
Neue und bewährte 
Therapieoptionen bei 
resistenter Hypertonie
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Get it out of your heads, 
if possible, that the high 
pressure is the primary 
feature, and particularly 

the feature to treat

Sir William Osler 1912
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Figure 2: Survival rates in patients with malignant hypertension
at various stages (Group 1–4) treated either medically or surgically
(modified from Smithwick and Thompson [39]).

and annoying, such as orthostatic hypotension, periop-
erative pain, orthostatic tachycardia, anhidrosis, intestinal
and sexual problems, and palpitations, while more serious
complications have been reported, such a perioperative
death, stroke, myocardial infarction, paraplegia, and spinal
cord injury. The operation was unpleasant and intolerant
and many hypertension experts remained skeptical; Ed Weiss
stated in 1937 “. . . and now to cap the climax of his
difficulties the unfortunate person with hypertension seems
about to fall into the clutches of the neurosurgeon who
is prepared to separate him from his sympathetic nervous
system”, while Homer Smith used the words “investigation
and desperation” for sympathectomy. It was not until
the introduction of effective antihypertensive drug therapy
that the benefits and risks of sympathectomy were fully
reevaluated.

The interest in sympathectomy faded quite suddenly
with the advent of antihypertensive therapy. Centrally acting
drugs (ganglion-blocking agents, reserpine) have offered
similar beneficial effects [40] (Figure 3). The introduction
of diuretics has closed the circle of sympathectomy in the
treatment of hypertension, highlighting that therapeutic
options fade away when new, more promising treatments
appear. Of note, blood pressure control significantly affected
the survival of treated patients [40] (Figure 4), underlining
that uncontrolled hypertension is associated with increased
mortality rates.

3. Data from Trials in Severe Hypertension:
The VA Study

Despite the impressive benefits of antihypertensive drugs
that have established their use in the treatment of malignant
hypertension, their role in the treatment of milder forms of
hypertension remained controversial for a significant period
of time. Even in 1966, it was stated in the book Controversy
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Figure 3: Survival rates in untreated and medically treated patients
with malignant hypertension (modified from Harington et al. [40]).
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Figure 4: Survival rates in medically treated patients with malig-
nant hypertension according to blood pressure control (modified
from Harington et al. [40]).

in Internal Medicine that drug treatment of essential hyper-
tension was not beneficial [41]. Several reasons contributed
to the “resistance” of hypertension specialists, primary care
physicians, and relevant authorities to recognize the benefits
of antihypertensive therapy. Those benefits include the
following.

(a) The general belief that vascular changes represent a
primary pathologic process that is independent of
blood pressure levels. Hypertension was considered
to be merely a symptom and not the cause of vascular
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sive agents in the trials included varying combinations of
reserpine, chlorothiazide, hydralazine, and guanethidine.

The design of the Veterans Affairs studies became the
prototype for future clinical trials, and the results formed the
basis for early recommendations for antihypertensive therapy.
Table 3 lists results of representative clinical trials over the
past 4 decades.42–59 Several placebo-controlled trials evalu-
ated the benefits of antihypertensive therapy in patients with
“mild” hypertension. By 1990, meta-analyses of various trials
up to that time strongly supported the conclusion that lower-
ing diastolic blood pressure with drug treatment reduced the
incidence of stroke by !40% and fatal coronary heart disease
by 15%. In the 1980s, with increasing recognition that
systolic pressure is a more accurate predictor of cardiovas-
cular events than diastolic pressure among individuals over
age 50 years, several large, placebo-controlled trials focused
on the impact of antihypertensive drug treatment on isolated
systolic hypertension in older individuals (eg, Systolic Hy-
pertension in the Elderly Program48 and Systolic Hyperten-
sion in Europe52). More recent trials have evaluated lower
blood pressure targets for hypertension control (eg, Hyper-
tension Optimal Treatment53). There continues to be interest
in evaluating the risk:benefit ratio of lower blood pressure
targets. Although most trials have not provided evidence for
a J curve, at least 2 recent trials suggest that aggressively
lowering blood pressure in specific high-risk patients may not
be advantageous. The International Verapamil SR/Trandola-
pril Trial compared a verapamil-based with an atenolol-based
hypertension treatment strategy in patients with coronary
artery disease.59 The relationship between blood pressure and
all-cause death and total myocardial infarction was J shaped,
particularly for diastolic blood pressure, with a nadir at
119/84 mm Hg. In hypertensive-diabetic patients, the recent
Action to Control Cardiovascular Risk in Diabetes Trial
demonstrated that targeting a systolic blood pressure of
"120 mm Hg, as compared with "140 mm Hg, did not reduce

the rate of a composite outcome of fatal and nonfatal major
cardiovascular events.60 Indeed, serious adverse events occurred
more frequently in the lower blood pressure group (3.3% versus
1.3%; P"0.001). A trial currently in progress, the Systolic
Blood Pressure Intervention Trial, is designed to test whether
reducing systolic blood pressure to "120 mm Hg compared
with a target of "140 mm Hg will reduce cardiovascular disease
risk.

Based on pooling results from clinical trials, meta-analyses
suggest essentially equivalent blood pressure–lowering ef-
fects of the following 6 major classes of drugs when used as
monotherapy: diuretics, !-blockers, angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, calcium
antagonists, and "1 receptor blockers.61 However, clinical
trial results have suggested that there are subgroup differ-
ences in responses (eg, diuretics for low renin patients and
renin-angiotensin blockers for high renin patients). In addi-
tion, coincident with the development and increasing avail-
ability of newer antihypertensive agents in the 1970s and
1980s, trials were designed to evaluate the possibility that
different classes of antihypertensive agents vary in their
capacity to decrease cardiovascular and renal disease, inde-
pendent of their ability to lower blood pressure. Most trials
have failed to show significant differences in cardiovascu-
lar outcomes with different drug regimens, as long as
equivalent decreases in blood pressure were achieved.62

However, in specific patient groups, relatively recent trial
results suggest that converting enzyme inhibitors and
angiotensin receptor blocking agents have advantages
beyond that of blood pressure control in reducing adverse
cardiovascular events in high-risk patients (eg, Heart
Outcomes Prevention Evaluation,54 Losartan Intervention
for Endpoint Reduction in Hypertension,56 and European
Trial on Reduction of Cardiac Events With Perindopril in
Stable Coronary Artery Disease58) and renal outcomes in
diabetic patients.

Trials of Lifestyle Interventions
The earliest comment that relates dietary salt to blood
pressure is that of Huang Ti Nei Ching Su Wein (!2600 BC)
from the translation by Wan Ping (AD 762), “… therefore if
large amounts of salt are taken, the pulse will stiffen or
harden.”62a In 1905, 2 French medical students, Ambard and
Beaujard,63 were the first to promote the concept that the
cause of hypertension was salt in the diet, and they claimed
some success in reducing blood pressure by restricting salt.
They thought the culprit was chloride. Chloride was readily
measured by the silver nitrate method; the flame photometer
had not been invented. Interest in chloride has been rekindled
by the recent demonstration that sodium salts composed of
anions other than chloride have relatively little impact on
blood pressure.64

Subsequent attempts to restrict salt as a strategy for the
treatment of hypertension met with either limited success or
without careful documentation of its impact on blood pres-
sure until the mid-1940s. In 1948, Kempner65 renewed
interest in salt restriction with his introduction of the rice-fruit
diet, which contained 150 mg of sodium per day. In 322 of
500 patients with hypertensive vascular disease, the diet

Table 2. Dates of Discovery of Antihypertensive Drugs or
Drug Classes

Year(s) Antihypertensive Agent(s)

1900 Sodium thiocyanate

1931 Reserpine

1947–1950 Ganglion blocking drugs

1958 Thiazide-type diuretics

1950s Hydralazine

1950s Guanethidine

1957 Spironolactone

1960 Methyldopa

1973 !-Receptor blockers (eg, propranolol)

1970s Central "2 agonists (eg, clonidine)

1975 Peripheral "1 receptor blockers (eg, prazosin)

1977 ACE inhibitors (eg, captopril)

1977 Calcium channel blockers (eg, verapamil, nifedipine)

1993 Angiotensin II receptor blockers (eg, losartan)

2000 Renin inhibitors (eg, aliskiren)

ACE indicates angiotensin-converting enzyme. Data derived from Freis.39
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Definition

RR > 140/80 / > 130/80 

Praxisblutdruck (mmHg)

 3 Antihypertensiva  
incl. Diuretikum 
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1 Milliarde
Hypertoniker

1,3 Milliarden
Übergewichtige

ca. 9% resistente Hypertoniker  
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PSEUDORESISTENZ

• de

Arzt Patient

falsche Blutdruckmessung 

Fehler im Blutdruckmanagement

schlechte Adherenz
ineffektive Kombinationen

inadäquate Dosis 
(Nebenwirkungen) Salzexzess

Blutdruck steigernde 
Medikamente

Nicht Erkennen/fehlende 
Abklärung sek. RR Formen



Sekundäre RR Formen

häufig ➡ Obstruktive Schlafapnoe 80%
➡ Niereninsuffizienz
➡ Primärer Hyperaldosteronismus 20% !
➡ Nierenarterienstenose 35%

selten ➡ Phäochromozytom 0,1-0,6%
➡ Cushing Syndrom
➡ Hyperparathyreodismus
➡ Aortenisthmusstenose
➡ Intracranielle Tumore
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BP, on 33 OSA patients diagnosed by monitoring respir-
atory variables alone in patients with ABPM-confirmed
resistant hypertension. Dernaika et al. [31] found a sig-
nificant decrease in mean daytime BP (!5.6 mmHg) after
6 months of CPAP treatment, in a retrospective study on
42 patients with resistant hypertension, compared with
56 patients with controlled hypertension, on the basis
of consulting-room BP measurements. These studies

provided evidence of the effect of CPAP in reducing
BP in patients with resistant hypertension but none of
them was a prospective, controlled randomized study.
Our finding of a reduction in diastolic BP only in patients
with ABPM-confirmed resistant hypertension concurs
with the results of the mentioned studies and further
endorses the benefits of CPAP in less controlled
hypertensive patients. In a cohort of well controlled
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nation of 2 diuretics from different subclasses (eg, loop with a
thiazide) and the combination of dihydropyridine with nondihydro-
pyridine CCB were not considered same drug class combinations.

Statistical Analysis
All of the analyses were performed using SAS 9.2 (SAS Institute Inc,
Cary, NC). Descriptive statistics were presented.

Results
There were 5 442 410 patients with hypertension identified
based on ICD-9-CM, and 140 126 met study criteria for this
definition of resistant hypertension. Baseline characteristics
are presented in Table 1. The mean age was 63.8 years, and
54.5% were men. The majority of patients were prescribed 4
antihypertensive agents, and a small number of patients were
prescribed 5, 6, or !7 antihypertensive agents (84.2%,
13.3%, 2.1%, and !1%, respectively). Based on ICD-9-CM
diagnosis codes, 30.5% of patients had a diagnosis of diabetes
mellitus, 22.5% had a history of atherosclerotic vascular
disease, 5.7% had reported CKD, and !1.0% had reported
nephrotic syndrome or primary aldosteronism.

