December 7, 2009

151

EUROPEAN JOURNAL OF MEDICAL RESEARCH

Eur J Med Res (2009) 14(Suppl. IV): 151-155

© I. Holzapfel Publishers 2009

SYMPATHETIC HYPERACTIVITY INFLUENCES CHEMOSENSOR FUNCTION IN
PATIENTS WITH END-STAGE RENAL DISEASE
C. Meyer 1, P. Schueller 1, J. Balzer 1, T. Lauer 1, R. Westenfeld 1, P. Schauerte 2, M. Hennersdorf 3,
S. Steiner 1, M. Kelm1, T. Rassaf 1
1 Division of Cardiology, Pulmonology and Angiology, University of Duesseldorf,
2 Division of Cardiology and Pulmonology, RWTH Aachen University,
3 Medical Clinic I, SLK-Kliniken Heilbronn, Germany

Abstract
Background: Autonomic neuropathy is common in patients suffering from end-stage renal disease (ESRD).
This may in part explain the high cardiovascular mortality in these patients. Chemosensory function is involved in autonomic cardiovascular control and is
mechanistically linked to the sympathetic tone.
Objective: The aim of the present study was to assess
whether sympathetic hyperactivity contributes to an altered chemosensory function in ESRD.
Material and methods: In a randomized, doublemasked, placebo controlled crossover design we studied the impact of chemosensory deactivation on heart
rate, blood pressure and oxygen saturation in 10
ESRD patients and 10 age and gender matched controls. The difference in the R-R intervals divided by
the difference in the oxygen pressures before and after deactivation of the chemoreceptors by 5-min inhalation of 7 L oxygen was calculated as the hyperoxic chemoreflex sensitivity (CHRS). Placebo consisted
of breathing room air. Baseline sympathetic activity
was characterized by plasma catecholamine levels and
24-h time-domain heart rate variability (HRV) parameters.
Results: Plasma norepinephrine levels were increased
(1.6 ± 0.4 vs. 5.8 ± 0.6; P<0.05) while the SDNN
(standard deviation of all normal R-R intervals: 126.4
± 19 vs. 100.2 ± 12 ms), the RMSSD (square root of
the mean of the squared differences between adjacent
normal R-R intervals: 27.1 ± 8 vs. 15.7 ± 2 ms), and
the 24-h triangular index (33.6 ± 4 vs. 25.7 ± 3; each
P<0.05) were decreased in ESRD patients as compared to controls. CHRS was impaired in ESRD patients (2.9 ± 0.9 ms/mmHg, P<0.05) as compared to
controls (7.9 ± 1.4 ms/mmHg). On multiple regression analysis 24 h-Triangular index, RMSSD, and plasma norepinephrine levels were independent predictors
of an impaired hyperoxic CHRS.
Conclusion: Sympathetic hyperactivity influences chemosensory function in ESRD resulting in an impaired
hyperoxic CHRS.
Key words: chemoreflexes, end-stage renal disease,
nervous system, sympathetic

INTRODUCTION

Autonomic neuropathy is common in patients with
end-stage renal disease (ESRD). This may in part explain the high cardiovascular mortality in these patients [1-4]. The underlying mechanisms of a sympathetic-parasympathetic imbalance in ESRD are still
not fully understood. Previous reports demonstrated
that sympathetic activation in ESRD involves firing of
afferent renal nerve fibres, activation of the renin-angiotensin system, and decreased nitric oxide bioavailability [5]. A causal link between tonic chemoreflex activation and an increased efferent sympathetic activity
to muscle circulation has recently been reported [6].
Deactivation of peripheral chemosensors by inhalation of pure oxygen, leads to sympathetic withdrawal
and a subsequent decrease of heart rate [6, 7]. Impairment of this desensitization, as a consequence of tonic chemoreflex activation, has been demonstrated to
be a predictor of ventricular tachyarrhythmias. The
hyperoxic cardiac chemoreflex sensitivity (CHRS) reflects the relative decrease of R-R intervals during administration of concentrated O2 and characterizes the
deactivation of carotid and/or aortic chemoreceptors.
The aim of the present study was to assess whether
sympathetic hyperactivity influences chemosensory
function in ESRD.

