor DeactiMAP (i.a. measurements) Responses to Carotid Baroreceptor Deactivation vation 
and Stimulation in Normotension and Hypertensionand Stimulation in Normotension and Hypertension

Mancia et al., Circ Res 1979; 43: 170Mancia et al., Circ Res 1979; 43: 170--1771771768 Z1768 Z
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Increases in PIncreases in P--P Interval induced by Distending the Carotid SinusesP Interval induced by Distending the Carotid Sinuses
through Application of 0.6through Application of 0.6--S Negative Pressures within a Neck ChamberS Negative Pressures within a Neck Chamber

Eckberg et al.,  Circulation 1979Eckberg et al.,  Circulation 1979
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Schematic Drawing of the StimulusSchematic Drawing of the Stimulus--response Curves Relating Arterial BP and response Curves Relating Arterial BP and 
Carotid Baroreceptor Firing at Different BPs and the ConcomitantCarotid Baroreceptor Firing at Different BPs and the Concomitant Migration of the Reflex SetMigration of the Reflex Set--pointpoint

Mancia, Ferrari, Ludbrook and Zanchetti, In Arterial BaroreceptoMancia, Ferrari, Ludbrook and Zanchetti, In Arterial Baroreceptor and Hypertension, P Sleight (Ed) 1980, 484r and Hypertension, P Sleight (Ed) 1980, 484--491491
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Differential Baroreflex Control of Cardiovascular TargetsDifferential Baroreflex Control of Cardiovascular Targets

Arterial baroreflex control of BP and HR in Arterial baroreflex control of BP and HR in 
HypertensionHypertension

Impaired baroreflex control of HRImpaired baroreflex control of HR

Preserved (with resetting) baroreflex control of BP Preserved (with resetting) baroreflex control of BP 
and MSNAand MSNA
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Sympathetic and Baroreflex Cardiovascular ControlSympathetic and Baroreflex Cardiovascular Control
in Hypertensionin Hypertension--related Left Ventricular Dysfunctionrelated Left Ventricular Dysfunction

Grassi G et al., Hypertension 2009; 53: 205Grassi G et al., Hypertension 2009; 53: 2051772 Z1772 Z
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Grassi et al Hypertens.1998; J Hypertens 2000; Hypertens 2000; HGrassi et al Hypertens.1998; J Hypertens 2000; Hypertens 2000; Hypertens 2005ypertens 20051773 Z1773 Z

Sympathetic Activity (Sympathetic Activity (PeronealPeroneal Nerve) in Different Clinical ConditionsNerve) in Different Clinical Conditions
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Difficulties in Antagonizing Sympathetic Hyperactivity with DrugDifficulties in Antagonizing Sympathetic Hyperactivity with Drugss

Peripheral BlockadePeripheral Blockade
Ganglion blockers: indiscriminate blockade of sympathetic and Ganglion blockers: indiscriminate blockade of sympathetic and 
parasympathetic activity ; parasympathetic activity ; ileusileus, impotence, orthostatic hypotension, impotence, orthostatic hypotension
Blockers of Blockers of postpost--ganglionic ganglionic neuron endings: failure to ejaculate, neuron endings: failure to ejaculate, 
orthostatic hypotensionorthostatic hypotension
AlphaAlpha--adrenergic receptor blockers: orthostatic hypotensionadrenergic receptor blockers: orthostatic hypotension

Modulation of Central ControlModulation of Central Control
ReserpineReserpine, methyldopa, , methyldopa, clonidineclonidine: difficulty to dissociate blood : difficulty to dissociate blood 
pressure lowering from other centrally induced phenomena pressure lowering from other centrally induced phenomena 
(sleepiness, dry mouth, depression)(sleepiness, dry mouth, depression)

1775 Z1775 Z



AfferentsAfferents EfferentsEfferentsCNSCNS

SympatheticSympathetic
EfferentsEfferents

ParasympatheticParasympathetic
EfferentsEfferents

ArterialArterial
BaroreceptorsBaroreceptors
ChemoreceptorsChemoreceptors

Cardiac ReceptorsCardiac Receptors
MechanosensitiveMechanosensitive
ChemosensitiveChemosensitive

Lung, GILung, GI
ReceptorsReceptors

NTSNTS

AChACh

NENE

HEARTHEART
RATERATE

VASCULARVASCULAR
RESISTANCERESISTANCE

NENE

1774 Z1774 Z



The First Generation CVRx The First Generation CVRx RheosRheos®® SystemSystem

Implantable
Pulse Generator

Baroreflex
Activation Leads

Programming
System

Baroreflex Activation TherapyBaroreflex Activation Therapy
•• Established Mechanism of ActionEstablished Mechanism of Action
•• Targeted and specificTargeted and specific
•• Personalized and programmablePersonalized and programmable
•• Guarantees complianceGuarantees compliance

Proprietary and Confidential Information of CVRx, Inc.Proprietary and Confidential Information of CVRx, Inc.

Worldwide Experience: Worldwide Experience: 
400+ patients, >5 yrs400+ patients, >5 yrs
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