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Abstract

Chronic electric activation of the carotid baroreflex produces sustained reductions in sympathetic 

activity and arterial pressure and is currently being evaluated for therapy in patients with resistant 

hypertension. However, patients with significant impairment of renal function have been largely 

excluded from clinical trials. Thus, there is little information on blood pressure and renal 

responses to baroreflex activation in subjects with advanced chronic kidney disease, which is 

common in resistant hypertension. Changes in arterial pressure and glomerular filtration rate were 

determined in 5 dogs after combined unilateral nephrectomy and surgical excision of the poles of 

the remaining kidney to produce ~ a 70% reduction in renal mass. After control measurements, 

sodium intake was increased from ~45 to 450 mol/day. While maintained on high salt, animals 

experienced increases in mean arterial pressure from 102±4 to 121±6 mmHg and GFR from 40±2 

to 45±2 mL/min. During 7 days of baroreflex activation the hypertension induced by high salt was 

abolished (103±6 mmHg) along with striking suppression of plasma norepinephrine concentration 

from 139±21 to 81±9 pg/mL, but despite pronounced blood pressure lowering there were no 

significant changes in GFR (43±2mL/min). All variables returned to pre-stimulation values during 

a recovery period. These findings indicate that after appreciable nephron loss, chronic suppression 

of central sympathetic outflow by baroreflex activation abolishes hypertension induced by high 

salt intake. The sustained antihypertensive effects of baroreflex activation occur without 

significantly compromising glomerular filtration rate in remnant nephrons.
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Introduction

Despite pharmacological interventions, blood pressure control in patients with resistant 

hypertension (RHT) remains inadequate.1,2 To address this therapeutic need, recent 

technology using chronic electrical activation of the carotid baroreflex (BA) and renal nerve 

ablation have been investigated for the treatment of RHT.2–8 Clinical results from these 

technologies, however, have been inconsistent with some of this inconsistency likely due to 

the fact that conditions predictive of a favorable antihypertensive response to these device-

based therapies are not fully understood. One area where data are particularly limited is the 

effect of renal function on the blood pressure response to these forms of global and renal-

specific sympathoinhibition seen with BA and renal nerve ablation, respectively. This is due 

in large part to the fact that despite the prevalence of chronic kidney disease (CKD) in 

patients with RHT,1,9–14 most clinical trials using device-based therapy have been limited to 

patients with little or no impairment in kidney function.6–8 These patients have been 

excluded from clinical trials for fear of worsening renal injury due to reductions in renal 

perfusion pressure and/or theoretical safety concerns regarding damage to the renal artery in 

the case of renal nerve ablation. The paucity of data from these patients may be especially 

significant because the presence of CKD is not only often associated with RHT but is also a 

strong predictor of RHT and is a risk marker for adverse cardiovascular and renal 

outcomes.1,9–14 Although optimal blood pressure control is likely critical in reducing the 

development and progression of renal disease in patients with RHT, it remains unclear 

whether device-based therapies can effectively lower arterial pressure without further 

exacerbating renal injury in patients with RHT and coexistent CKD.

Remnant kidney models have been used to investigate the pathogenic mechanisms that 

contribute to the progression of CKD and hypertension.15–21 In the dog, surgical reduction 

of kidney mass leads to minimal hypertension and renal injury in surviving nephrons during 

the initial weeks after reducing renal mass as long as sodium intake is normal.20,21 However, 

during high salt intake (HS), hypertension is clearly manifested. Although not specifically 

evaluated for resistance to pharmacological treatment of hypertension, this experimental 

model shares several characteristics present in many patients with RHT including reduced 

total GFR, volume expansion, suppression of the renin-angiotensin system, excessive salt 

intake and arterial pressure that is salt-sensitive.1,2,22 At the same time, this model is devoid 

of the confounding conditions, including obesity, sleep apnea, and hypersecretion of 

aldosterone, that contribute in variable degrees to the pathogenesis of RHT. Thus, a potential 

advantage of this model is that it provides an untainted understanding of the fundamental 

impact of reduced baseline renal function on blood pressure lowering and the attendant 

changes in renal function during device-based therapies that suppress sympathetic activity.