During the 14-month study period, 134 754 patients
(96.2%) were prescribed an ACEi and/or an ARB. The
percentage use of all of the antihypertensive classes is
presented in Table 2. Diuretics were the second most com-
mon agents and were prescribed in 130 629 patients (93.2%),
and the most common subclass of diuretic was a thiazide

prescribed in 79.8% of patients. Of the patients prescribed a
thiazide, 94.2% were prescribed hydrochlorothiazide, and
89.4% prescribed a loop diuretic were prescribed furosemide.
Dihydropyridine CCBs were prescribed more commonly than
nondihydropyridine CCBs (69.7% versus 15.0%, respec-
tively). The most common "-blockers prescribed are shown
in Figure 2. More than 74% of patients (103 779 of 140 126)
were prescribed the combination of an ACEi or ARB plus
CCB plus diuretic. Alternative agents (eg, #1-adrenergic
receptor antagonists, #2-adrenergic receptor agonists, and
direct renin inhibitor) were rarely prescribed.

Only 4267 patients (3.0%) in this study were prescribed
chlorthalidone. A slightly higher number of patients, 8212

Table 1. Baseline Characteristics

Characteristic
No. of Patients
(N " 140 126)

Age in years, mean 63.8

Men 76 423 (54.5)

Women 63 703 (45.5)

Comorbidities

Diabetes mellitus 42 749 (30.5)

Primary aldosteronism 333 (!1.0)

Obstructive sleep apnea 9709 (6.9)

Acute myocardial infarction 2265 (1.6)

Ischemic heart disease 4655 (3.3)

Old myocardial infarction 2036 (1.5)

Angina 6225 (4.4)

Other ischemic heart disease chronic 20 528 (14.6)

Atherosclerotic vascular disease* 1949 (1.4)

Heart disease 1175 (!1.0)

Transient ischemic attack 2935 (2.1)

Cerebrovascular disease 2529 (1.8)

Late effects of cerebrovascular disease 1478 (1.1)

Aortic aneurism and dissection 1702 (1.2)

Peripheral vascular disease 4731 (3.4)

Nephrotic syndrome 558 (!1.0)

Chronic kidney disease 8039 (5.7)

Comorbidities were identified by International Classification of Diseases, 9th
Revision, Clinical Modification diagnosis codes. Data are n (%) unless otherwise
specified.

*Atherosclerotic vascular disease includes coronary artery disease, cerebro-
vascular disease, aortic aneurism, and peripheral vascular disease.

Table 2. Antihypertensive Agents Used for the Treatment of
Resistant Hypertension

Antihypertensive Medication Class
No. of Patients
(N " 140 126)

ACEi 84 133 (60.0)

ARB 72 519 (51.8)

"-blocker 112 121 (80.0)

CCB 117 106 (83.6)

Dihydropyridine 97 655 (69.7)

Nondihydropyridine 21 069 (15.0)

Diuretic 130 629 (93.2)

Aldosterone antagonist 8212 (5.9)

Loop 26 375 (18.8)

Potassium sparing 1232 (!1.0)

Thiazide 111 758 (79.8)

#1-Adrenergic receptor antagonist 17 086 (12.2)

#2-Adrenergic receptor agonist 19 745 (14.1)

Direct renin inhibitor (aliskiren) 4706 (3.4)

Other 6529 (4.7)

Hydralazine 4443 (3.2)

Minoxidil 1712 (1.2)

Methyldopa 451 (!1.0)

Reserpine 30 (!1.0)

ACEi indicates angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CCB, calcium channel blocker. Data are n (%) unless
otherwise specified.
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patients (5.9%), were prescribed an aldosterone antagonist, of
which spironolactone was used in 7771 patients (94.6%).
Logistic regression identified the presence of primary aldo-
steronism, younger age, being female, and the total number of
unique antihypertensive classes prescribed as characteristics
associated with a higher likelihood of being prescribed
chlorthalidone and/or an aldosterone antagonist.

A loop diuretic was prescribed in 26 375 patients (18.8%).
Of the 8039 patients with a diagnosis of CKD, only 2121
(26.4%) were prescribed a loop diuretic. In patients pre-
scribed chlorthalidone, hydrochlorothiazide, and/or spirono-
lactone, the mean doses based on NDC claims were 25.4,
21.1, and 31.9 mg, respectively.

In this study, the 2 most common !-blockers were meto-
prolol and atenolol (38.5% and 21.8%, respectively). A small
number, !11.0%, of patients in the study were on a mixed
"/!-blocker (ie, carvedilol and labetalol).

Table 3 describes the number of FDC products prescribed.
A total of 88 514 patients (63.2%) were prescribed 1 or more
2-drug FDC product(s), and an overall total of 102 813 FDC
products was prescribed. The most common FDC products
prescribed are presented in Figure 3. Thiazide diuretics were
used in 69.8% of all FDC products, and hydrochlorothiazide
accounted for 95.0% of thiazide-containing FDC products.

During the 14-month study duration, 21 898 patients
(15.6%) were prescribed concurrent therapy with an ACEi
and ARB (see Figure 4). Logistic regression identified the
presence of nephrotic syndrome, diabetes mellitus, CKD

(stages 1, 2, or 3), younger age, being male, and the total
number of unique antihypertensive classes prescribed as
characteristics that were associated with a higher likelihood
of being prescribed an ACEi with ARB. Only 3305 patients
(2.4%) were prescribed 2 agents from the same drug class.
More than half of these patients (1867) were prescribed 2
CCBs; however, 1498 were prescribed a dihydropyridine
with a nondihydropyridine CCB.

Discussion
This study used a claims database to describe the overall use
of antihypertensives among a patient population with resis-
tant hypertension. Based on the predetermined definition used
to identify patients with resistant hypertension in this study,
the prevalence of resistant hypertension was 2.6%, which is
less than what has been described previously. Characteristics
of patients with resistant hypertension in this study are similar
to previous reports and confirm a high prevalence of diabetes
mellitus and atherosclerotic vascular disease.3,7,8 The preva-
lence of CKD was higher in this population compared with
previous data, and the prevalence of primary aldosteronism
was low.3,9–12

The most commonly prescribed antihypertensive classes in
this study were ACEi, ARB, !-blocker, CCB, and/or diuretic,
which are consistent with evidence-based guideline recom-
mendations for first-line treatment.4,13 Compared with recent
National Health and Nutrition Examination Survey data,
more patients in this resistant hypertension population were
on an ACEi, ARB, !-blocker, CCB, and/or diuretic (60.0%
versus 57.0%, 51.8% versus 40.9%, 80.0% versus 75.5%,
83.6% versus 66.5%, and 93.2% versus 85.6%, respec-
tively).3 Importantly, most patients were prescribed an ACEi
or ARB plus CCB plus diuretic, which is considered an
effective and generally well-tolerated 3-drug combination.2

Alternative therapies were rarely used. Evidence-based and
recommended antihypertensives in this population, including
the use of chlorthalidone and/or an aldosterone antagonist and
the use of a mixed "/!-blocker when a !-blocker was
prescribed, were underused.2

Table 3. No. of FDC Products Prescribed

FDC Product Prescribing
No. of Patients
(N " 88 514)

No. of FDC products per patient

1 74 286

2 14 157

#3 71

FDC indicates fixed-dose combination.
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specific forms. This approach was based on knowledge of
the underlying pathophysiological mechanism(s), which
differs for the diverse classes of drugs. The caveat has
to be stated that it represents a class IIB recommendation
[6].

Pressor effects of NSAIDs and analgesics
Prostaglandins play a central role in BP regulation
by exerting vasodilatatory and natriuretic effects. The
NSAIDs inhibit cyclo-oxygenase (COX) and blunt the
synthesis of prostaglandin E and prostacyclin (PGI2).

Therefore, they cause renal vasoconstriction with
sodium and water retention, weight gain, blood volume
expansion, and ultimately high BP. However, as prosta-
glandins mediate the release of renin and aldosterone
by decreasing prostaglandin levels, NSAIDs can lower
BP when the renin–angiotensin system (RAS) is acti-
vated as, for example, in renovascular hypertension and
heart failure [8]. Hence, depending on the prevailing
degree of activation of the RAS, of prostaglandin syn-
thesis, and on individual susceptibility, the BP changes
induced by NSAIDs can vary widely across individuals.

Drug-related hypertension Rossi et al. 3

Table 1 Drugs that may cause hypertension and mechanistically based antidote treatment

Drugs Proposed pressor mechanism Mechanistically based antidote treatment

NSAIDs Inhibition of PGE2 and PGI2 synthesis resulting in
renal vasoconstriction, sodium, and water retention

Discontinue. If not possible, start calcium channel
blockers or central adrenergic agonists, possibly
associated with diuretics

Oral contraceptives and HRT Increase in angiotensinogen synthesis, activation of RAS,
aldosterone secretion, increase of plasma volume,
and exchangeable sodium

In fertile women long acting calcium channel blockers,
b-blockers, and methyldopa; consider diuretics.
In postmenopausal women, also consider RAS
inhibitors and aliskiren

HSD11B2 inhibitors AME by inhibition of HSD11B2 Discontinue. If not possible, start MR antagonists.
Carbenoxolone
Glycirrizinic acid
Licorice

Steroids Increase in angiotensinogen synthesis, activation of the
sympathetic nervous system, and mineralocorticoid effect

Discontinue. If not possible, start drugs blocking the
RAS and the MR, along with adequate doses of
diuretics to counteract sodium and water retention

Calcineurin inhibitors Vasoconstriction, sympathetic activation and water and
salt retention, impaired ET-1 clearance with enhanced
ETA effects.

Calcium channel blockers and RAS inhibitors

Cyclosporine
Tacrolimus
Erythropoietin Rise of cytosolic Ca2þ content in vascular smooth muscle

cells [67], activation of the local RAS system, increased
ET-1 production, decreased NO, increased vasoconstricting
response to catecholamines

Lower the dose; if unsuccessful, start calcium channel
blockers or a-blockers. Diuretics and ACE inhibitors
may be less effective

Sympathomimetic amines Cocaine and amphetamines: inhibition of the peripheral
re-uptake ofNE and inhibition of baroreceptor function,
thus causing sympathetic activation

Discontinue offending drug if possible. If unfeasible,
b-blockers

Cocaine
Amphetamines a-Adrenergic receptor stimulation
Ephedrine

Nasal decongestants
Alcohol Stimulation of sympathetic activity, activation of the RAS, and

abnormal calcium-mediated vasoconstriction
Limit intake

Caffeine Sympathetic over-activation, antagonism of adenosine receptors,
and increased norepinephrine release activation of the
RAS system

Limit intake

Anti-angiogenesis and
kinase inhibitors

Blunted release of vasodilating factors, ET-1 stimulation,
PGI2 release, endothelial cell apoptosis, capillary rarefaction,
and impaired angiogenesis of vasa vasorum with ensuing
aortic stiffness

Drugs promoting NO bioavailability, such as ACE
inhibitors and nebivolol

Bevacizumib
RTKI
Antidepressants MAOI increase the half-life of monoamines as norepinephrine,

thus enhancing their action at sympathetic nerve endings
Whenever withdrawal is unfeasible, use a-blockers

with b-blockers
MAOIs
Tricyclics
Selective serotonin

Re-uptake inhibitors (SSRI)
HDL-raising agents Increased aldosterone secretion MR antagonists
Torcetrapib

Evidence-based trials were available for no drugs. For each drug, level of evidence was C, that is, recommendation based on expert opinion, case studies, or standards of
care [6], and class of recommendation was IIa, that is, weight of evidence/opinion is in favour of usefulness/efficacy [6]. ACE, angiotensin-converting enzyme; AME,
apparent mineralocorticoid excess; ET-1, endothelin-1; HDL, high-density lipoprotein; MAOI, monoamine oxidase inhibitor; MR, mineralocorticoid receptor; NE,
norepinephrine; NO, nitric oxide; RAS, renin–angiotensin system; RTKI, receptor tyrosine kinase inhibitor; PGE2, prostaglandin E; PGI2, prostacyclin; SSRI, selective
serotonin reuptake inhibitors.



