
Abstract
Background: Peripheral chemoreceptors residing pre-
dominantly in the carotid body monitor changes in ar-
terial blood oxygen and are mechanistically linked to
the cardiorespiratory control by the autonomic ner-
vous system. Enhanced sympathetic activation is com-
mon in end-stage renal disease and kidney transplanta-
tion has been shown to improve cardiorespiratory re-
flex measures of  autonomic function. 
Objective: the aim of  the present study was to test
whether improvement in renal function following kid-
ney transplantation is related to an improvement in
chemosensory function. 
Methods and Results: we compared hyperoxic chemore-
flex sensitivity (CHRS) in patients after renal trans-
plantation (Rtx) to that in patients on maintenance
hemodialysis (HD), and that of  age- and gender-
matched healthy controls. In addition, we investigated
the impact of  common confounding factors including
pharmacological neurohumoral modulation and dia-
betes mellitus. the difference in the R-R intervals di-
vided 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 hyper-
oxic CHRS. Autonomic activity was characterized by
24-h time-domain heart rate variability (HRV) parame-
ters. CHRS was improved in Rtx patients as com-
pared to HD patients being related to HRV. CHRS
was related to the concomitant presence of  diabetes
and medication with cyclosporine. 
Conclusion: Our findings indicate that chemosensory
activity following kidney transplantation is related to
cardiac autonomic control, but functional testing
might only be useful to characterize the time course
and extent of  sympathetic activation in selected pa-
tients due to existing co-morbidities and immunosup-
pressive medication in this population.
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INtRODUCtION

Enhanced sympathetic activation is common in pa-
tients with end-stage renal disease (ESRD) [1-4]. Kid-
ney transplantation has been shown to improve car-

diorespiratory reflex measures of  autonomic function,
including heart rate variability (HRV) [5, 6]. Peripheral
chemoreceptors residing predominantly in the carotid
body monitor changes in arterial blood oxygen and are
also mechanistically linked to the cardiorespiratory
control by the autonomic nervous system [7]. Several
approaches have been proposed in order to character-
ize chemosenory function in both health and disease.
Up to now, the desensitization characteristics of  pe-
ripheral chemosensors in patients with previous kid-
ney transplantation (Rtx) has not been addressed.
therefore, the aim of  the present study was to assess
whether the hyperoxic chemoreflex sensitivity
(CHRS), which quantifies the heart rate decrease fol-
lowing deactivation of  chemosensors by inhalation of
pure oxygen, in Rtx patients differs from that in pa-
tients on maintenance hemodialysis (HD) and healthy
controls.

MAtERIAL AND MEtHODS

StUDy DESIgN PAtIENtS

the study was performed in accord with the Declara-
tion of  Helsinki for Human Research and the study
protocol was approved by an institutional Ethics Com-
mittee. we studied the impact of  chemosensors’ deac-
tivation on heart rate by 5-min inhalation of  100%
oxygen in Rtx patients, patients on maintenance HD,
and age and gender matched healthy controls. In addi-
tion, we assessed whether autonomic function, as mea-
sured by time-domain HRV parameters, is related to
chemosensors’ desensitization characteristics follow-
ing kidney transplantation.

Chemosensory function in 19 Rtx patients, 10 pa-
tients who had been on chronic HD for at least 6
months, and 10 age and gender matched healthy con-
trols (age: 51 ±7 years, 7 male, 4 smokers) were inves-
tigated. the Rtx patients had been on HD previously
(1-4 years). Other cardiovascular risk factors and pre-
existing cardiovascular disease did not preclude from
participation in the study. Exclusion criteria were co-
existing neurological deficit that alters autonomic
function, congestive heart failure with a cardiac ejec-
tion fraction of  <35%, chronic pulmonary diseases,
neurocardiogenic syncope, sleep apnoea syndrome,
hyperthyroidism, and heart rhythm other than sinus.
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MEASUREMENtS OF HEARt RAtE, HEARt RAtE

