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ABSTRACT
Introduction: Hemodynamic instabilities,
characterized by oscillations of blood pressure,
are common during hemodialysis sessions (HD),
culminating in intradialytic hypotension owing
to volume withdrawal from the cardiovascular
system. The ability to carry out immediate
adjusts in cardiovascular system, mainly
mediated by the autonomic nervous system, is
essential to the maintenance of hemodynamic
stability during HD. Objective: This study
aimed to investigate the relationship between
the sympathetic activity, and the hemodynamic
stability from chronic kidney disease (CKD)
patients during the HD, as well as the relationship
between sympathetic activity and the uremic
state. Methods: Fourteen CKD patients (8
women and 6 men) with no history of recurrent
intradialytic hypotension (ID) episodes had the
successive RR intervals recorded during HD.

Blood pressure measurements were recorded at
regular intervals of 30 minutes along 4 hours
of each session. Hemodynamic stability was
established by the standard deviation (SD),
coefficient of variation (CV) and the Delta
(difference between the highest and the lowest
measure) of systolic (SBP), diastolic (DBP),
and mean (MBP) blood pressures, as well as
the pulse pressure (PP) from the 8 recordings
obtained during each session. As a measure of
autonomic heart control, the low-transformed
low frequency (lnLFnu) spectral band was used.
The uremic state was established by the mean
of uremia from the last 12 months. Pearson’s
correlation was used to analyze the correlation
between the studied variables. Results: The
lnLFnu values were negatively associated SD
(SBP [r = -0.480; p = 0.010], PP [r = -0.504; p
= 0.006] and MBP [r = -0.449; p = 0.017]), CV
(SBP [r = -0.390; p = 0.040]) and delta (SBP [r
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= -0.438; p = 0.020], PP [r = -0.490; p = 0.008]
and MBP [r = -0.382; p = 0.045]). lnLFnu was
also negatively associated to the uremic state (r
= -0.601; p = 0.01). Conclusions: Our results
indicate that higher values of the lnLFnu are
associated with better hemodynamic stability
(i.e., smaller blood pressure oscillations) during
HD sessions, in turn, the mean of blood urea
concentration in the last 12 months, defined
here as the uremic state, was associated with
lower values of the lnLFnu during HD sessions.
KEY WORDS: chronic kidney disease; heart
rate variability; intradialytic hypotension;
blood pressure; sympathetic activity
RESUMEN
Introducción: La inestabilidad hemodinámica, que se caracteriza por las oscilaciones de la
presión arterial, es frecuente durante las sesiones de hemodiálisis (HD) y tiene como resultado la hipotensión intradialítica, causada por
una disminución en el volumen sanguíneo
del sistema cardiovascular. Es esencial realizar
ajustes inmediatos en el sistema cardiovascular,
mediados principalmente por el sistema nervioso autónomo, a fin de mantener la estabilidad
hemodinámica durante la hemodiálisis. Objetivo: El objetivo de nuestro estudio fue investigar
la relación entre la actividad del sistema nervioso simpático y la estabilidad hemodinámica en
pacientes con enfermedad renal crónica (ERC)
durante las sesiones de hemodiálisis, así como
la relación entre la actividad del sistema nervioso simpático y el estado urémico. Material y
métodos: Se registraron, durante las sesiones
de hemodiálisis, los intervalos RR sucesivos
de 14 pacientes con enfermedad renal crónica
(8 mujeres y 6 hombres) sin antecedentes de
episodios recurrentes de hipotensión intradialítica (HI). Se realizaron registros de la tensión
arterial en intervalos regulares de 30 minutos
durante 4 horas en cada sesión. La estabilidad
hemodinámica se estableció mediante la desviación estándar, el coeficiente de variación (CV)
y delta (diferencia entre la medida más alta y la
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más baja) de la tensión arterial sistólica (TAS),
la diastólica (TAD) y la media (TAM), así
como la tensión diferencial (TD) a partir de los
ocho registros obtenidos durante cada sesión.
Se utilizó el análisis espectral de transformaciones logarítmicas de baja frecuencia (LnLFnu,
por su sigla en inglés) expresados en unidades
normalizadas mediante transformación logarítmica. El estado urémico se determinó a través
del promedio de los valores de uremia obtenidos durante los últimos doce meses. Se utilizó
el coeficiente de correlación de Pearson para
analizar las variables estudiadas. Resultados:
Mediante los distintos cálculos, se hallaron
las siguientes correlaciones negativas con los
valores de lnLFnu : SD (TAS [r = -0,480; p =
0,010]; TD [r = -0,504; p = 0,006] , y TAM [r
= -0,449; p = 0,017]); CV (TAS [r = -0,390; p
= 0,040]); y delta (TAS [r = -0,438; p = 0,020];
TD [r = -0,490; p = 0,008], y TAM [r = -0,382;
p = 0,045]). También se observó una correlación negativa entre lnLFnu y el estado urémico
(r = -0,601; p = 0,01). Conclusiones: Nuestros
resultados indican que los valores más elevados
de LnLFnu se asocian con una mejor estabilidad hemodinámica, es decir, menor oscilación
de la tensión arterial, durante las sesiones de
hemodiálisis. A su vez, el promedio de concentración de urea en sangre registrado durante los
últimos doce meses, al cual definimos como el
estado urémico, se relacionó con valores más
bajos de LnLFnu durante las sesiones de hemodiálisis.
PALABRAS CLAVE: enfermedad renal crónica; variabilidad de la frecuencia cardíaca; hipotensión intradialítica; presión arterial; actividad
simpática
INTRODUCTION
Hemodialysis is an indispensable therapy
for patients with renal failure, but it is
associated to many adverse episodes, as the
intradialytic hypotension (IDH), which is the
most frequent adverse complication during
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hemodialysis sessions.(1-4)
Factors predisposing to hypotension during
hemodialysis may be listed as patient-related
factors (age, sex, decreased cardiac reserve,
autonomic insufficiency, etc.) and dialysisrelated factors (rapid decline in plasma
osmolality, decrease in peripheral vascular
resistance induced by dialysate buffer, high
ultrafiltration rates and rapid volume depletion
and blood volume shift to dialyzer [200-300
ml], and others).(5-6)
Among patient-related factors, the auto
nomic insufficiency has been extensively
studied.(7-9) While studies investigating the
autonomic nervous system (ANS) function
in daily activities have shown a reduced
cardioprotection, characterized by a reduced
vagal activity in patients with chronic kidney
disease (CKD), and predisposing these patients
to an increased risk of sudden death, (9-15) studies
conducted during hemodialysis sessions are
less common, but no less important, since the
ANS directly influences the hemodynamic
control and stability.
Previous studies shown a clear trend to
increased sympathetic activity along the
hemodialysis session, (3,16) which is justified
by the volume withdrawal during dialysis
session. The failure in response to the rapid
blood volume depletion, by the increase
of sympathetic activity, may predispose to
hypotension, which is the most frequent
complication during hemodialysis sessions.
(1-4)
This fact gains relevance in the context
of patients the maintenance of a high blood
urea concentrations, as commonly observed in
CKD patients, leads to the uremic autonomic
neuropathy, a dysautonomic state similar to
observed in diabetics.(17)
The spectral analysis of successive RR
intervals have been used to investigate the
influence of ANS branch with low and
high-frequency spectral bands associated
to the predominance of sympathetic and
parasympathetic activity, respectively. Previous
studies suggested that the predominance of