MATERIAL AND METHODS
STUDY DESIGN

The study was approved by a local Ethics Committee.
In a randomized, double-masked, placebo controlled
crossover design we studied the impact of chemosensory deactivation on heart rate, blood pressure, and
oxygen saturation by 5-min inhalation of 100% oxygen in 10 ESRD patients and 10 age and gender
matched controls. We assessed whether the resting
sympathetic tone, as measured by baseline plasma catecholamine levels and time-domain heart rate variability (HRV) parameters, contributes to chemosensory activation in ESRD resulting in an impaired hyperoxic
CHRS. Placebo consisted of breathing room air.
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PATIENTS

Patients with ESRD (21 - 80 years) who had been on
chronic hemodialysis for at least 6 months were investigated. Other cardiovascular risk factors and pre-existing cardiovascular disease did not preclude from
participation in the study. Exclusion criteria were congestive heart failure with a cardiac ejection fraction of
<35%, acute inflammation (C-reactive protein >5
mg/l), chronic pulmonary diseases, diabetes mellitus,
neurocardiogenic syncope, sleep apnoea syndrome,
hyperthyroidism, and heart rhythm other than sinus
(Table 1).
Table 1. Baseline characteristics.

Age, yr
Male sex, n
Hx hypertension, n
Hx dyslipidemia, n
Hx smoking, n
Hx CAD, n
Hx CVD, n
Hemoglobin, g/l
Medication, n (%)
Alpha-blockers
Beta-blockers
ACE-inhibitors/ AT-II-antagonists
Calcium antagonists
Central sympatholytic agents
Isosorbide dinitrate
Diuretics
Statins

Controls
(n=10)

ESRD
(n=10)

62±6
6
7
8
6
5
4
132±7

65±4
6
7
7
5
4
1
126±4

3
6
6
5
0
3
7
7

1
5
6
2
2
1
5
5

Hx, indicates history of; CAD, coronary artery disease; CVD,
cerebrovascular disease; Values are means ±SE.

MEASUREMENTS OF HEART RATE, BLOOD PRESSURE,
STANDARD CLINICAL BLOOD PARAMETERS, AND
SYMPATHETIC ACTIVITY

Blood pressure was measured non-invasively with a
sphygmomanometer cuff. Blood was drawn after a 30
min resting period through large-bore angiocatheters
(18 gauge) to prevent artefact hemolysis. The first 3 ml
of blood was discarded, and the blood then slowly
drawn into prechilled tubes. Standard clinical blood
parameters including renal function were immediately
analyzed in a central laboratory using standard techniques [8]. Plasma norepinephrine and epinephrine
were quantified by high-performance liquid chromatography. The tubes were kept on ice until centrifugation at 4°C. Plasma samples were stored at -70°C
until assayed. Heart rate was measured continuously
by a 12-channel electrocardiogram (ECG). Additionally, the mean R-R interval was calculated from 10 consecutive R-R intervals. HRV time-domain measures
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were determined from an ambulatory 24-h ECG in the
day without hemodialysis in order to avoid the influence of the hemodialysis session on HRV parameters.
The following HRV parameters, which are considered
to be standardized in the general population, were calculated for each patient to characterize cardiac sympathetic-parasympathetic control: (i) the 24-h SD of normal R-R intervals (SDNN, ms), as a global measure of
HRV; (ii) The SD of the average normal R-R interval
for all 5-min segments of a 24-h ECG recording
(SDANN, ms); and (iii) the square root of the mean of
the squared differences between adjacent normal R-R
intervals (RMSSD, ms); (iv) The Triangular index, a
time-domain geometric measure.
CHEMOSENSORY DEACTIVATION

To characterize the effect of chemosensory deactivation on heart rate, blood pressure, and oxygen saturation, we determined the venous partial oxygen pressure (pO2), before and after breathing oxygen and
room air, respectively, via a nose mask. Baseline measurements were taken after patients were recumbent for
a period of 10 min. Pure oxygen or room air was then
administered via a nose mask for 5 min. Following a
30-min recovery, the identical protocol (10 min of
baseline followed by a double-blinded administration
of either 100% oxygen or room air via a nose mask)
was repeated.
Oxygen saturation was monitored with a pulse
oximeter. Partial oxygen pressure was determined using a blood gas analyser (Radiometer Copenhagen).
Conversation was only allowed during the 30-min recovery in order to minimize mental influences. The
difference in the R-R intervals in the ECG before and
after inhalation of pure oxygen divided by the difference in the oxygen pressures were calculated as the
CHRS [ms/mmHg]. A CHRS below 3.0 ms/mm Hg
was defined as pathological as reported earlier [9, 10].
Measurements were performed after an overnight fasting period in a noise protected room of constant temperature.
STATISTICAL ANALYSIS