NON-COMPLIANCE TO THERAPY AS A FREQUENT CAUSE OF 
RESISTANT HYPERTENSION – HOW COMMON AND HOW TO DETECT IT?
B. Strauch1, O. Petrak1, J. Rosa1, T. Zelinka1, Z. Somloova1, J. Kurcova2, L. Chytil2, R. Holaj1, J. Widimsky Jr1. 13rd Internal Clinic, 
General Teaching Hospital, 1st Faculty of Medicine, Charles University, Prague, Czech Republic, 2Institute of Forensic Medicine and 
Toxicology, Toxicology Laboratory, General Teaching Hospital, 1st Faculty of Medicine, Prague, Czech Republic

.

.All patients underwent a clinical investigation including unplanned blood 
sampling for the measurement of concentration of several plasma 
antihypertensive drugs (amlodipin, betaxolol, bisoprolol, doxazosin, losartan, 
metoprolol, telmisartan, doxazosin, losartan, metoprolol..

In 40% of out-patients, the levels of antihypertensive drugs were non-
detectable, 

in next 40%, only levels of some of the prescribed drugs were positive and

in the rest 20% of patients plasma drug concentrations were within therapeutic 
limits. I
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Wieviel Kochsalz braucht der Mensch?
Eine Kochsalzufuhr <1g/Tag ist physiologisch gut  möglich und verträglich

• unberührte Naturvölker:Yamamano ( Brasilien)

• Völker, bei denen es natürliche Möglichkeiten 

zur Konservierung gab: , z.B. Eskimo

• Menschen in Umwelten ohne Salz: z.B. 

nomadische Tuareg
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REALITÄT DER KOCHSALZZUFUHR

INTERSALT STUDIE

• 10.079 Probanden aus 52 Ländern

• repräsentative Normalbevölkerung

• Natriumauscheidung i.U. 170 mmol/Tag

• entspricht ca. 9 g Natriumchlorid /Tag
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HERKUNFT DES KOCHSALZ IN DER 
NORMALEN NAHRUNG
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Natürliches Salzvorkommen in der Nahrung
“Zusalzen”
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given dose having a smaller blood pressure-lowering effect
in a person with a lower blood pressure than in a person
with a higher blood pressure.52 An incremental effect of 1.0
thus indicates that the effect is exactly additive, 0.5 indi-
cates a subadditive effect (equivalent to 50% of the extra

additive effect), and 1.5 indicates a supra-additive (or syn-
ergistic) effect (equivalent to 50% greater than additive).
Overall, our result of 1.01 (the average of the summary
estimates from each class of drug) is close to the effect
being exactly additive.

Figure 1 Mean placebo-subtracted systolic blood pressure reduction from a meta-analysis of
42 randomized factorial trials of thiazides, beta-blockers, ACE inhibitors, or calcium channel
blockers using each class of drug separately, any 1 of the other 3 classes alone, and in
combination with the specified drug class (95% confidence interval). The dashed line represents
the expected blood pressure reduction from the combination assuming an additive effect,
allowing for the smaller reduction from 1 drug given the lower pretreatment blood pressure
because of the other. BP ! blood pressure; ACE ! angiotensin-converting enzyme.

Figure 2 Ratio of observed to expected incremental blood pressure-lowering effects of
adding a drug or doubling the dose according to the class of drug. The expected incremental
effect is the incremental blood pressure reduction of the added (or doubled drug), assuming
an additive effect and allowing for the smaller reduction from 1 drug (or dose of 1 drug)
given the lower pretreatment blood pressure because of the other. ACE ! angiotensin-
converting enzyme.

297Wald et al Combination Versus Monotherapy for Blood Pressure Reduction



restriction substantially reduced both office and 24-hour
ambulatory BP. The degree of BP reduction induced by
dietary salt restriction in this group of subjects with resistant
hypertension is considerably larger than reductions observed
in normotensive populations or in cohorts of general hyper-
tensive subjects. These results demonstrate that excessive
dietary salt ingestion contributes importantly to elevated BP
levels in patients with resistant hypertension.

Observational studies of large unselected cohorts indicate a
positive correlation between dietary salt intake and BP. In the
INTERSALT Cooperative Research study, urinary sodium
was related to the slope of BP increases with age, but not to
median BP or prevalence of hypertension.1 In this study,
increases in 100 mmol per day of dietary sodium were
associated with increases in systolic BP of 2.2 mm Hg.
Similarly, intervention studies indicate that reductions in
dietary salt intake by 50 mmol per day reduce mean systolic
BP in normotensive subjects by approximately 1.7 to
2.9 mm Hg.15,16

Studies of hypertensive populations suggest a stronger
relation between dietary salt and severity of hypertension
than observed in normotensive subjects. In evaluations of
hypertensive cohorts, dietary salt restriction lowers systolic
BP by 2 to 10 mm Hg and diastolic BP by 1 to 6 mm Hg.17–33

For example, in the Dietary Approaches to Stop Hypertension
(DASH) trial, 412 patients with mild-moderate hypertension
(range 120 to 159/80 to 95 mm Hg) were randomized to the
DASH diet (which is rich in vegetables, fruits, and low-fat
dairy products) or control diet.17 Each group received increas-
ing levels of dietary sodium (50, 100, 150 mmol/24 hours) for
30 consecutive days in a crossover design. As compared with
the control diet during high dietary sodium intake, the DASH
diet and low dietary sodium intake lowered systolic BP by
11.5 mm Hg in participants with hypertension (12.6 mm Hg
for blacks; 9.5 mm Hg for others).

In an evaluation of subjects with severe hypertension,
Fotherby et al assessed the BP effects of low dietary salt
ingestion in 17 untreated hypertensive subjects with a mean
office BP of 176!17/96!11 mm Hg.20 After 5 weeks of
low-salt diet (80 to 100 mmol/24 hours), 24-hour systolic and
diastolic BP decreased by 5 and 2 mm Hg, respectively. In a
study by Gavras et al, a much greater BP reduction was
achieved with extreme dietary salt restriction in combination
with intense diuretic therapy in subjects with uncontrolled BP
on maximal doses of at least 2 agents (a diuretic and a
sympatholytic agent).34 In this study, BP decreased on aver-
age by 21/7 mm Hg during ingestion of a diet limited to
10 mmol of sodium with concurrent administration of either
hydrochlorothiazide 100 mg or furosemide 80 to 200 mg
daily. In the current study, we observed a similar degree of BP
reduction with less severe sodium restriction (50 mmol/24
hours) and with continuation of hydrochlorothiazide as conven-
tionally dosed.

The current results suggest that patients with resistant
hypertension are exquisitely salt sensitive, manifesting a
mean reduction in office BP of 22.7/9.1 mm Hg in response
to a low-salt diet. The magnitude of BP reduction was
confirmed with the demonstration of a 20.7/9.6 mm Hg
reduction in daytime BP by ABPM. This degree of BP
reduction is much larger than reductions previously observed
in unselected hypertensive subjects. It suggests that patients
with resistant hypertension are particularly salt sensitive and
emphasizes the importance of low dietary salt intake in the
clinical management of resistant hypertension. Treatment
with renin–angiotensin system blockers could partially ex-
plain the enhanced salt-sensitivity of these subjects. Animal
studies demonstrate that long-term administration of angio-
tensin converting enzyme inhibitors heightens the hyperten-
sive response to high dietary salt.35,36
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In the sodium reduction intervention

group, the mean decrease in sodium ex¬
cretion was constant at about 55 to 60
mmol/24 h at 6, 12 (not shown), and 18
months. Due to a slight decline in con¬
trol participants, the net difference was
44 mmol at the end of the follow-up
(P<.01). There was also about a 1.2-kg
net weight reduction during the first 6
months; by 18 months, the difference
between groups was only 0.4 kg and
was not significant. There were no con¬
sistent, significant differences in potas¬
sium excretion, or intakes of alcohol,
calcium, or magnesium (data not shown).
For the weight reduction group, weight
loss was maximal at 6 months (5.7 kg,
P<.01) compared to the control group.
This difference declined to 3.9 kg at 18
months (P<.01). There were no signif¬
icant differences in sodium excretion be¬
tween the weight reduction and control
groups (data not shown). Net potassium
excretion increased in the treated group
due to slight declines in the control
group; however, these differences were
of small magnitude (6.2 to 9.0 mmol/24
h). There were no consistent, signifi¬
cant differences in changes in intakes of
alcohol, calcium, or magnesium. In the
stress management group, there were
no differences in changes in the Hassles
scores for intensity, but at 18 months
only there was a significant increase in
frequency (Table 2). There were no con¬
sistent significant differences in weight,
sodium or potassium excretion, or in¬
takes of alcohol, calcium, or magnesium
(data not shown).
Nutritional Supplement
Intervention Results

Compliance with nutritional supple¬
ment and placebo protocols was moni¬
tored by pill counts. The percentage of
subjects taking 95% or more of the study
medications ranged from 69% to 83% for
active treatments and from 72% to 83%
forplacebos. Only for the fish oil interven¬
tion did they differ, with compliance
about 10% less in the actively treated
group at 6 weeks, 3 months, and 6 months
(P<.05 at 3 months) (data not shown).