The major goals of this study were to determine the arterial pressure and GFR responses to 

BA in canines with hypertension secondary to surgical reduction of kidney mass and HS. 

High baseline levels of sympathetic activity, which are common in both RHT and CKD,23–27 

would be expected to favor a robust fall in blood pressure in response to BA-induced 

sympathoinhibition. However, it is unclear whether this consideration is relevant to the 

present study as sympathetic activity has not been reported previously in the canine model of 

reduced kidney mass-salt-induced hypertension. Nonetheless, because BA chronically 
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suppresses central sympathetic outflow and lowers arterial pressure in normotensive dogs 

and in hypertensive dogs with low, normal, and high baseline levels of sympathetic 

activity,28–33 it is reasonable to hypothesize that BA will also suppress sympathetic activity 

in this model of CKD and, as a result, attenuate the severity of the salt-sensitive 

hypertension. On the other hand, despite suppression of sympathetic activity, blood pressure 

lowering could be appreciably diminished in the face of the substantially impaired renal 

function associated with loss of functioning nephrons. The basis of this concern is that 

because renal autoregulation is impaired in patients with hypertension and renal 

insufficiency,34 and more specifically to the present study in remnant nephrons after 

reduction of renal mass in experimental animals,17,18 excessive reductions in glomerular 

pressure and GFR, in response to blood pressure lowering, may promote salt and water 

retention and thus counteract any sustained antihypertensive effects of BA. To this point, we 

have previously reported that along with normalizing arterial pressure, BA markedly reduces 

the glomerular hyperfiltration in hypertensive obese dogs.31 Although total GFR is elevated 

in obese dogs and depressed after surgical reduction of renal mass, single nephron filtration 

rate is elevated under both conditions. Therefore, because of a blunted ability of the 

preglomerular vasculature to dilate further in response to a fall in arterial pressure (impaired 

renal autoregulation), GFR may also decrease substantially during BA in dogs after loss of 

nephrons. Thus, a final goal of this study was to determine whether blood pressure lowering 

during BA leads to further, possibly excessive, reductions in GFR in dogs with reduced renal 

mass and hyperfiltering remnant nephrons.

Methods

Animal Preparation

All procedures were performed in accordance with National Institutes of Health (NIH) 

Guidelines and approved by the Institutional Animal Care and Use Committee. Surgical 

procedures were conducted under isoflurane anesthesia (1.5–2.0%) after pre-medication 

with acepromazine (0.15 mg/kg, sq) and induction with thiopental (10mg/kg, sq). Carprofen 

(Rimadyl), 4mg/kg, was administered for 3 days postoperatively for analgesia. The specific 

surgical procedures for implantation of catheters in the aorta and vena cava, and stimulating 

electrodes (first-generation, Rheos) around each carotid sinus have been described 

previously.28 More specific information on the surgical procedures, including establishing 

reduced renal mass, are described in the online-only Data Supplement. General methods for 

maintenance and experimentation are also described in the on-line Data Supplement. 

Experiments were conducted in 5 male dogs weighing 21–27 kg.

Experimental Protocol

During the last 2 days of the normal salt intake (NS) control period and on the last 2 days of 

each protocol (see below), blood samples (~10 ml) were taken from one of the two arterial 

catheters at 11 AM prior to feeding. In addition, a single determination of GFR was made at 

end of each protocol. Arterial pressure and heart rate were sampled continuously, 24-

hours/day from an arterial catheter.28 The daily values for mean arterial pressure (MAP) and 

heart rate were averaged for the 20-hour period between 11:30 AM and 7:30 AM. As 

detailed in the on-line Data Supplement, NS (~45 mmol/day) and HS (~450 mmol/day) were 

Hildebrandt et al. Page 3

Hypertension. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



achieved by feeding the dogs a low sodium diet and by adjusting the continuous infusion 

rate of isotonic saline.