After testing for normal distribution, group comparisons were calculated using Student t tests or MannWhitney U-tests for continuous variables as appropriate. Categorical data were analysed by Chi2 with Fisher´s exact test. Correlations were determined with regression (r) analysis coefficient. Multivariate analysis
for CHRS prediction was assessed using a multiple regression model. Data are presented as means ±SEM
for continuous variables or as a percentage of patients
for categorical variables. A two-sided P<0.05 was considered significant. Statistical analysis was done with
SPSS software for windows version 14.0 (SPSS, Chicago, IL). This trial is registered with ClinicalTrials.gov,
number NCT00794872.

RESULTS

Age, gender, cardiovascular risk factors, or concomitant drug therapy did not differed between the control
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and ESRD subjects (Table 1). ESRD resulted from
nephrosclerosis (n = 1), polycystic kidney disease (n =
2), suspected glomerulonephritis (n = 2), and hypertensive/vascular renal damage (n = 5). The average
dialysis vintage was 26±9 months. None of the
patients had received blood transfusions during the
preceding 6 months. Plasma norepinephrine levels
were significantly higher in ESRD patients and
time-domain HRV parameters indicated a relative predominance of sympathetic activation in ESRD
(Table 2).
Table 2. Sympathetic tone, as measured by baseline plasma
catecholamine levels and 24-h heart rate variability, in endstage renal disease (ESRD) patients and controls.

Plasma catecholamine levels
Norepinephrine, nmol/L
Epinephrine, pmol/L
Heart rate variability
SDNN, ms
SDANN, ms
RMSSD, ms
Triangular index
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Controls
(n = 10)

ESRD
(n = 10)

1.6 ± 0.4
342 ± 75

5.8 ± 0.6*
742 ± 281

126.4 ± 19
121 ± 20
27.1 ± 8
33.6 ± 4

100.2 ± 12*
95.7 ± 10
15.7 ± 2*
25.7 ± 3*

Values are means ±SEM. *P<0.05.

CHEMOSENSORY DEACTIVATION

None of the patients were hypoxemic at baseline or after oxygen inhalation, with oxygen saturation values
ranging from 96% to 100%. Baseline oxygen saturation
and heart rate in patients with ESRD were not significantly different from those observed in controls. After
chemoreflex deactivation by inhalation of 100% oxygen
the venous pO2 of all subjects increased from 34±2
mmHg to 65 ± 2 mmHg (P<0.001) resulting in an increased R-R interval (936.9 ± 19.9 ms vs. 974.9 ± 23.3
ms; P<0.001). After room air administration pO2 and
heart rate did not change in ESRD patients (Table 3) or
controls (Table 4) but differed from the values obtained
after chemosensory deactivation (P<0.05) indicating a
tonic chemosensory activation in ESRD.
HYPEROXIC CHEMOREFLEX SENSITIVITY

The hyperoxic CHRS values determined in controls
were comparable to those obtained previously in
healthy persons [11]. CHRS was significantly impaired
in patients with ESRD (2.9 ± 0.9 ms/mmHg, P<0.05),
as compared with controls (7.9 ± 1.4 ms/mmHg; Figure). A chemoreflex sensitivity below 3 ms/mmHg
was found in 8 ESRD patients and in 2 controls. No
differences were observed in baseline clinical parameters between patients with and without a CHRS below
3 ms/mmHg. Comparisons of CHRS according to
medication (alpha-blockers, beta-blockers, ca-antagonists, ACE-inhibitors/AT-II-antagonists) or history
(hypertension, coronary artery disease) failed to reveal
any significant difference between those patients.

Table 3. Effects of 100% oxygen and room air administration in end-stage renal disease patients.
100% oxygen
Before
After

Heart rate, bpm
R-R interval, ms
PO2, mmHg
Oxygen saturation, %
MAP, mmHg

70 ± 2
929 ± 8
33.1 ± 3.8
97 ± 1
91 ± 3

67 ± 2*
970 ± 29*
50.8 ± 5.5*
98 ± 1
89 ± 2

Before

Room air

68 ± 3
882 ± 9
32.7 ± 2.9
97 ± 1
94 ± 2

After

67 ± 2
895 ± 10
33.1 ± 3.2
97 ± 1
93 ± 3

*P<0.05 vs. before oxygen administration. Values are means ± SEM.
Table 4. Effects of 100% oxygen and room air administration in controls.
Before
Heart rate, bpm
R-R interval, ms
PO2, mmHg
Oxygen saturation, %
MAP, mmHg

100% oxygen

65 ± 3
940 ± 31
36.5 ± 2.5
98 ± 1
93 ± 2

Room air

After

Before

62 ± 2*
983 ± 37*
43.9 ± 2.8*
97 ± 1
92 ± 3

65 ± 2
860 ± 19
35.7 ± 2.4
97 ± 1
91 ± 3

*P<0.05 vs. before oxygen administration. Values are means ± SEM.