Specific objective measures of com¬
pliance were also obtained for each sup¬
plement (Table 2). In the magnesium
group at 3 and 6 months, changes in
serum concentrations and urinary ex¬
cretion were increased compared with
controls (P<.01); net increase in excre¬
tion was 1.3 to 1.6 mmol. Calcium ex¬
cretion was increased at both visits in
the active calcium supplement group by
a net of 0.9 to 1.2 mmol (P<.001). In
stage 2, plasma phospholipid levels of
omega-3 fatty acids were consistently
increased in the fish oil group (P<.0001),
about sixfold for eicosapentaenoic acid

Fig 2.—Net mean changes in systolic and diastolic blood pressure (baseline minus follow-up), with 95%
confidence intervals. WR indicates weight reduction; Na, sodium reduction; SM, stress management; Ca,
calcium supplementation; Mg, magnesium supplementation; K, potassium supplementation; and FO, fish
oil supplementation.

and twofold for docosahexaenoic acid
over the baseline levels of0.6% and 2.0%,
respectively. Potassium excretion in¬
creased by a net of 44 and 42 mmol/24 h
in the potassium group at the two visits
(P<.0001). There were no consistent
changes in potassium excretion, body
weight, or sodium excretion, or in in¬
takes of alcohol, calcium, magnesium,
or potassium, other than by the pre¬
scribed supplements (data not shown).
Blood Pressure Results

Data on BP changes are presented in
Fig 2 for 6-month visits and in Table 3
for termination visits. These data were
91% to 96% complete at all follow-up
visits, and the percentage missing at
the last scheduled visits did not differ
significantly between intervention and
control groups. In the sodium reduction
and weight reduction groups, both DBP
and SBP were consistently reduced in
the active intervention groups compared
to controls. Net changes for both inter¬
ventions were similar at 3 and 6 months
of follow-up, and generally maximum at
these times (Fig 2). At termination, the
effects in the sodium reduction group
were 0.9 mm Hg diastolic (P<.05) and
1.7 mm Hg systolic (P<.01), while for
weight reduction, they were 2.3 mm Hg
diastolic and 2.9 mm Hg systolic (P<.01
for both). These values remained simi¬
lar when adjusted for age, race, gender,
and baseline BP. Changes in BP for
stress management were small and in¬
consistent in direction. Differences at
termination (Table 3) were larger than
at 6 months (Fig 2), but none reached
statistical significance. Among the nu-

tritional supplements, there were no sig¬
nificant effects on diastolic or systolic
BP at 6 months (Fig 2) or at termination
(Table 3). Only for potassium at the 3
months' follow-up was the change in
DBP (1.2 mm Hg) statistically signifi¬
cant (P =

. 04).
Other Effects

There were three deaths during the
trial, one each in the active weight re¬
duction, active magnesium nutritional
supplement, and life-style change con¬
trol groups; causes ofdeath were throm-
botic occlusion of the right coronary ar¬
tery, undetermined, and pancreatic can¬
cer, respectively. A 21-item symptom
checklist was administered to nutritional
supplement and placebo participants at
their 3- and 6-month visits. Few signif¬
icant differences were observed. In stage
1, there was increased prevalence of
loose or frequent stools (23.1% vs 11.7%;
P=.002), and of diarrhea (15.8% vs
9.1%,  = .04) in the magnesium group.
In stage 2, fish oil was associated with
an increase in unpleasant oral taste
(26.4% vs 5.7%, P<.001) and in belch¬
ing (35.6% vs 11.4%, P<.001). Signifi¬
cant improvements on the Psychologi¬
cal General Well-Being scale were ob¬
served only in the sodium reduction and
weight reduction groups (P<.05, atboth
6 and 18 months) (data not shown).
Incidence of Hypertension

Table 4 presents data on the occur¬
rence of hypertension during follow-up,
defined as a mean of nine DBP readings
of 90 mm Hg or greater at any of the
three-visit follow-ups (12 and 18 months
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TOHP-I trial, weight loss yielded a greater BP reduction at 6
months than did sodium intake reduction.3

Weight loss and blood pressure
reduction: mechanism of action
It is hypothesized that visceral (as opposed to subcutaneous) adi-
posity and BP are linked through increased calorie, protein, and
carbohydrate intake, resulting in increased plasma catecholamines,
sympathetic nervous system activity, and insulin secretion.4 Conse-
quently, renin–angiotensin–aldosterone system (RAAS) activation
results in renal sodium retention through aldosterone synthesis,
yielding increased cardiac output in the setting of insufficient
adjustment in peripheral vascular resistance, all of which results
in HTN (Figure 1).5 –7 Obese women had higher circulating levels
of angiotensinogen, renin, aldosterone, and angiotensin-converting
enzyme when compared with lean women.8 Decrease in BP fol-
lowing weight loss is associated with reduced sympathetic
nervous system and RAAS activity, as well as accelerated natriur-
esis.9 With 10 kg weight loss, there was lowering of total circulat-
ing blood volume without change in peripheral vascular resistance,
thus yielding decreased venous return and cardiac output.7

A possible link between weight and various physiological
changes is leptin, which when secreted by adipocytes binds to a
receptor on the hypothalamus and increases renal sodium and
water excretion and alters vasoactive substances such as nitric
oxide in the endothelium.10,11 In human adult populations,
among the studies that report a positive association between
leptin and BP, some report the association to be independent of
adiposity, whereas others do not. A recent study illustrates that
leptin accounts for a proportion of the variance in the association
between BMI and BP, but that the association of leptin and BP is
almost entirely explained by BMI.12

Relationship between weight loss and
blood pressure
The relationship between weight loss and BP reduction appears to
be linear (Figure 2).13 By and large, a reduction of 1 kg body weight
is associated with 2/1 mmHg BP reduction.14 Reduction in BP due
to weight loss is related to the decrease in visceral fat mass.15

Does it matter how one loses the weight?
The short answer is yes. Among the possible means of reducing
body weight are lifestyle modifications, pharmacological interven-
tions, and invasive or surgical interventions.

A 4 kg weight loss achieved with dietary treatment yielded a
6 mmHg systolic BP (SBP) reduction; the same 4 kg weight loss
achieved with orlistat (decreases dietary fat absorption by inhibit-
ing activity of pancreatic lipases) yields a lesser 2.5 mmHg
reduction in SBP.16 An 8.4 kg reduction in weight using orlistat
yielded a 4.0/3.0 mmHg reduction in BP, whereas an 8.3 kg
weight reduction through the use of sibutramine (serotonin–
norepinephrine reuptake inhibitor that acts as an appetite suppres-
sant) did not cause a change in BP. Sibutramine may actually have a
BP-raising effect that counteracts the BP reduction that comes with
its weight loss effects. In the SCOUT trial, sibutramine was
associated with a higher composite risk of heart attack, stroke,
resuscitated cardiac arrest, or death.17

Bariatric surgical methods allow for the greatest degree of
weight loss, ranging from 21 to 38%, 1-year post-operation
depending on the type of surgery.18 For a weight loss at 2- and
10-year post-surgery of 23.4 and 16.1%, respectively, BP change
was 24.4/25.2 and +0.5/22.6 mmHg. At 10-year post-surgery,
although weight loss was sustained (though somewhat diminished),
the BP-lowering effect was diminished.

Physical activity
A meta-analysis of randomized controlled trials found that aerobic
exercise reduced BP by roughly 5/3 mmHg.19 This effect appears
to be independent of the weight reduction associated with physical
activity.20 In a study of normotensives followed for a mean of 4
years, increased physical fitness (a physiological response to
regular physical activity) was significantly associated with decreased
risk of developing elevated BP.21

Fitness was determined based on the duration each person was
able to undergo a graded symptom-limited maximal exercise
test.22 The association of fitness with incident HTN and other car-
diovascular conditions is stronger than the association of physical
activity with those same cardiovascular diseases. In the Coronary
Artery Risk Development in Young Adults (CARDIA) Study,
both baseline fitness and physical activity were inversely associated
with incident HTN.23 The magnitude of association between phys-
ical activity and HTN was strongest and significantly inversely
related with HTN incidence only among participants in the high-
fitness category, whereas the magnitude of association between
fitness and HTN was similar across tertiles of physical activity.
The association of fitness or activity with incident HTN was mod-
estly attenuated when BMI and waist circumference were included.

Figure 1 Hypothetical mechanisms by which obesity may con-
tribute to HTN. CNPS, cardiac natriuretic peptide system; OSA,
obstructive sleep apnoea; RAAS, renin–angiotensin–aldosterone
system; SNS, sympathetic nervous system.

T.M. Frisoli et al.3082
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achieved with orlistat (decreases dietary fat absorption by inhibit-
ing activity of pancreatic lipases) yields a lesser 2.5 mmHg
reduction in SBP.16 An 8.4 kg reduction in weight using orlistat
yielded a 4.0/3.0 mmHg reduction in BP, whereas an 8.3 kg
weight reduction through the use of sibutramine (serotonin–
norepinephrine reuptake inhibitor that acts as an appetite suppres-
sant) did not cause a change in BP. Sibutramine may actually have a
BP-raising effect that counteracts the BP reduction that comes with
its weight loss effects. In the SCOUT trial, sibutramine was
associated with a higher composite risk of heart attack, stroke,
resuscitated cardiac arrest, or death.17

Bariatric surgical methods allow for the greatest degree of
weight loss, ranging from 21 to 38%, 1-year post-operation
depending on the type of surgery.18 For a weight loss at 2- and
10-year post-surgery of 23.4 and 16.1%, respectively, BP change
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Macht es einen Unterschied 
wie man abnimmt?
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• Ja

• -4 kg durch Diät      ->  -6,0 mmHg systolisch

• -4 kg durch Orlistat ->  -2,5 mmHg systolisch

• -8 kg durch Orlistat ->  -4,0 mmHg systolisch

• -8 kg durch Sibutramin ?
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• Ja

• -4 kg durch Diät      ->  -6,0 mmHg systolisch

• -4 kg durch Orlistat ->  -2,5 mmHg systolisch

• -8 kg durch Orlistat ->  -4,0 mmHg systolisch

• -8 kg durch Sibutramin ? kein Effekt !
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HYPERTONIE
MECHANISMEN

•Volumen

•Renin Angiotensin System

•Sympathikusaktivierung



  Sympathikusablation !

Hydrazalin oder zentraler Alfa-Agonist

3 Tabletten Regime*

Option A:
Diuretikum optimieren 

Option B:
Sympathikus behandeln

Option A + Option B + Option C

Anti-Volumen+ (Anti-RAS+X)

Option C:
(..X) optimieren
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Option A:
Diuretikum optimieren*

• hoher Salzverzehr

• Ödeme

• Niereninsuffizienz (GFR <30 ml/min?)

• niedriger Reninspiegel

• normale Harnstoff/Harnsäurespiegel

nur 30% der 
Patienten

mit einer GFR <30 ml/min
erhalten ein

Schleifendiuretikum
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Option A:
Diuretikum optimieren*

•Wechsel auf Chlorthalidon 25 mg

• zusätzlich Epleneron/Spironolacton/
   Amilorid

• Wechsel auf ein Schleifendiuretikum

• sequentielle Nephronblockade
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Option B:
Sympathikus behandeln

• Schlafapnoe

• Akuter/Z.n. Schlaganfall

• C2 Abusus

• Hypertonie mit Sinustachkardie

• Paroxysmale Hypertonie

• sequentielle 
Nephronblockade
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Option B:
Sympathikus behandeln

• kombinierte Alfa/Betablockade

• Herzfrequenz sollte sinken

• Renin sollte supprimert werden

• in Kombination mit ACEi/ BB reichen oft 
niedrigere Dosen Alphablocker

• Bisoprolol/ Nebivolol am besten
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Option B:
Sympathikus behandeln



nation of 2 diuretics from different subclasses (eg, loop with a
thiazide) and the combination of dihydropyridine with nondihydro-
pyridine CCB were not considered same drug class combinations.