low-frequency band leads to a more stable
hemodynamic behavior during hemodialysis
sessions.(4,16)
The dialysis-related factors can be easily
modified, unlike patient-related factors,
which are intrinsic of each patient, requiring
in-depth knowledge of patient state to predict
patients prone to intradialytic hypotension.
Therefore, the knowledge the physiological
patient-related variables able to predict the
trend to intradialytic hypotension could
provide a greater safety and comfort to the
HD sessions. In this context, the present study
aimed to investigate the relationship between
the low-frequency spectral band of the RR
interval, an indicator of sympathetic activity,
and the hemodynamic stability of chronic
kidney disease (CKD) patients during the
hemodialysis session, as well as the relationship
between this spectral band and the uremic
state of these patients.
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METHODS
Sample
Fourteen patients, 08 women and 06 men
(33 ± 9 years old), taken part in the study.
They were diagnosed with CKD, undergoing
hemodialysis treatment for at least 06 months
and have no history of recurrent hypotensive
crises during hemodialysis sessions. Diabetes
Mellitus (DM) was an exclusion criteria were,
since the DM is a major cause of autonomic
dysfunction,
uncontrolled
hypertension
(systolic blood pressure - SBP: ≥ 200 mmHg
and / or diastolic blood pressure - DBP: ≥ 120
mmHg) and previous diagnosis of cardiac
arrhythmia also were the exclusion criteria.
The dialysis time was 73±58 months, the
average of blood urea, Urea Reduction Rate
(URR) and Kt/V (i.e., fractional clearance of
body water for urea) in the last 12 months to
the data collection was 122±21 mg/dl, 70±5 %
and 1.32±0.13, respectively.
Data collection
The study was conducted at the Kidney
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Disease Center of Jequie (CDRJ) - Bahia,
Brazil from December 2012 to June 2013. The
sample consisted from patients with CKD and
undergoing hemodialysis treatment. To avoid
the influence of circadian rhythm on heart
autonomic control, only patients submitted to
hemodialysis in the morning were included.
Participants were invited to take part in the
study and informed about the study procedures,
those who agreed to participate in the study
signed an informed consent. The study was
approved by the Research Ethics Committee
of the State University of Southwest Bahia
(protocol#: 09635912.3.0000.0055).
RR interval recording
All patients who met the sample selection
criteria and agreed to participate were submitted
to the RR intervals recording through a heart
rate monitor (Polar® RS800CX, Finland) in
two hemodialysis sessions with at least 48
hours apart between them. Heart rate monitors
were previously validated for analysis of heart
autonomic control18. The hemodialysis sessions
lasted for 233±10 and 235±6 minutes, to the
first and second session, respectively. The
mean weight loss in the sessions (2.61±0.89
and 2.45±0.89 kg to the first and second
session, respectively) exhibited an excellent
reproducibility between sessions, measured
through intraclass correlation coefficient (ICC
= 0.94 [95% Confidence Interval: 0.80 – 0.98]).
The RR interval data was analyzed in
the frequency domain using the Fast Fourier
transform (FFT) to obtain the following
parameters: normalized magnitude from the
spectrum of the low frequency components
(LFnu) and the high frequency (HFnu). The
low and high-frequency power was set as 0.04
to 0.15 and 0.15 to 0.4 Hz, respectively. This
procedure was performed with the Kubios HRV
analysis software 2.1 (Department of Applied
Physics, University of Eastern Finland)(19) and
followed the recommendations of the Task
Force of the European Society of Cardiology
and the North American Society of Pacing and
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Electrophysiology.(20)
Since the spectral parameter LFnu is
reported as a sympathetic activity index,(17)
this parameter was used for statistical analysis
purposes. In addition, the LFnu values were
submitted to a logarithmic transformation
(natural logarithm of LFnu [lnLFnu]) as
proposed by Fujiwara et al.(21)
Blood pressure recordings and plasma urea
concentration
Blood pressure measurements were carried
out with automatic blood pressure monitor
HEM-OMRON® 742INT. The systolic (SBP)
and diastolic (DBP) blood pressures were
recorded along each hemodialysis session.
During the sessions the recordings were done
at the beginning and at each 30 minutes along
each hemodialysis session. The pulse pressure
(PP) and mean blood pressure (MBP) were
calculated from the SBP and DBP measures [PP
= SBP-DBP; MBP = DBP + (SBP-DBP / 3)]. As
the sessions lasted for approximately 4 hours,
a total of eight blood pressure measures were
taken. The interval between the penultimate
and the last blood pressure measure was smaller
than 30 minutes, when the session lasted less
than 4 hours.
Hemodynamic stability was established by
the mean, the standard deviation (SD), and the
coefficient of variation (CV) of SBP, DBP, PP
and MBP from the 8 recordings obtained during
each session. The delta (i.e., the difference
between the highest and the lowest value) of
each blood pressure parameter was also used
as a hemodynamic parameter. The Figure 1
demonstrates the hemodynamic stability and
parameters used in this study from a volunteer
during HD session.
Blood samples were drawn monthly and
urea concentration was quantified by standard
laboratorial methods. The average urea
concentration of the last 12 months was used
as an index of uremic state.
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Figure 1. Mean, standard deviation (SD), coefficient of variation (CV), and delta from systolic (SBP),
diastolic (DBP), mean blood pressures (MBP), as well as the pulse pressure (PP) of a volunteer during
a hemodialysis (HD) session.