Summary of Protocols

1. NS control

2. Days 1–7, HS

3. Days 8–14, HS + BA

4. Days 15–21, HS

5. Days 22–23, NS recovery

Analytical Methods

The plasma levels of hormones and norepinephrine (NE) were measured by 

radioimmunoassay and high-performance liquid chromatography with electrochemical 

detection, respectively, in the Departmental Core facility.29 Standard techniques were used 

to measure hematocrit and the plasma concentrations of sodium, potassium, and protein.28,29 

GFR and sodium iothalamate space (an index of extracellular fluid volume) were determined 

from the clearance of 125I-iothalamate (Glofil, Isotex Diagnostics, Friendwood, TX).33

Statistical Analyses

Results are expressed as mean ± SE. One-way, repeated-measures ANOVA followed by 

either the Dunnett or Bonferroni post hoc t-tests for multiple comparisons were used to 

compare responses to appropriate controls during HS, HS+BA, and NS recovery. Two way 

ANOVA followed by Sidak’s multiple comparison test was used to assess the interaction 

between kidney mass and salt intake in the steady-state relationships between arterial 

pressure and sodium intake/excretion in dogs under control conditions37 and after reduced 

kidney mass. Statistical significance was considered to be P<0.05.

Results

Responses to High Salt in Dogs with Reduced Kidney Mass

In the present study, MAP (NS control=102±4 mmHg) increased 19±3 mmHg during HS. 

This increase in MAP is illustrated by the chronic salt-loading renal function curves in 

Figure 1, which show the steady-state relationships between salt intake/excretion and arterial 

pressure under different experimental conditions.35,36 Responses to HS in control dogs with 

intact kidneys are taken from one our recent studies in which dogs were fed NS and HS diets 

under experimental conditions comparable to those in the present investigation.37 This figure 

clearly shows the salt-sensitivity of arterial pressure in dogs with reduced nephron number 

as the increase in MAP in response to HS (19±3 mmHg) was significantly greater than in 

dogs with intact kidneys (9±2 mmHg; P<0.05 by two way ANOVA). The increase in MAP 

during HS in the present study was not associated with a statistically significant change in 

heart rate (NS control=77±5 bpm). On NS, sodium and potassium excretion were 46±1 and 

49±2 mmol/day, respectively, reflecting daily intake. During the initial day of HS, there was 

considerable sodium retention (200±8 mmol) before sodium balance was achieved on 
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subsequent days (day 7, HS= 427±7 mmol/day; Figure 2). There were no significant changes 

in potassium excretion (day 7, HS=51±1 mmol/day) during HS.

The table summarizes several of the values determined from the blood samples. In parallel 

with the net retention of sodium, there was ~ a 6% increase in extracellular fluid volume 

(from 6502±280 to 6884±293 mL) on day 7 of HS, whereas PRA fell to undetectable levels. 

There were no other hormonal changes. Similarly, during HS there were no significant day 7 

changes in plasma concentrations of potassium, protein, sodium (NS control=148±1 

mmol/L; data not shown) or hematocrit.

Figure 3 illustrates the changes in GFR and plasma NE concentration in this study. During 

NS GFR was 39.6±1.7 mL/min or ~ 60% of the value we have reported in dogs with normal 

kidneys of comparable body weight.33 This indicates considerable adaptive hyperfiltration 

during the postoperative period in remnant nephrons following the 70% surgical reduction in 

renal mass. Notwithstanding this compensatory hyperfiltration in remnant nephrons, there 

was still a further increase (~ 13% ) in GFR during HS. There were no significant changes in 

plasma NE concentration during HS.