Statistical Analysis
All of the analyses were performed using SAS 9.2 (SAS Institute Inc,
Cary, NC). Descriptive statistics were presented.

Results
There were 5 442 410 patients with hypertension identified
based on ICD-9-CM, and 140 126 met study criteria for this
definition of resistant hypertension. Baseline characteristics
are presented in Table 1. The mean age was 63.8 years, and
54.5% were men. The majority of patients were prescribed 4
antihypertensive agents, and a small number of patients were
prescribed 5, 6, or !7 antihypertensive agents (84.2%,
13.3%, 2.1%, and !1%, respectively). Based on ICD-9-CM
diagnosis codes, 30.5% of patients had a diagnosis of diabetes
mellitus, 22.5% had a history of atherosclerotic vascular
disease, 5.7% had reported CKD, and !1.0% had reported
nephrotic syndrome or primary aldosteronism.

During the 14-month study period, 134 754 patients
(96.2%) were prescribed an ACEi and/or an ARB. The
percentage use of all of the antihypertensive classes is
presented in Table 2. Diuretics were the second most com-
mon agents and were prescribed in 130 629 patients (93.2%),
and the most common subclass of diuretic was a thiazide

prescribed in 79.8% of patients. Of the patients prescribed a
thiazide, 94.2% were prescribed hydrochlorothiazide, and
89.4% prescribed a loop diuretic were prescribed furosemide.
Dihydropyridine CCBs were prescribed more commonly than
nondihydropyridine CCBs (69.7% versus 15.0%, respec-
tively). The most common "-blockers prescribed are shown
in Figure 2. More than 74% of patients (103 779 of 140 126)
were prescribed the combination of an ACEi or ARB plus
CCB plus diuretic. Alternative agents (eg, #1-adrenergic
receptor antagonists, #2-adrenergic receptor agonists, and
direct renin inhibitor) were rarely prescribed.

Only 4267 patients (3.0%) in this study were prescribed
chlorthalidone. A slightly higher number of patients, 8212

Table 1. Baseline Characteristics

Characteristic
No. of Patients
(N " 140 126)

Age in years, mean 63.8

Men 76 423 (54.5)

Women 63 703 (45.5)

Comorbidities

Diabetes mellitus 42 749 (30.5)

Primary aldosteronism 333 (!1.0)

Obstructive sleep apnea 9709 (6.9)

Acute myocardial infarction 2265 (1.6)

Ischemic heart disease 4655 (3.3)

Old myocardial infarction 2036 (1.5)

Angina 6225 (4.4)

Other ischemic heart disease chronic 20 528 (14.6)

Atherosclerotic vascular disease* 1949 (1.4)

Heart disease 1175 (!1.0)

Transient ischemic attack 2935 (2.1)

Cerebrovascular disease 2529 (1.8)

Late effects of cerebrovascular disease 1478 (1.1)

Aortic aneurism and dissection 1702 (1.2)

Peripheral vascular disease 4731 (3.4)

Nephrotic syndrome 558 (!1.0)

Chronic kidney disease 8039 (5.7)

Comorbidities were identified by International Classification of Diseases, 9th
Revision, Clinical Modification diagnosis codes. Data are n (%) unless otherwise
specified.

*Atherosclerotic vascular disease includes coronary artery disease, cerebro-
vascular disease, aortic aneurism, and peripheral vascular disease.

Table 2. Antihypertensive Agents Used for the Treatment of
Resistant Hypertension

Antihypertensive Medication Class
No. of Patients
(N " 140 126)

ACEi 84 133 (60.0)

ARB 72 519 (51.8)

"-blocker 112 121 (80.0)

CCB 117 106 (83.6)

Dihydropyridine 97 655 (69.7)

Nondihydropyridine 21 069 (15.0)

Diuretic 130 629 (93.2)

Aldosterone antagonist 8212 (5.9)

Loop 26 375 (18.8)

Potassium sparing 1232 (!1.0)

Thiazide 111 758 (79.8)

#1-Adrenergic receptor antagonist 17 086 (12.2)

#2-Adrenergic receptor agonist 19 745 (14.1)

Direct renin inhibitor (aliskiren) 4706 (3.4)

Other 6529 (4.7)

Hydralazine 4443 (3.2)

Minoxidil 1712 (1.2)

Methyldopa 451 (!1.0)

Reserpine 30 (!1.0)

ACEi indicates angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CCB, calcium channel blocker. Data are n (%) unless
otherwise specified.
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flow.24 Similarly, abridging afferent renal sympathetic nerves
can reduce central sympathetic drive.25 However, these early
surgical approaches (eg, splanchnicectomy) were compli-
cated by severe orthostatic hypotension, impotence, and
incontinence (both urinary and fecal).26 A minimally inva-
sive, catheter-based approach to directly target sympathetic
nerves adjacent to the renal artery has therefore been devel-
oped in an attempt to overcome the aforementioned surgery-
related problems.

The renal denervation procedure involves femoral artery
catheterization with the tip of the catheter placed in the distal
renal artery. Radiofrequency energy is then applied to the
vascular wall to provide heat to the outer layer and the
sympathetic nerves in the adventitia. The catheter is drawn
back 1 to 2 cm and circumferentially rotated, and further
radiofrequency energy is applied. This procedure is repeated
4 to 6 times in the individual renal artery, and then the same
radiofrequency energy is applied to the contralateral renal
artery (Figure 2). Approximately 5 applications per artery are
delivered.

An initial first-in-humans experience has evaluated the
efficacy and safety of this approach in patients with refractory
hypertension.12 Considerable effort was undertaken in the

study regarding appropriate patient selection as well as
evaluation of relevant adverse events. Patients in the blood
pressure range of 160 to 180 mm Hg (despite the use of !3
antihypertensive drugs, including a diuretic) were recruited.
Renal imaging was undertaken to exclude atherosclerotic
renal artery disease before catheterization, and a contrast
renal angiogram was performed at the time of catheterization
(but before the procedure) to ensure again that no major
renovascular disease was present as well as to exclude dual
renal arteries and other anatomic abnormalities.

Substantial and progressive reductions in office blood
pressure measurements were observed in the initial cohort
(n!45), beginning at the 1-month time point and continuing
to the final (12-month) visit12 (Figure 3). An extended cohort
of subjects (n!153) contributing 18-month data has now
been evaluated27 (Figure 4). These data indicate that the blood
pressure–lowering effect of the procedure is sustained, at
least to this time point.

Blood pressure reductions with catheter-based renal dener-
vation have been paralleled by significant reductions in
ambulatory blood pressure monitor readings and by reduc-
tions in renal sympathetic activity, as assessed by organ-
specific norepinephrine spillover rate. Furthermore, muscle
sympathetic nerve activity studies suggest a reduction in
afferent sympathetic activity, as reflected by reduced central
sympathetic drive10 (Figure 5).

Patients were evaluated carefully for periprocedural com-
plications. Loin pain, temporally related to the brief period of
ablation, confirmed the presence of somatic afferent C fibers
and their ablation. The pain was managed with intravenous
sedation in the conscious state. There was no clinical evi-
dence of either vessel thrombosis or kidney embolization;
most patients had received periprocedural aspirin for other
indications. Evaluation of development of catheter- or
ablation-related intravascular complications was performed
with various angiographic techniques, including repeat an-
giography 1 and 2 weeks after the procedure and 6-month
computed tomography or magnetic resonance angiography.
With the exception of 1 renal artery dissection caused by
catheter manipulation in the renal artery before the applica-
tion of radiofrequency energy, there were no periprocedural

Figure 1. Physiological and pathophysi-
ological actions of renal sympathetic
afferent and efferent nerves. RAAS indi-
cates renin-angiotensin-aldosterone sys-
tem; RBF, renal blood flow; and BNP,
brain natriuretic peptide.

Figure 2. Percutaneous renal denervation procedure. Graphic of
catheter tip in distal renal artery is shown.

Krum et al Device-Based Antihypertensive Therapy 211



Sympathikusaktivierung

• Steigerung der Reninsekretion ( ß1)

• Natrium- und Wasserretention (α1B)

• Renale Vasokonstriktion (α1A)

• graduierte Effekte
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Figure 2: Long-term blood pressure control following surgical sympathectomy.

Control 1 volt 2 volts 3 volts

Heart rate
(bpm) 71

210/96 168/73 156/72 144/66

56 58 50

Blood
pressure
(mmHg)

Ability to personalize and control the therapy

Figure 3: Blood pressure and heart rate reduction using barorecep-
tor stimulation therapy (BST) from 1 to 3 volts. Note that acutely
blood pressure was reduced from 210/96 to 144/66 and heart rate
from 71 to 50 beats per minute.

Sympathectomy proved to be effective in reducing blood
pressure immediately postoperatively, and the results were
maintained in the long term in most patients. Sympathec-
tomy was associated with improved survival in the long run.
Notably, in a large observational study of more than 2,000
patients (1,506 splanchnicectomy), survival rates were more

Radiofrequency ablation of sympathetic fibers 

Figure 4: Sympathetic fibers, both efferent and afferent, are found
in the adventitia of renal arteries. These fibers can be ablated using
specialized catheters that deliver radiofrequency energy.

than doubled in patients undergoing sympathectomy, and
the benefits were evident in all stages of hypertension [28]. A
satisfactory blood pressure response was observed in about
half of the patients that underwent splanchnicectomy.





41

Denervierung
Wirkmechanismus 1

Efferente Denervierung

• Renin-Angiotensin-Aldosteron reduzieren

• renalen Gefässwiderstand senken, GFR und RBF erhöhen

• Natriumresorption - und retention reduzieren 

• aber: efferente Nerven wachsen nach
• anatomische oder funktionelle Reinervation

->RR Effekt bleibt!!!
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Denervierung
Wirkmechanismus 2

Afferente Denervierung

• afferente Stimulation ins ZNS reduzieren

• normale Niere: inhibitorischer Input aus pelvinen Mechanorezeptoren

•„kranke“Niere: exzitatorischer Input aus renalen interstitiellen Chemorezeptoren

• wachsen afferente Nerven nach? keine direkten Daten
• Bespiel Herztransplantation, nach 5 Jahren nicht

Tests??



STUDIEN ZUR 
SYMPATHIKUSABLATION

• n =   45, feasibility, nicht randomisiert

• n = 153, HTN 1, open label, randomisiert

• n = 106, HTN 2, randomisiert kontrolliert

• n = 530, US Multicenter Studie  randomisiert ,  doppel 
blind mit Sham Denervation läuft -> 2016



Simplicity
Proof of concept

• 5 RR Medis ( Abb 2, Hypertension 5/2011)

• mittlere GFR 83 ml/min

• 1° Endpunkt: Office RR sys nach 6 Monaten
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Simplicity
Proof of concept

•  Sek Endpunkte: akute und chronische 
Sicherheit der Prozedur

• GFR Abfall >25%

• de novo Nierenarterienstenose > 60%, 
angiografisch bestätigt

• Kombinierter Endpunkt zur kardiovaskulären 
Ereignissen
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Stärken

• Einschluß erst, wenn 2x RR ( 20% so 
ausgeschlossen)

• RR Gerät und Medlogs

• →Ausschluß Hawthorne Effekt und 
Regression zum Mittelwert

• RR Kontrolle mittels ABDM reduziert 
Interobserver Variabilität
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24 Monatsdaten
Änderung der Praxisblutdrucks

versus Baseline

Death
Two patients died within the follow-up period postprocedure.
Neither death was considered by the study investigator or
Data Safety Monitoring Board to be related to the device or
the procedure. The first patient had known coronary artery
disease and died from a myocardial infarction. Clopidogrel
had been stopped after an episode of reversible cerebral
ischemia, which was thought to have occurred secondary to
atrial fibrillation with rapid ventricular response. The second

patient was a 61-year–old female with gastrointestinal dis-
ease and coronary artery bypass grafting who was thought to
have had sudden death.