Statistical Analysis
Data were presented as mean ± standard
deviation. Pearson correlation coefficient was
used to study relationships between the lnLFnu
and hemodynamic stability during hemodialysis
session and uremic state. All statistical procedures
were performed using SPSS 21.0 (SPSS Inc.,
IBM, Chicago, IL, USA).

Results
The descriptive characteristics of mean,
standard deviation and delta of hemodynamic
parameters (pulse pressure, systolic, diastolic
and mean blood pressure), used as an index of
hemodynamic stability, are presented in Table 1.
The Pearson’s correlation analysis between
the normalized low-frequency component of

Table 1. Descriptive characteristics of hemodynamic stability parameters (Standard deviation and Delta
of pulse pressure, systolic, diastolic and mean blood pressure) obtained during hemodialysis sessions.
Mean (mmHg)
SD (mmHg)
CV (%)
Delta (mmHg)

SBP (mmHg)
140.9±26.3
10.8±7.1
7.5±4.6
30.4±18.8

DBP (mmHg)
92.6±15.0
6.3±2.6
6.9±2.8
18.6±7.7

PP (mmHg)
48.3±13.8
7.6±4.7
15.2±7.6
21.9±13.3

MBP (mmHg)
108.8±18.5
7.3±3.9
6.7±3.5
21.1±10.6

SD = standard deviation; SBP = systolic blood pressure; DBP = diastolic blood pressure; PP = pulse pressure; MBP = mean
blood pressure; CV = Coefficient of Variation.
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RR intervals spectrum (lnLFnu) and hemodynamic stability parameters obtained during
hemodialysis sessions revealed that lnLFnu
was significantly and negatively correlated to

the SD of SBP, PP and MBP, and delta of PP
(p<0.05). The correlation coefficients and its
respective p values are presented in Table 2.