Responses to BA in Dogs with Reduced Kidney Mass, Salt-Induced Hypertension

Remarkably, during the first day of BA MAP decreased 18±4 mmHg to NS control levels 

and remained at this level for the duration of the 7days of BA (Figure 2). That is, BA 

completely abolished the salt-induced hypertension (Figure 1). In addition to this 

pronounced antihypertensive response, there was appreciable bradycardia during BA (Figure 

2). Both MAP and heart rate returned to pre-activation levels during the 4 day recovery 

period from BA. During the initial fall in MAP on day 1 of BA, there was modest sodium 

retention (55±13 mmol) before sodium balance was restored on subsequent days (Figure 2). 

Most of the sodium retained during BA was excreted during the subsequent 4 day recovery 

period. There was minimal potassium retention on day 1 of BA (~ 6 mmol/day) and an equal 

net increase in potassium excretion on day 1 of the HS-BA recovery period. Otherwise, there 

were no other significant changes in potassium excretion during BA.

Concomitant with the modest retention of sodium on day 1, there tended to be a further 

small increase in extracellular fluid volume during BA, but this did not achieve statistical 

significance (Table). However, the modest sodium and fluid retention that occurred during 

BA did lead to statistically significant lower levels of plasma protein concentration and 

hematocrit when compared to NS but not to HS values. During the 4 day recovery period 

from BA all values presented in the Table were comparable to HS levels before BA. In 

addition, there were no further significant changes in hormone levels during BA.

Most notably, the pronounced antihypertensive response to BA occurred in parallel with 

marked suppression of plasma NE concentration to below control (Figure 3). Furthermore, 

plasma NE concentration returned to pre-activation levels along with MAP after cessation of 

BA. Despite blood pressure lowering and abolition of salt-induced hypertension, there was 

no significant change in GFR from HS levels during BA.

Hildebrandt et al. Page 5

Hypertension. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Recovery from High Salt Intake

When salt intake was returned to normal levels, much of the retained sodium (120± 12 

mmol) was excreted on day 1 of the NS recovery period before daily sodium balance was 

achieved on subsequent days. During the 6 day NS recovery period, MAP decreased 

gradually to normotensive levels. On the 6th and last day of the NS recovery period, MAP 

and heart rate were 101±3 mmHg and 81 bpm, respectively. Similarly, there were no 

significant differences in any measured variable when comparing day 6 NS recovery and 

initial NS values (Table and Figures 2 and 3).

Discussion

The sympathetic nervous system is activated in many patients with RHT and CKD,23–27 and 

CKD is common in RHT.1,9–14 Despite the likely benefit from suppression of sympathetic 

activity in patients with RHT and coexistent CKD, these subjects have been largely excluded 

from clinical trials of device-based therapies using BA and renal nerve ablation to provide 

global and renal-specific sympathoinhibition. Thus, along with our previous observations in 

dogs with obesity and aldosterone-induced hypertension,31,33 the current findings provide 

greater insight into the conditions often present in RHT that likely impact the 

antihypertensive and renal responses to global sympathoinhibition by BA. Most importantly, 

the present study in dogs with reduced renal mass and HS shows that BA chronically 

suppresses sympathetic activity and abolishes the salt-induced hypertension without further 

impairing GFR. Thus, the BA-mediated responses appear favorable for hypertension therapy 

in patients with RHT and co-existent kidney disease.

Increased sympathetic activity is commonly associated with both RHT and CKD23–27 and is 

thought to increase arterial pressure chronically by impairing renal excretory function.38–39 

This sympathetically-mediated impairment of renal excretory function is normally achieved 

by promoting sodium reabsorption directly and indirectly through stimulation of the renin-

angiotensin-aldosterone system.38,39 In this regard, our previous studies during suppression 

of sympathetic activity by BA have emphasized the importance of neurally-mediated 

inhibition of renin secretion in counteracting pressure-dependent renin release and 

permitting chronic lowering of arterial pressure.38 However, as the renin-angiotensin system 

is suppressed during HS, we reasoned that attenuation of the direct effects of neurally-

mediated tubular sodium reabsorption may be sufficient to reduce arterial pressure during 

baroreflex-induced sympathoinhibition.