Discussion
The present analysis has found that the initial reported BP
reduction out to 12 months postrenal sympathetic denervation
procedure has now been observed to persist out to 24 months
of follow-up postprocedure. Furthermore, this larger cohort
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Figure 1. A, Mean systolic and diastolic BP
changes after renal sympathetic denervation
procedure over 24-months of follow-up. Error
bars represent 95% CIs. B, Mean systolic
and diastolic BP changes after renal sympa-
thetic denervation procedure over 24 months
after censoring for medication increases post-
procedure. Error bars represent 95% CIs. C,
Mean systolic and diastolic BP changes after
renal sympathetic denervation procedure over
24 months for only the 18 patients with
24-month follow-up. The baseline BP among
the 18 patients followed for 2 years was 173/
97!18/16 mm Hg. Error bars represent 95% CIs.
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of denervated patients followed for a longer time period
appeared to experience few, if any, adverse effects that could
be attributed to the RF energy application.

It is worth remembering that these large and persistent BP
reductions occurred in patients who, by definition, were
refractory to standard medical therapies. Among this cohort,
92% of patients had a reduction in systolic BP.

The persistence of overall BP lowering out to 2 years is of
considerable clinical and pathophysiological relevance. The
findings of the present study, therefore, suggest that catheter-
based renal denervation results in initial sustained BP reduc-
tion to !24 months. If there is any reinnervation or counter-
regulatory mechanisms, they are not clinically relevant in this
time frame. This is particularly important given the dramatic
BP reduction compared with control reported in the Symplic-
ity HTN-2 Trial.9

A key issue in the clinical application of the procedure is in
prediction of which patients may best respond with regard to
falls in their BP. Although a relatively small cohort of
patients, it was of interest to perform multivariate analysis to
determine independent predictors of BP reductions. It was of
interest that, among baseline variables, only elevated BP and
use of central sympatholytics were predictors. Although the
former is intuitive, the latter does not appear to be so
biologically plausible. With an underlying 90% response rate
in conjunction with the low observed morbidity and the
reasonable cost of the procedure, it is improbable that a
screening demographic or test could be developed that might
be of any clinical value. The search for a screening test to
identify those few patients for which BP is not related to the
sympathorenal axis may principally have scientific value.

The magnitude of BP lowering postprocedure at 24 months
is no less than and appears to be numerically greater than that
observed at 12 months. It is, therefore, of interest to speculate
as to what may be driving this persistence of BP-lowering
effect postprocedure. This may represent a predominant

alteration in afferent signaling induced by the renal denerva-
tion procedure with a resetting of central sympathetic out-
flow, as demonstrated previously.12 This may be associated
with a resetting of the baroreflex around a lower homeostatic
set point. Vascular remodeling may have been reversed over
the 24-month period, with that reversal sustained postproce-
dure. Whatever the mechanism, this appears to override any
functional reinnervation that may be occurring postprocedure.
However, further follow-up of this cohort is required beyond
this time point to ascertain the status of BP lowering over an
even longer time, as well implications regarding the need for
repeat procedure(s).

The other important observation relates to renal function.
Clearly, elevated BP is a major determinant of decline in
renal function; BP lowering will have renoprotective effects.
Bakris et al13 have published a meta-analysis on expected
1-year eGFR decline based on starting systolic BP. The
decline in renal function observed in this 24-month follow-up
analysis is less than would be predicted based on the BP
response achieved, especially so over the first 12 months
postprocedure before the introduction of diuretics, which may
worsen renal function. Therefore, this suggests that there may
be an intrinsic beneficial effect of the procedure on the kidney
to maintain renal function, which is greater than that achieved
via BP reduction alone. Clearly, these findings can only be
considered hypothesis generating, however, because we do
not have a control group in this study, and comparisons are
based entirely on natural history studies from noncontempo-
raneous cohorts.13 Nonetheless, it is interesting to speculate
mechanistically as to why this may be occurring. In particu-
lar, sympathetic nerves drive release of a number of key
hormones regulating renal perfusion and glomerular filtra-
tion, including renin and adenosine. Blockade of renin has
been documented as part of neurohormonal profiling postpro-
cedure in this study.12 Blockade of adenosine (in particular,
A1 receptors in the kidney) has been shown to maintain
glomerular filtration while improving renal blood flow.12

Thus, renal sympathetic denervation theoretically (with some
supporting data from this analysis) would appear to slow the
BP- and time-related decline in eGFR in the hypertension
setting.

The other important observation from this extended
follow-up of renal denervation patients was the ongoing
safety observed within the study. In this report, a larger cohort
of patients is exposed to a longer period of postprocedure
follow-up without any major safety signals emerging. In
particular, in the cohort of 81 patients with 6-month
follow-up imaging, no cases of major de novo renal artery
stenosis have occurred, and only 1 case of progression of an
existing stenosis is described. Even with that single case, it
cannot be determined whether this was specifically related to
the interventional procedure or natural progression of a
baseline stenosis. No cases of renal artery aneurysm and no
cases with cholesterol emboli were documented in this series.
Furthermore, no late clinical sequelae (out to 2 years) could
be attributed to development of renal artery stenosis.

Aldosterone antagonists, such as spironolactone, have been
proposed for patients failing to attain target BP. It should be
noted that, in this cohort, 22% of the patients were already
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Figure 2. Distribution of office systolic BP in patients at base-
line, 12 months, and 24 months.

Krum et al 24-Month Renal Denervation 915

 by guest on October 11, 2011http://hyper.ahajournals.org/Downloaded from 



Sympathikusablation

2IRVINE H. PAGE AND GEORGE J. HEUER

inclusive; ancd the incisioni of the dura mater so as to
expose the spinal cord. With an appropriate instrument
each pair of anterior nerve roots was separated from the
spinal cord as it coursed along this structure and divided
approximately midway between its point of origin and
its union with the posterior roots. Silver clips were
placed across several roots, the division of which was
associated with slight hemorrhage. After completilng the
division of the roots the wvound was closed throughout
with silk. The operation required three hours. The
pulse during operation v-aried between 110 and 90.
Recovery from the operation was uneventful. The

blood pressure fell rapidly and progressively to a level
that was nearly normal. Especially striking was the fall
in diastolic pressure. For the first week after operation
the patient lhad moderate difficulty in evacuatilg her
bowels. This was remedied by use of enemata. The
abdominal muscles vere completely paralyzed. Although
relaxed, when the patient stood up, there was almost no
"pot belly." An abdominal binder was not found neces-
sary. Slhe sooIn learned how to manage the motion of
her trunk without the use of the abdominal musculature.
There was steady improv-ement in the patient's strength

but her emotional volatility contiinued unabated. Her
headaches, palpitations and precordial pain, however,
disappeared.

Laborator, examinations before and aftert
Opceratiola

The renal functioni, as mleasured by the urea
clearance test, was found to be normnal on six

occasions before operation. Nor did it change
significantly following operation. The ability of
the kidneys to concentrate was also not mnarkedly
impaired thouglh the miiaximiiumii non-protein spe-
cific gravity 1 fell fromii 1.027 to 1.019, measure-
miients being made on a 12-hour specimiien voided
at the end of 24 hours without fluids. Neitlher
before nor after operation was there ani inicrease
in the numiber of red blood cells or casts counted
in Addis sedimenit test specimens of urine. Sugar
was not found in the urine.
The l)lasma proteins were normal as was the

lhemiioglobin. The latter fell slightly followiiig
operation but quickly returnied to normiial.
The basal metabolic rate was normal both be-

fore and after ol)eration.
An electrocar(liogramii takeni about twA7o miionitlhs

l)efore operation showedl the following clharacter-
istics: T waves +++, conduction timiie 0.17 sec-
onds, R:1 split, lowv voltage anid niormiial rlhytlhmii.
Anotlher record taken two montlhs after operation
showed: T waves ++-, conduction tillme 0.16,
R split and normiial rhythm.
A miiuscle biopsy remiioved from the lumbar

1 Obtained by subtracting 0.003 from the total specific
gravity for each one per cent of protein (6).

FIG. 2.
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Ergebnisse 2
Nebenwirkungen

• 97% keine ( 149/153)

• Schmerzen

• Bradykardie

• 1 Nierenarteriendissektion ( Stent; bei 
Katheterplazierung, vor Ablation)

• Pseudoaneurysma/Leistenhämatom
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Schwächen

• Sample size zu gering 

• Follow up zu kurz für harte Endpunkte

• keine Sham Denervation

• keine Verblindung

• RR Senkung ABDM nur 1/3 des Office RR

• kein Ausschluss sekundärer 
Bluthochdruckformen
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between-group change and average of! ce-based mea-
surements of blood pressure from baseline to 6 months 
after randomisation. Secondary end points were acute 
procedural safety, chronic procedural safety (reduction of 
eGFR >25% or new renal artery stenosis >60% con! rmed 
by angiogram at 6 months) and a composite end point 
including cardiovascular events, 24 h ambulatory blood 
pressure and home-based blood pressure measurements.

Findings
Of 52 patients, 49 who underwent renal denervation as 
well as 51 of 54 controls were assessed for the primary 
end point at 6 months. Renal denervation lowered systolic 
blood pressure by mean 32±23 mm Hg from a baseline 
of mean 178±18 mm Hg, whereas systolic blood pres-
sure remained at 178±16 mm Hg in the control group. 
Eighty-four per cent of patients who underwent renal 
denervation had a reduction in systolic blood pressure of 
10 mm Hg or greater. There were no serious procedural-
related or device-related complications, and occurrence 
of adverse events did not differ between the groups.