VARIABILIty, AND CLINICAL BLOOD PARAMEtERS

Heart rate was measured continuously by a 12-channel
electrocardiogram (ECg). Additionally, the mean R-R
interval was calculated from 10 consecutive R-R inter-
vals. HRV time-domain measures from an ambulatory
24-h ECg were determined in 10 HD patients per-
formed in the interdialytic days and in 10 Rtx pa-
tients. the following HRV parameters, which are con-
sidered to be standardized in the general population,
were calculated for each patient to characterize cardiac
sympathetic-parasympathetic control: (1) the 24-h SD
of  normal R-R intervals (SDNN, ms), as a global mea-
sure of  HRV; (2) the SD of  the average normal R-R
interval for all 5-min segments of  a 24-h ECg record-
ing (SDANN, ms); (3) the square root of  the mean of
the squared differences between adjacent normal R-R
intervals (RMSSD, ms); and (4) the triangular index, a
time-domain geometric measure. Blood was drawn af-
ter a 30 min resting period through large-bore angio-
catheters (18 gauge) to prevent iatrogenic hemolysis.
the first 3 ml of  blood was discarded, and the blood
then slowly drawn into prechilled tubes. Standard clini-
cal blood parameters including renal function were im-
mediately analyzed in a central laboratory using stan-
dard techniques [8, 9].

CHEMOSENSORy DEACtIVAtION

to characterize the effect of  chemosensors’ deactiva-
tion on heart rate and oxygen saturation, we deter-
mined the venous partial oxygen pressure (PO2), be-
fore and after breathing oxygen via a nose mask. Base-
line measurements were taken after patients were re-

cumbent for a period of  10 min. Pure oxygen was
then administered via a nose mask for 5 min. Oxygen
saturation was monitored with a pulse oximeter. Par-
tial oxygen pressure was determined using a blood gas
analyser (Radiometer Copenhagen).

the difference in the R-R intervals in the ECg be-
fore 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/mmHg was defined as pathological as reported
earlier [7, 10, 11]. Measurements were performed after
an overnight fasting period in a noise protected room
of  constant temperature.

StAtIStICAL ANALySIS

Data are presented as means ±SE for continuous vari-
ables or as a percentage of  patients for categorical
variables. After testing for normal distribution, group
comparisons were calculated using Student t-tests or
Mann-whitney U-tests for continuous variables as ap-
propriate. Categorical data were analyzed by Chi2 with
Fisher’s exact test. Correlations were determined with
regression (r) analysis coefficient. Multivariate analysis
for CHRS prediction was assessed using the multiple
regression models. A two-sided P-value <0.05 was
considered significant. Statistical analysis was done
with SPSS software for windows version 14.0 (SPSS
Inc., Chicago, IL). this trial is registered with Clinical-
trials.gov, number NCt00794872.

RESULtS

Patient characteristics are presented in table 1. Age,
gender, and cardiovascular risk factors including

Table 1. Demographic and clinical data.

Baseline characteristics HD Patients RTX Patients
(n=10) (n=19)

Age, yr 57 ±4 58 ±3

Male sex, n 7 12

Hx hypertension, n 7 11

Hx dyslipidemia, n 6 10

Hx smoking, n 6 5

Hx CVD, n 5 10

Hx Diabetes, n 2 2

Serum creatinine, mg/dl 7.6 ±0.7 1.8 ±0.2

Blood urea nitrogen, mg/dl 112±5 72 ±10

Medication, n (%)

Alpha-blockers 3 1

Beta-blockers 6 15

ACE-inhibitors/At-II-antagonists 6 11

Calcium antagonists 5 2

Central sympatholytic agents 3 6

Diuretics 5 10

Cyclosporine 0 10

tacrolimus 0 9

Rtx, patients after kidney transplantation; HD, patients on maintenance hemodialysis; 
Hx, indicates history of; CAD, coronary artery disease; CVD, cardiovascular disease; 
Values are means ±SE.
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smoking, arterial hypertension and dyslipidemia did
not differ between HD patients, Rtx patients, and
healthy controls. Subgroup analysis did not reveal sig-
nificant differences with respect to concomitant med-
ication (alpha-blockers, beta-blockers, Ca-antagonists,
and statines), beside immunosuppresion between HD
and Rtx patients. Basic renal diseases included
nephrosclerosis (n = 4), polycystic kidney disease (n =
4), pyelonephritis (n = 2), suspected glomerulonephri-
tis (n = 3), and hypertensive/vascular renal damage 
(n = 15). the average dialysis vintage was 32 ±11
months. None of  the patients had received blood
transfusions during the preceding 6 months.