Acute reductions in arterial pressure during inhibition of sympathetic activity are achieved 

by decreasing vascular resistance and cardiac output and increasing vascular capacitance. In 

the present study, the acute fall in arterial pressure in response to these hemodynamic events 

likely accounted for the modest sodium retention on day 1 of BA, which compared 

quantitatively to the initial sodium excretory response to BA in normotensive 

dogs.28–30,32,33 However, the subsequent unabated fall in arterial pressure to control levels 

throughout the 7 days of BA, with the maintenance of sodium balance, indicates persistent 

effects of BA to increase renal excretory function. Had BA not had powerful sustained 

effects to promote sodium excretion, initial reductions in arterial pressure would have been 

markedly diminished,35,38,39 such as when the natriuretic effects of BA are opposed by 
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inappropriately high plasma levels of either ANG II or aldosterone during chronic infusion 

of these potent antinatriuretic hormones.29,33,38 Thus, an important finding in this study was 

that BA abolished the salt-sensitive hypertension associated with a marked reduction in 

functional nephrons. This response occurred concurrently with a striking fall in plasma NE 

concentration to below control levels, consistent with previous observations that the chronic 

antihypertensive response to BA is associated with marked suppression of central 

sympathetic outflow.30

Given that arterial pressure is usually not adequately controlled in patients with hypertension 

and CKD or in patients with RHT and the many reports showing that sympathetic 

hyperactivity is often an associated finding in these conditions,24–27 the intensity of 

sympathetic suppression during antihypertensive therapy may be of paramount importance 

in reducing the severity of hypertension and the attendant cardiovascular risk and 

progression of renal dysfunction in patients with RHT and coexistent CKD. To this point, 

while lowering of sympathetic activity may occur to some extent with combination drug 

treatment that includes inhibitors of the renin-angiotensin system, complete elimination of 

heightened sympathetic activity often does not occur in patients with primary hypertension 

or CKD.24,25,40,41 In fact, some antihypertensive drugs commonly used in the treatment of 

RHT, such the dihydropyridine calcium channel blocker amlodipine and the thiazide diuretic 

hydrochlorothiazide, may stimulate sympathetic activity, a response that would be expected 

to partially counteract their blood pressure lowering effect.32,40,41 In contrast, experimental 

studies in dogs show that the lowering of arterial pressure during chronic BA is associated 

with powerful sustained effects to suppress central sympathetic outflow, regardless of 

baseline levels of sympathetic activity.28–33 Furthermore, when used in combination with 

antihypertensive drugs such as amlodipine that increase sympathetic activity, BA lowers 

arterial pressure further while completely counteracting the drug-induced sympathetic 

activation.32 Thus, based on its ability to suppress sympathetic activity and chronically lower 

arterial pressure in several experimental models of hypertension,29,31,33,38 including the 

reduced renal mass model of salt-induced hypertension reported in the present study, BA 

may provide a unique approach for therapy in patients with RHT and coexisting CKD.

Another major goal of this study was to determine the changes in GFR in response to BA in 

dogs with substantial loss of nephrons and salt-induced hypertension. We hypothesized that 

there may be further, possibly excessive, reductions in GFR associated with BA-induced 

reductions in arterial pressure. This concern was based on reports that renal autoregulation is 

impaired in patients with primary hypertension and CKD34 as well as in animals with 

reduced renal mass17,18 and our previous observations in obese dogs with hyperfiltering 

nephrons.31 In obese dogs, BA not only abolished sympathetically-driven increases in renin 

secretion and arterial pressure, but the attendant sympathoinhibition also markedly 

diminished the elevated rate of sodium reabsorption and the pronounced glomerular 

hyperfiltration (35% above control) associated with weight gain.31

Since the normal steady-state GFR autoregulatory response to reduced arterial pressure is 