Commentary
This randomised trial adds support to the non-randomised 
preliminary study indicating that catheter-based renal 
sympathetic denervation in patients with resistant essen-
tial hypertension is safe and lowers systolic blood pres-
sure by 27–32 mm Hg, whereas the eGFR remains stable.3 
As other factors (renin–angiotensin–aldosterone system, 
sodium, volume and vascular hypertrophy) contribute to 
the maintenance of hypertension, most of these patients 
will continue to require antihypertensive therapy. Of note, 
16% of patients who underwent catheter-based renal den-

ervation had systolic blood pressure reductions of less 
than 10 mm Hg and were deemed ‘non-blood pressure 
 responders’. As centrally mediated sympathetic out" ow 
contributes to resistant hypertension, predicting which 
patients will respond to renal denervation may be made 
more speci! c by testing blood pressure response to the 
administration of oral clonidine (0.1 mg orally every 
12 h for 1 week).4 Pilot studies indicate that patients who 
respond to clonidine with at least a 10 mm Hg lowering 
in systolic blood pressure subsequently respond to renal 
denervation with even greater arterial pressure lowering. 
For appropriately selected patients, attenuation of hyper-
tension of this magnitude makes the renal nerves a poten-
tial therapeutic target that warrants continued study. If 
catheter-based renal sympathetic denervation is shown to 
be safe and effective in large randomised trials, this new 
strategy has the potential to be widely used in treating 
hypertension and disorders associated with increased renal 
sympathetic activity of afferent and efferent nerves.4

Competing interests None.
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Randomised controlled trial

Catheter-based renal sympathetic denervation reduces 
systolic blood pressure by 32 mm Hg in people with 
treatment-resistant hypertension

Richard E Katholi,1 Krishna J Rocha-Singh1

Context
The kidney plays an essential role in the regulation of 
blood pressure through sodium, volume, renin modula-
tion and renal-sympathetic neuronal interactions. Over 
many years, the contribution of the renal nerves has been 
investigated by renal denervation in experimental animal 
models and by mainly indirect techniques in humans.1 2 
Depending on the setting, the contribution to hyperten-
sion may be mediated mainly by activation of the efferent 
or afferent sympathetic renal nerves which lie within and 
immediately adjacent to the wall of the renal arteries. As 
the causative factors of hypertension change over time, 
denervation of efferent and afferent nerves should result in 
long-term attenuation of hypertension. The importance of 
the renal nerves in patients with resistant essential hyper-
tension can now be de! ned with percutaneous, minimally 

Commentary on: Esler MD, Krum H, Sobotka PA, et al.; Symplicity HTN-2 Investigators. Renal 
sympathetic denervation in patients with treatment-resistant hypertension (The Symplicity HTN-2 
Trial): a randomised controlled trial. Lancet 2010;376:1903–9.

invasive renal denervation from within the renal artery 
using radiofrequency energy as a therapeutic strategy.

Methods
This was an international, multicentre, randomised study 
of the safety and effectiveness of renal denervation in 
patients with treatment-resistant hypertension con-
ducted in several European countries, New Zealand and 
Australia. A total of 160 patients, aged 18–85 years, with 
a systolic blood pressure of 160 mm Hg or greater despite 
compliance with three or more antihypertensive drugs 
were randomised either to catheter-based renal dener-
vation with the Symplicity Catheter System (Ardian, 
Mountain View, California, USA) or to the control group 
who received medication only. The primary outcome was 
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ducted in several European countries, New Zealand and 
Australia. A total of 160 patients, aged 18–85 years, with 
a systolic blood pressure of 160 mm Hg or greater despite 
compliance with three or more antihypertensive drugs 
were randomised either to catheter-based renal dener-
vation with the Symplicity Catheter System (Ardian, 
Mountain View, California, USA) or to the control group 
who received medication only. The primary outcome was 
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Ergebnisse
Nierenfunktion

• nach 1 Jahr +0,1 bis - 2,9 ml/min 
(n=102)

• nach 2 Jahren ( n= 10!) 

• → -16 ml/min ( neues Diuretikum)

• → -7,8 ml/min ( 3,9 ml/min/Jahr)
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Therapieresistenz bestätigen

Pseudoresistenz 
ausschliessen

Lifestyle/Medikation 
optimieren

Hypertoniespezialist

Sympathikusablation erwägen

Follow up-> Nierenfunktion
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Sollen übergewichte Patienten, die 
zuviel Kochsalz essen eine 

Sympathikusablation erhalten???



at maximum exercise was reduced by 21 ! 20/5 ! 14 mm Hg
(p " 0.0001 for SBP; p # 0.033 for DBP). RD reduced blood
pressure at all stages of exercise (Fig. 2), whereas there were no
changes in the control group. Furthermore, SBP and DBP 2
min after termination of exercise were significantly reduced by
29 ! 17/8 ! 15 mm Hg (p " 0.0001 for SBP; p # 0.002 for
DBP). A decrease of "10 mm Hg of resting SBP was noticed
in 4 patients (11%) who underwent RD. However, 2 of these
nonresponders had a reduction of maximum SBP during
exercise of 17 and 65 mm Hg, respectively. Twenty-four
patients (65%) in the RD group achieved blood pressure

control with a resting SBP of "140 mm Hg at 3-month
follow-up. However, decrease of SBP at maximum exercise
was not different in these patients versus others in the RD
group (22 ! 19 mm Hg vs. 21 ! 21 mm Hg; p # 0.919).

Peak oxygen uptake (VO2peak) was different between the
groups at baseline and after 3 months. The peak respiratory
exchange rate (RER) at 3 months was 1.06 in both groups,
without any significant changes compared with the baseline
values (p # 0.082 in RD; p # 0.468 in control), indicating
a comparable subjects’ effort stage. At baseline, VO2 at the
anaerobic threshold (VO2AT) was 12 ! 2 ml/min/kg in the

Baseline CharacteristicsTable 1 Baseline Characteristics

All Patients
(N ! 46)

Renal Denervation
(n ! 37)

Control Group
(n ! 9) p Value*

Age, yrs 60.2 ! 9.1 59.1 ! 9.4 64.9 ! 6.4 0.087

Male 32 (70%) 25 (68%) 7 (79%) 0.561

Resting SBP, mm Hg 171 ! 24 172 ! 24 166 ! 23 0.507

Resting DBP, mm Hg 93 ! 18 94 ! 19 90 ! 7 0.579

Heart rate at rest, beats/min 73 ! 13 73 ! 14 74 ! 9 0.282

eGFR, ml/min/1.73 m2 69 ! 23 70 ! 24 64.5 ! 16 0.510

BMI, kg/m2 31.5 ! 5.1 31.8 ! 5.2 30.2 ! 4.6 0.391

Type 2 diabetes 18 (39%) 16 (43%) 2 (22%) 0.247

Coronary artery disease 7 (15%) 4 (11%) 3 (33%) 0.092

Hypercholesterolemia 29 (63%) 21 (57%) 8 (89%) 0.073

Number of antihypertensive drugs 5.7 ! 1.4 5.9 ! 1.4 5.0 ! 1.2 0.119

Patients receiving, drug class

ACE inhibitors/ARBs 42 (91%) 33 (89%) 9 (100%) 0.302

Direct renin inhibitors 13 (28%) 10 (27%) 3 (33%) 0.499

Beta-blockers 42 (91%) 33 (89%) 9 (100%) 0.405

Calcium-channel blockers 37 (80%) 31 (84%) 6 (67%) 0.427

Diuretics 40 (87%) 33 (89%) 7 (78%) 0.642

Sympatholytics 26 (57%) 22 (60%) 4 (44%) 0.328

Values are mean ! SD or n (%). *For comparison between groups, the Pearson chi-square test or Wilcoxon rank sum test was performed.
ACE # angiotensin-converting enzyme; ARB # angiotensin receptor blocker; BMI # body mass index; DBP # diastolic blood pressure; eGFR #

estimated glomerular filtration rate; SBP # systolic blood pressure.

Resting and Exercise MeasurementsTable 2 Resting and Exercise Measurements

Renal Denervation Group Control Group

p Value†Baseline 3 Months Change p Value* Baseline 3 Months Change p Value*

SBP at rest, mm Hg 172 ! 24 141 ! 21 $31 ! 19 "0.0001 166 ! 23 166 ! 25 0 ! 17 0.954 "0.0001

DBP at rest, mm Hg 94 ! 19 85 ! 16 $9 ! 13 "0.0001 90 ! 7 89 ! 9 $1 ! 5 0.455 0.104

Heart rate at rest, beats/min 73 ! 14 69 ! 11 $4 ! 11 0.028 74 ! 9 73 ! 9 $1 ! 8 0.782 0.360

VO2AT, ml/min/kg 12 ! 2 13 ! 3 1 ! 2 0.052 14 ! 4 13 ! 3 $1 ! 2 0.573 0.148

Maximum work rate, W 123 ! 36 128 ! 41 5 ! 13 0.029 130 ! 26 132 ! 29 2 ! 15 0.718 0.568

SBP at peak exercise, mm Hg 226 ! 26 205 ! 26 $21 ! 20 "0.0001 227 ! 16 229 ! 10 2 ! 10 0.542 0.001

DBP at peak exercise, mm Hg 104 ! 20 99 ! 17 $5 ! 14 0.033 104 ! 11 100 ! 9 $4 ! 10 0.324 0.725

Heart rate at peak exercise, beats/min 118 ! 19 115 ! 19 $3 ! 11 0.141 125 ! 25 125 ! 27 0 ! 12 0.936 0.570

VO2peak, ml/min/kg 19 ! 4 19 ! 5 0 ! 2 0.486 20 ! 4 21 ! 5 1 ! 2 0.376 0.641

Peak RER 1.03 ! 0.10 1.06 ! 0.10 0.03 ! 0.10 0.082 1.08 ! 0.10 1.06 ! 0.10 $0.02 ! 0.10 0.468 0.159

Peak minute ventilation, l/min 56 ! 14 58 ! 17 2 ! 9 0.209 57 ! 12 55 ! 12 $2 ! 8 0.535 0.281

VE/VCO2 slope 26.7 ! 5.7 27.4 ! 4.8 0.7 ! 7 0.514 27 ! 3.3 25.6 ! 4.3 $1.4 ! 2.0 0.116 0.349

SBP at recovery, mm Hg 203 ! 24 174 ! 20 $29 ! 17 "0.0001 196 ! 17 201 ! 14 6 ! 17 0.339 "0.0001

DBP at recovery, mm Hg 99 ! 16 91 ! 15 $8 ! 15 0.002 92 ! 10 92 ! 8 $1 ! 9 0.476 0.144

Heart rate recovery, beats/min 16 ! 9 20 ! 10 4 ! 7 0.009 22 ! 9 20 ! 8 $2 ! 6 0.928 0.048

Values are mean ! SD. *p value # baseline versus 3-month follow-up. †p value # renal denervation group versus control group.
RER # respiratory exchange rate; VE/VCO2 # minute ventilation – carbon dioxide output relation; VO2 # oxygen uptake; VO2AT # oxygen uptake at anaerobic threshold; VO2peak # peak oxygen uptake;

other abbreviations as in Table 1.
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PATIENTENCHARAKTERISTIKA

• Alter, weiblich

•Diabetes Mellitus

• Übergewicht

• Chronische Niereninsuffizienz

• Hoher Salzkonsum

• linksventrikuläre Hypertrophie



• Renal artery diameter, renal function and resistant hypertension in patients with low-
to-moderate renal artery stenosis

Zanoli, Luca; Rastelli, Stefania; Marcantoni, Carmelita; Tamburino, Corrado; Laurent, Stephane; Boutouyrie, Pierre; Castellino, Pietro
Published Ahead-of-Print

Abstract

Background: Atherosclerotic renovascular disease is associated with resistant hypertension and chronic kidney disease, although the causal relationship is discussed. 
To date, the role of renal artery diameter on these pathological conditions was not clearly studied. We aimed to identify the association of reference diameter and 
minimal luminal renal artery diameter with glomerular filtration rate (GFR) and resistant hypertension in a high cardiovascular risk population.