CHEMOSENSORy DEACtIVAtION

None of  the patients were hypoxemic at baseline or
after oxygen inhalation, with oxygen saturation values
ranging from 95 to 100%. Baseline oxygen saturation
and heart rate in Rtx patients were not significantly
different from those observed in HD patients and
healthy controls. After chemoreflex deactivation by in-
halation of  100% oxygen the venous PO2 of  all sub-
jects increased while the R-R interval increased.

HyPEROxIC CARDIAC CHEMOREFLEx SENSItIVIty

CHRS was impaired in both HD (2.1 ±0.5 ms/mmHg)
and Rtx patients (3.7 ±0.6 ms/mmHg) as compared
with healthy controls (6.9 ±0.8 ms/mm Hg; P<0.05,
ANOVA; Fig. 1). In addition, CHRS tended to be
higher in Rtx patients as compared with HD patients,
but this observation did not reach statistical signifi-
cance (P = 0.07).

A CHRS below 3 ms/mmHg was found in 8 out of
the 10 HD patients, in 5 out of  the 19 Rtx patients,
and in 1 out of  10 healthy controls. No differences
were observed in baseline clinical parameters between
the patients with and without a CHRS below 3
ms/mmHg. Noteworthy, CHRS was impaired in all 4
diabetic patients. Comparisons of  CHRS according to
medication directly related to the cardiovascular sys-
tem (alpha-blockers, beta-blockers, Ca-antagonists,

ACE-inhibitors/At-II-antagonists) or history (hyper-
tension, coronary artery disease) failed to reveal any
significant difference within and between the study
groups.

In the Rtx patients, pharmacological treatment
with cyclosporine resulted in a decreased CHRS (<3
ms/mmHg) in 8 out of  the 10 patients. the mean
CHRS in this subgroup (n = 10) was 2.8 ±0.5 ms/mm
Hg. the CHRS in the Rtx patients without cy-
closporine medication was decreased in 4 out of  the 9
patients; three of  the 4 patients being medicated with
Ca-antagonists. the mean CHRS in this subgroup (n
= 9) was 4.7 ±0.3 ms/mmHg. the difference between
the Rtx patients with and without cyclosporine, how-
ever, failed to reach statistical significance (P = 0.13)
probably because of  a small sample size and a large
scatter of  data. Kidney function did not differ be-
tween these Rtx sub-groups. 

RELAtIONSHIP BEtwEEN SINUS NODE AND

CHEMOSENSORy ACtIVIty

the difference in CHRS between the HD and Rtx
patients was accompanied by a lower baseline heart
rate in the Rtx patients (Fig. 2). By contrast, time-do-

Fig. 1. Impairment of hyperoxic chemoreflex sensitivity
(CHRS) in both HD and Rtx patients as compared with
healthy controls (HC). In addition, CHRS tended to be high-
er in Rtx patients as compared with HD patients. Values are
means ±SE.

Fig. 2. Baseline heart rate (HR) was higher in HD patients as
compared with Rtx patients; being accompanied by im-
paired CHRS (both P<0.05). Values are means ±SE.

Table 2. Heart Rate Variability in HD and Rtx patients.

HD Patients RTX Patients
(n=10) (n=10)

SDNN, ms 99 ±18 111 ±14*

SDANN, ms 92 ±17 105 ±13*

RMSSD, ms 14 ±3 21 ±3*

triangular index 24 ±4 29 ±4*

Rtx, patients after kidney transplantation; HD, patients on
maintenance hemodialysis; SD, standard deviation; SDNN,
24-h SD of normal R-R intervals; SDANN, SD of the aver-
age normal R-R interval for all 5-min segments of a 24-h
ECg recording; RMSSD, the square root of the mean of the
squared differences between adjacent normal R-R intervals.
Values are means ±SE. *P<0.05
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main HRV parameters indicated a relative predomi-
nance of  sympathetic activation in HD patients as
compared with Rtx patients (table 2). On multiple
regression analysis, RMSSD was the only independent
predictor of  an impaired hyperoxic CHRS (P = 0.03,
r2 = 0.59).