dependent on both tubuloglomerular feedback (TGF) mediated vasodilation of 

preglomerular vessels and ANG II mediated constriction of efferent arterioles, we have 

previously suggested that the diminished hyperfiltration in obese dogs during BA-mediated 
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sympathoinhibition might be attributed to the reduced effects of ANG II on the efferent 

arterioles as well as TGF-mediated constriction of afferent arterioles evoked by increases in 

sodium chloride delivery to the macula densa.31 However, we surmised that this mechanism 

may be less likely to reduce GFR in the hyperfiltering remnant nephrons in the present study 

because HS decreases the responsiveness of TGF,42,43 thus permitting a compensatory 

increase in GFR, as reflected by the increase in GFR during HS in the present study. 

Therefore, inhibition of neurally-mediated sodium reabsorption by BA may not further 

increase the TGF signal sufficiently to lead to constriction of the afferent arteriole in 

remnant nephrons exposed to HS. Regardless, given reports that HS blunts TGF and that 

renal autoregulation is impaired in remnant nephrons, an important finding in this study was 

that significant reductions in GFR did not occur in remnant nephrons exposed to HS during 

BA despite pronounced suppression of sympathetic activity and abolition of the salt-induced 

hypertension.

But are these findings relevant to the heterogeneous population of patients with RHT in 

whom multiple disease processes and target organ damage contribute to treatment 

resistance? At the present time, there are preliminary clinical findings that do support the 

clinical relevance of the current findings and suggest that BA may have efficacy for blood 

pressure reduction and preservation of renal function in patients with RHT.

As noted above, despite the frequent association of CKD with RHT and the likely 

contribution of progressive renal damage to therapy resistance, few clinical studies have 

explored the renal responses to BA and the impact of more advanced CKD on blood 

pressure lowering during BA. In most cases, only patients with either normal or mildly 

reduced kidney function have been included in clinical trials. In an early feasibility trial in 

22 patients with RHT, Scheffers et al. reported a small increase in serum creatinine 

concentration along with a reduction in systolic blood pressure of 30 mmHg after 1 year of 

continuous BA.44 In the phase III randomized Rheos Pivotal Trial in 322 subjects with RHT, 

most with little or no reduction in kidney function (stage 1 and 2 CKD), Alnima et al. 

reported a mild, nonprogressive decrease in eGFR during 12 months of BA therapy that 

reduced systolic blood pressure ~ 25 mmHg.8 Of relevance to the current study, there was no 

significant fall in eGFR during BA in the few subjects (27) with more advanced, moderately 

reduced kidney function (stage 3 CKD). Consistent with the findings in this small cohort, a 

recent prospective trial in 23 patients with RHT and more advanced CKD (stage ≥3) found 

that eGFR was unchanged after 6 months of BA that lowered systolic blood pressure ~ 17 

mmHg.45 In contrast, in subjects with CKD refusing BA, eGFR decreased significantly 

during a 6 months follow up period. Furthermore, in the subjects given BA therapy, there 

was a significant decline in albuminuria, a response that was correlated with the reduction in 

arterial pressure. Taken together, these preliminary findings during chronic BA in patients 

with long standing hypertension and variable comorbidities, along with the more acute 

observations in the homogenous model of impaired renal function in the present study, 

suggest that BA may provide long-term renal stability and protection by virtue its ability to 

chronically suppress central sympathetic outflow and lower intraglomerular pressure by 

achieving optimal blood pressure control.
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Technical Considerations