Methods: In this cross-sectional, single-center study, we enrolled 734 patients who underwent a renal angiography immediately after a coronary angiography indicated 
for a diagnosis of ischemic heart disease.

Results: Mean age was 64 +/- 10 years (men 72%). GFR was 79 +/- 22 ml/min per 1.73 m2. Five hundred and eighteen patients had no luminal narrowing and 216 
patients had low-to-moderate luminal narrowing (10-70%, mean 36%). A positive significant association between reference diameter and GFR was detected in patients 
without luminal narrowing [beta 2.2 ml/min per 1.73 m2 for 1 mm increase, 95% confidence interval (CI) 0.3-4.0, P < 0.05] and in those with low-to-moderate luminal 
narrowing (beta 7.7 ml/min per 1.73 m2 for 1 mm increase, 95% CI 4.2-11.1, P < 0.001). The lowest quartile of reference diameter (<5.2 mm) was associated with GFR 

less than 60 ml/min per 1.73 m2 [odds ratio (OR) 3.18, 95% CI 1.61-6.29, P < 0.001]. Patients with resistant hypertension had low 
minimal diameter and reference diameter. Reference diameter less than 5.2 mm was 
associated with an increased risk of resistant hypertension (OR 2.63, 95% CI 1.02-6.77, 
P < 0.05).
Conclusions: Small renal arteries, defined by a low reference diameter or minimal luminal 
diameter, are independently associated with low GFR and resistant hypertension, 
independent of the degree of stenosis and major confounders.
(C) 2012 Lippincott Williams & Wilkins, Inc.



IST HYDROCHLOROTHIAZID EIN  
SINNVOLLES  ANTIHYPERTENSIVUM?

• seit 1958

• RR Senkung mies 
(6,5/4,5 mmHg)

• geringste Adherenz bei 
Diuretika

• keine Outcomedaten 0
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KONTROLLRATEN 

➡ nach 5 Jahren 34% unkontrolliert mit 2  Medik.

➡ am Studienende 27% ≧ 3 Medik.

➡ 50% mit 1-2 Medik. kontrolliert

➡ d.h. > 50% brauchen ≧ 3 Medik.

ALLHAT n = 40000



KONTROLLRATEN 

➡ 32 % systolisch 

➡ 89 % diastolisch
➡ 29 % beides

Framingham n = 1959
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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

(a)

Renal nerves and the SNS

Efferent sympathetic activation

Patients cannot develop
and/or maintain elevated BP
without renal involvement

↑ Vasoconstriction ↑HR
↑ Contractility

↓ RBF/GFR
↑ Renin

↑ Na+/volume

(b)

Figure 6: Afferent and efferent sympathetic innervations of the kidney.

87% had a reduction
in SBP ≥ 10 mmHg
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Results: blood pressure reduction

Figure 7: Blood pressure response following bilateral renal sympa-
thetic denervation using a radiofrequency ablation catheter.

This proof-of-concept study opens new avenues in the
treatment of resistant hypertension. The study provided the
first evidence that catheter-based ablation of renal sympa-
thetic fibers is safe and effective. Only two adverse effects
occurred (one renal artery dissection and one femoral artery
pseudoaneurysm). These were complications related to the
percutaneous technique and not to radiofrequency ablation.
Postprocedural anatomic adverse events were evaluated by
renal angiography at one month in 18 patients and renal
magnetic resonance angiography (MRA) at six months in

Right kidney
Left kidney

Mean systolic/
Diastolic office
Blood pressure

141/90 mmHg161/107 mmHg

30 days after bilateral
denervation

Baseline

PRA: 0.3 0.15 RPF: 719 1126 mL/min
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Kidney spillover

Figure 8: Noradrenalin spillover of both the right and the left
kidneys at baseline and 30 days after sympathetic renal denervation.

14 patients. The study is important because it demonstrates
for the first time in humans that RSD can reduce blood
pressure in a safe way and results are sustained in the
long term. In fact follow-up data in an expanded group of
patients (N = 153) indicate that blood pressure lowering is
maintained for >2 years after the procedure with favorable
target organ consequences.

Although these results were impressive, the study created
several concerns and many questions were left to be explored:
There was no proper control group, since the study was
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Figure 5: Schematic representation of sympathetic innervations of the kidney.

The two major limitations of splanchnicectomy were the
required surgical expertise and the frequent adverse events
occurring with this procedure. Adverse events were common,
annoying, some of them serious, and included orthostatic
hypotension, orthostatic tachycardia, palpitations, breath-
lessness, anhidrosis, cold hands, intestinal disturbances, loss
of ejaculation, sexual dysfunction, thoracic duct injuries, and
atelectasis. The advent of effective antihypertensive therapy
made surgical sympathectomy unattractive and undesirable
for most patients.

4. Current Use of Renal Sympathetic
Denervation (RSD)

Renal sympathetic denervation presents a major improve-
ment with several significant advantages over the radical
sympathectomy that was performed five decades ago. It
is a localized procedure, minimally invasive, and has no
systematic side effects, and the procedural and recovery
times are very short (see Figure 4). The technique was
pioneered by Sobotka, Krum, and others who performed the
first study of catheter-based RSD [14]. The study included

50 patients with resistant hypertension, with 45 of them
fulfilling eligibility anatomical criteria. Renal sympathetic
ablation was achieved using a radiofrequency ablation
catheter inserted through the femoral artery and selectively
engaging the renal artery bilaterally (Symplicity, Ardian
Inc., Palo Alto, Calif, USA). This proof-of-principle trial
was carried out in patients with resistant hypertension
(i.e., systolic blood pressure ≥160 mmHg on three or more
antihypertensive medications, including a diuretic). The
primary objective of the study was safety and efficacy.
The primary endpoint was change in office blood pressure
at 1, 3, 6, 9, and 12 months after the procedure. Renal
angiography was done before, immediately after, and 14–30
days after procedure, and magnetic resonance angiogram 6
months after the procedure in some patients. The efficacy
of RSD was confirmed in a subgroup of 10 patients by the
use of noradrenaline spillover technique. Renal sympathetic
ablation resulted in impressive blood pressure reductions
that were maintained during the 12-month follow-up period
(Figure 7). Five patients that were ineligible for the study due
to anatomical reasons were used as controls; blood pressure
in these patients gradually increased during the follow-up
period.
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SIMPLICITY
PROOF OF CONCEPT

• 24 Zentren, 106 pt, 18-85 Jahre

• RR >160, >150 , falls Diabetes Typ2

• >3 Antihypertensiva , Diuretikum incl.

• Ex: GFR <45ml/min, abnormale Anatomie

• 1° Endpunkt: Office RR sys nach 6 Monaten
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mentation (16.5%, 15.7%, and 7.7%; P!0.003) compared with
carbohydrate control.

Discussion
This randomized, controlled trial indicates that compared
with carbohydrate intake, both soy protein and milk protein
supplementation reduce systolic BP among individuals with
prehypertension or stage 1 hypertension. The effect on BP
reduction was not significantly different between soy protein
and milk protein. To the best of our knowledge, this is the
first randomized, controlled trial aimed at directly comparing
the effect of vegetable protein (soy), dairy protein (milk), and

carbohydrate on BP. These study findings may have impor-
tant public health and clinical implications. It was estimated
that a 2-mm Hg reduction in population systolic BP could
lead to a 6% reduction in stroke mortality, 4% reduction in
coronary heart disease mortality, and 3% reduction in all-
cause mortality.4

The effect of soy protein on serum lipids has been well
documented13; however, the effect of soy protein on BP has
not been well studied. Washburn and colleagues14 compared
the effect of 20 g of soy protein given either in 1 dose or in
2 doses with that of 20 g of complex carbohydrates on
cardiovascular disease risk factors and menopausal symptoms
among 51 women in a randomized, controlled trial. They
observed a significant reduction in diastolic but not systolic
BP in the twice-daily soy protein group only. Burke and
colleagues9 reported that mean 24-hour ambulatory systolic
and diastolic BP decreased significantly in those assigned to
soy protein supplementation compared with control subjects
on a low-protein diet among 41 treated hypertensive patients
in a randomized, controlled trial. He and colleagues10 re-
ported a significant reduction in systolic and diastolic BP
among participants assigned to 40 g of soy protein per day
compared with those assigned to carbohydrate control in a
randomized, controlled trial of 302 Chinese participants with
prehypertension or stage 1 hypertension. The present study
provides further evidence that soy protein supplementation
reduces BP and supports the notion that vegetable protein
intake can be an important component of nutritional interven-
tions for the prevention of hypertension.7

A diet that is rich in low-fat dairy products has been shown
to reduce BP in clinical trials.15,16 The BP-lowering effect of
dairy products has been hypothesized to be due to the high
content of calcium and potassium in dairy products.17 To the
best of our knowledge, this is the first clinical trial to
document that milk protein lowers BP in prehypertension and
stage 1 hypertension individuals. In the present study, cal-
cium and potassium were matched among the soy protein,
milk protein, and carbohydrate control groups. Therefore, the
observed BP reduction in the present study was due to milk
protein, not the calcium or potassium in these supplements.
The OmniHeart randomized trial demonstrated that partial
replacement of carbohydrate with protein (approximately half
vegetable and half animal protein) reduced BP in adults with
prehypertension or stage 1 hypertension.18 In addition, an
8-week randomized, parallel-design trial documented that

Table 5. Mean (95% CI) Systolic and Diastolic BP According to Intervention Phase

Soy Protein Milk Protein Carbohydrate P

Systolic BP, mm Hg

Beginning 126.1 (125.0–127.3) 125.9 (124.7–127.0) 125.2 (124.1–126.3) 0.26

Termination 124.6 (123.4–125.8) 124.3 (123.1–125.5) 125.9 (124.7–127.1) 0.002

Difference (95% CI) "1.5 ("2.4 to"0.6) "1.8 ("2.7 to"1.0) 0.5 ("0.4 to 1.3) 0.0007

Diastolic BP, mm Hg

Beginning 81.4 (80.7–82.2) 81.7 (80.9–82.4) 81.5 (80.8–82.2) 0.81

Termination 81.0 (80.3–81.8) 81.1 (80.3–81.9) 81.8 (81.0–82.5) 0.13

Difference (95% CI) "0.2 ("0.9 to 0.5) "0.5 ("1.2 to 0.2) 0.3 ("0.4 to 0.9) 0.27

CI indicates confidence interval; BP, blood pressure.

Figure 2. Net changes (95% confidence interval) in systolic and
diastolic blood pressure (BP) associated with dietary protein
supplementations.
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SYMPATHIKUSABLATION



Hauptergebnis

• RR nach 6 Monaten um 32/12 mmHg gesenkt

• dramatische Reduktion kardiovaskulärer 
Ereignisse 
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Sympathikusablation
Wirkmechanismus

Renaler Plasmafluss

Natriumreabsorption

Natriurese

Reninaktivität