DISCUSSION

the key findings of  the present study are as follows:
(1) Peripheral chemosensors’ desensitization character-
istics after kidney transplantation are blunted as com-
pared with healthy controls and tend to be higher as
compared with patients on maintenance hemodialysis,
which seems to be related to co-morbidities and med-
ication; and (2) Our findings indicate that chemosen-
sory activity following kidney transplantation is related
to cardiac autonomic control.

Several studies in animal models of  renal failure
suggest that excitation of  renal afferent nerves results
in increased efferent sympathetic nerve discharge [12].
this might in part explain the deteriorated chemosen-
sory function in our patients. this is supported by 
the observation that the peripheral chemosensory ac-
tivity following kidney transplantation was related to
indirect measures of  cardiac autonomic control, in
particular, heart rate variability. Rubinger et al [6]
found that successful transplantation corrected HRV
abnormalities in most patients, suggesting that the au-
tonomic dysfunction of  uremia is caused by humoral
factors reversed by the normalization of  the renal
function. However, direct measures of  neural activity
are needed. HRV reflects the fidelity with which 
post-junctional sinoatrial receptors respond to oscilla-
tions in sympathetic and vagal nerve discharge, rather
than the absolute magnitude of  neurotransmitter re-
leased.

High sympathetic drive in transplant recipients has
been linked to cyclosporine and tacrolimus medica-
tions. It has also been suggested that the increase in
blood pressure observed in kidney transplant patients
is mediated by cyclosporine-induced sympatho-excita-
tion. Of  note, Hausberg et al [13] found that the with-
drawal of  cyclosporine in renal transplant patients, re-
ceiving relatively low doses of  cyclosporine, resulted
in a substantial decrease in blood pressure. However,
peripheral muscle sympathetic nerve activity and nor-
epinephrine did not change. therefore, additional
studies including both direct and indirect characteriza-
tion of  chemosensory function and sympathetic nerve
activity (before/after kidney transplantation) are nec-
essary to clarify this issue [14, 15].

there are several limitations of  the present study
that needs to be addressed: (1) we assessed chemo -
senory function in a relatively small number of  pa-
tients with various causes of  kidney disease; (2) we did
not study Rtx patients who had undergone bilateral
nephrectomy. this is important since the cardiac sym-
pathetic neural tone might be influenced by the dis-
eased native kidneys despite correction of  uremia; (3)
we did not measure CHRS in the same patients before
and after kidney transplantation; (4) HRV time-do-
main measures obtained by ambulatory ECg is con-
founded by daily activities, circadian changes, and

medications used; (5) we did not measure HRV in
healthy controls. Regarding the literature, HRV in our
Rtx patients seems still to be impaired which might
in part explain the differences in CHRS between Rtx
patients and healthy controls; (6) we did not use the
more sensitive, but at least more invasive MIBg, to
characterize cardiac neural activity; and (7) Autonomic
balance is maintained by multiple complex interacting
reflex mechanisms, including arterial baroreflex, pe-
ripheral chemoreflex, central chemoreflex, and pul-
monary stretch reflex. Further investigations using
more sophisticated methods (e.g., cardiac and/or renal
catecholamine spillover; direct measurement of  sym-
pathetic nerve activity) to characterize sympathetic ac-
tivation are needed to explore the exact mechanisms
of  sympathetic chemosensory regulation following
kidney transplantation.

CONCLUSIONS AND FUtURE PERSPECtIVES

Desensitization characteristics of  peripheral chemo -
sensors are deteriorated in ESRD and seem to be part-
ly restored after kidney transplantation. In line with
previous reports showing that tonic activation of  exci-
tatory chemoreflex afferents contributes to increased
systemic efferent sympathetic activity in HD patients
[16] and that kidney transplantation improves car-
diorespiratory reflex measures of  autonomic function
[17-19] our findings suggest that chemosensory activi-
ty following kidney transplantation is related to cardiac
autonomic control. Noteworthy, functional chemore-
flex testing might only be useful to characterize the
time course and extent of  sympathetic activation in se-
lected patients due to existing co-morbidities and
medication in this population. whether and to what
extent neurohumoral modulation can reduce elevated
sympathetic nerve activity and thereby restore chemo -
sensory function in selected Rtx patients needs to be
explored. In the future, this might be useful to moni-
tor therapeutic concepts targeting neurohumoral mod-
ulation in these patients.
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