Despite the solid findings and the potential clinical relevance of this proof-of-concept study, 

there is a technical issue that may impact future trials using carotid sinus stimulation for 

hypertension therapy in patients with RHT and co-existent renal disease. The first-

generation system used in the present study consisting of tripolar electrodes implanted 

bilaterally (Rheos system) is no longer available for either experimental or clinical 

investigation. As cogently discussed,4 patients currently receive only unilateral carotid sinus 

implants with an electrode of a different design (Barostim Neo). While recent findings using 

this second-generation system in patients with RHT do show blood pressure reductions with 

minimal or no side effects,46–48 unlike its predecessor, the Barostim Neo electrode system 

has only been tested in uncontrolled clinical trials.4–5 Notably, a recent acute study in 

patients employing 2 min periods of unilateral carotid sinus activation suggested that the 

new electrode design may diminish efficacy and tolerability.49 However, this has not been 

our experience when using the Barostim Neo system during chronic bilateral carotid sinus 

activation in canines.33,50 Randomized controlled trials are needed to thoroughly evaluate 

whether the Barostim Neo electrode system may have clinical utility in managing RHT.

Perspectives

Treatment of patients with resistant hypertension whose blood pressure is not adequately 

controlled by the recommended three-drug regimen is challenging. Nonetheless, adding 

spironolactone to their antihypertensive medication has had favorable results in a significant 

number of subjects. However, the use of spironolactone is limited in some patients by 

adverse effects, including worsening renal function and hyperkalemia, particularly in 

subjects with advanced kidney disease, which is common in resistant hypertension. While 

device-based therapy may be a treatment option in these patients, the safety and efficacy of 

BA and renal nerve ablation in patients with RHT and CKD are unclear as these subjects 

have been largely excluded from clinical trials. To this end, the current study shows that 

through its ability to chronically suppress sympathetic activity, BA abolishes the salt-

sensitive hypertension associated with loss of functioning nephrons, a response critical in 

reducing the progression of renal function. Furthermore, during BA there are no serious 

reductions in GFR, despite pronounced blood pressure lowering. Thus, these findings are 

consistent with the preliminary clinical findings discussed above showing sustained blood 

pressure lowering and nephroprotection during BA in patients with CKD and RHT 

exhibiting multiple disease processes and multiple forms of renal parenchymal disease. 

Nonetheless, controlled prospective trials with stratification of baseline GFR on blood 

pressure and renal responses to BA are needed to determine whether adding BA to 

ineffective antihypertensive regimens may be a viable treatment option in patients with RHT 

and CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What is new?

• We found in a canine model of CKD produced by surgical reduction of 

kidney mass that chronic BA has sustained effects to suppresses 

sympathetic activity and abolish salt-sensitive hypertension.

• During BA there is little or no change in GFR despite pronounced 

lowering of arterial pressure.

What is relevant?

• Blood pressure is not adequately controlled in patients with RHT and 

coexistent CKD, and the hypertension is exacerbated by the prevalence 

of HS.

• Sympathetic activity is commonly increased in both patients with RHT 

and CKD.

• CKD is a present in many patients with RHT, but patients with 

significant impairment in renal function have been largely excluded 

from clinical trials using device-based therapies that lower arterial 

pressure by reducing sympathetic activity.

Summary

• By achieving optimal blood pressure control, the findings in this study 

support the possibility that global suppression of sympathetic activity 

by BA may have clinical benefit in the treatment of patients with RHT 

and coexistent CKD.

Hildebrandt et al. Page 13

Hypertension. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Steady-state relationships between arterial pressure and sodium intake/excretion in dogs 

under control conditions37 and after reduced kidney mass. In addition, this figure shows that 

BA abolishes blood pressure salt sensitivity in dogs with reduced kidney mass. *P<0.05 for 

interaction between kidney mass and sodium intake/excretion.
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Figure 2. 
Mean arterial pressure, heart rate, and sodium excretory responses to baroreflex activation 

(BA) in dogs with reduced kidney mass and high salt intake. *P<0.05 versus high salt.
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Figure 3. 
Changes in plasma norepinephrine concentration and glomerular filtration rate in dogs with 

reduced kidney mass in response to high salt intake with and without baroreflex activation 

(BA). *P<0.05 versus control; †.P<0.05 versus high salt.
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