After

64 ± 2
860 ± 19
36.2 ± 2.6
97 ± 1
91 ± 3
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Fig. 1. Hyperoxic chemoreflex sensitivity (CHRS) is impaired
in end-stage renal disease (ESRD) patients (n = 10) as compared with controls (n = 10). Values are means ±SEM.

SYMPATHETIC HYPERACITIVITY PREDICTS IMPAIRED
HYPEROXIC CHRS

The SDANN, as a marker of a relative predominance
of sympathetic activity, correlated with the hyperoxic
CHRS (r = 0.46; P<0.01). On multiple regression
analysis 24 h-Triangular index, RMSSD, and plasma
norepinephrine levels were independent predictors of
an impaired hyperoxic CHRS.

DISCUSSION

The present study demonstrates that sympathetic hyperactivity influences chemosensory function in
ESRD resulting in an impaired hyperoxic CHRS. Our
findings support previous reports showing that tonic
activation of excitatory chemoreflex afferents contributes to increased systemic efferent sympathetic activity in patients with ESRD [6]. Herein, we have
shown for the first time that plasma noradrenaline levels and HRV determine the chemosensory function in
these patients. The present study indicates that the hyperoxic CHRS corroborates existing evidence for cardiac sympathetic hyperactivity in ESRD. Several reports demonstrated that cardiac autonomic control is
disturbed in ESRD [12-14]. Previous studies demonstrating increased plasma catecholamine levels, abnormal l-metaiodobenzylguanidine (MIBG) kinetics in the
heart, and disturbed HRV in ESRD are in line with
our findings and may in part explain the impaired
CHRS in ESRD, while increased plasma catecholamines can potentiate the chemosensitivity towards oxygen [15, 16]. CHRS and HRV has been
demonstrated to be predictors of ventricular tachyarrhythmias [10]. A combined short-term autonomic
reflex testing including CHRS, HRV, and baroreflex
sensitivity might improve the prognostic value of
these functional modalities but was beyond the scope
of the present study. Our results cannot be explained
by recruitment of patients from different populations
because the ESRD patients and controls were comparable in their demographic characteristics and medical
history. This is important since CHRS is altered during
heart failure [9, 17], neurocardiogenic syncope [18],
and can be influenced by medications likely to modu-
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late cardiovascular autonomic function [3, 19, 20, 21].
The mechanisms by which ESRD causes autonomic
neuropathy are poorly understood. Direct and indirect
measures of sympathetic activity agree that an adrenergic overdrive is common in ESRD. It is largely unknown how uremia affects different branches of the
cardiovascular autonomic system like sensory afferent
and efferent fibres. Chemoreceptor activation appears
to contribute to the increased sympathetic drive of patients with ESRD. Currently, we do not know how
sympathetic hyperactivity affects chemoreceptor function in ESRD.
There are some limitations of our study. HRV timedomain measures obtained by ambulatory ECG is
confounded by daily activities, environment, circadian
changes, and medications used. Although we tried to
minimize these confounders by detailed exclusion criteria, the interference may still exist. For technical reasons we did not use the more sensitive but at least
more invasive MIBG to characterize cardiac sympathetic control. In the current study we assessed
chemosenory function in a relatively small number of
patients due to the strict exclusion criteria. Finally, autonomic balance is maintained by multiple complex interacting reflex mechanisms, including arterial baroreflex, peripheral chemoreflex, central chemoreflex and
pulmonary stretch reflex. Further investigations are
needed to explore the exact mechanism of sympathetic chemosensory regulation in ESRD. Herein, we have
demonstrated that sympathetic hyperactivity influences chemosensory function in ESRD resulting in an
impaired hyperoxic CHRS.

Conflicts of interest: The authors declared no conflicts of interest in relation to this article.
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