Table 2. Correlation coefficients for the normalized low-frequency component of RR intervals spectrum
(lnLFnu) and the hemodynamic stability parameters obtained during hemodialysis sessions.
lnLFnu
lnLFnu
lnLFnu

SD of SBP

SD of DBP

SD of PP

SD of MBP

-0.480 (0.010)*

-0.349 (0.069)

-0.504 (0.006)*

-0.449 (0.017)*

CV of SBP

CV of DBP

CV of PP

CV of MBP

-0.390 (0.040)*

-0.277 (0.153)

-0.366 (0.055)

-0.342 (0.075)

Delta of SBP

Delta of DBP

Delta of PP

Delta of MBP

-0.438 (0.020)*

-0.299 (0.122)

-0.490 (0.008)*

-0.382 (0.045)*

SD = standard deviation; CV = Coefficient of Variation; SBP = systolic blood pressure; DBP = diastolic blood pressure; PP
= pulse pressure; MBP = mean blood pressure; LF = low frequency; HF = high frequency. (*) Significant at p≤0.05. Uremic
state, here defined as the mean of uremia from the last 12 months, was significantly and negatively associated to lnLFnu
(r2 = -0.601; p=0.01).

DISCUSSION
The aim of this study was to investigate the
relationship between the lnLFnu, an indicator
of sympathetic activity, and the hemodynamic
stability of chronic renal disease (CKD)
individuals during the hemodialysis session, as
well as the relationship between this spectral
band and the uremic state of these patients.
Our main study finding was that lnLFnu is
negatively and significantly correlated to the
hemodynamic stability during hemodialysis
session. In addition, this spectral parameter,
obtained during hemodialysis sessions, is
negatively and significantly correlated to
uremic state in CKD patients.
The lnLFnu is widely attributed to the
sympathetic activity over the cardiovascular
system,(17,22) Our results indicated that a lower
contribution of LF band leads to a poor
hemodynamic stability during the hemodialysis
session, which was assessed by the SD, CV and
delta of systolic blood pressure, but also for
SD and delta of mean and pulse pressures. In
fact, the volume withdrawn subsequent to the
hemodialysis procedure leads to a reducing
trend in blood pressure, and a sympathetic
Rev Nefrol Dial Traspl. 2019; 39 (1): 38 - 45. ISSN 0326-3428

activity may compensate this trend by inducing
vasoconstriction, venoconstriction, increasing
heart rate and ventricular contraction8. Then, it
is expected that, during a hemodialysis session,
a highest sympathetic activity may avoid the
blood pressure oscillations and drastic falls.
It is noteworthy that spectral analysis
of RR intervals is not sufficient to describe
all physiological events,(23-24) especially in
conditions where external stimuli (such as pain,
drug use, menstruation, body position, sleep,
among others) happen simultaneously and may
have some influence on the spectral parameters.
However, the reliability of the spectral
parameters as indicators of autonomic nervous
system activity on the heart is well established in
the scientific literature.(25-26)
Autonomic impairment is common in
patients with CKD and a major contributor to
this event is the uremic state 27. It is reported that
the uremic state in CKD patients is associated
to diffuse myocardial fibrosis, coronary artery
calcification, left ventricular hypertrophy,
endothelial dysfunction(28) and autonomic
dysfunction.(8) Such factors would increase
the risk of an ejection fraction-independent
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ventricular arrhythmia(29) and, consequently,
may predispose these patients to greater
hemodynamic instability.
Other studies, such as Galetta et al.,(7)
have shown that the variability of RR intervals
is lower in chronic uremic patients, and it
is proposed that there is a decrease in both
sympathetic and parasympathetic response.
In fact, the maintenance of a chronic uremic
state leads to uremic autonomic neuropathy,
a dysautonomia similar to that observed in
diabetic individuals, with a reduction in the
parasympathetic cardioprotective activity,
followed by a reduction of the sympathetic
activity.(17,30) Our results corroborate this
statement, since we observed a negative
correlation between the uremic state and the
spectral band lnLFnu, indicating that the
maintenance of high values 
of blood urea
for long time periods can deteriorate the
sympathetic action on the cardiovascular system
during HD sessions, making these individuals
prone episodes of intradialytic hypotension.
Considering that our study included only
patients with CKD without recurrent history
of intradialytic hypotensive episodes, further
studies should investigate the relationship
between sympathetic activity and hemodynamic
stability, as well as the uremic state from CKD
patients with recurrent history of intradialytic
hypotension, in order to compare with the
results presented here.
In conclusion, our results indicate that higher
values of the lnLFnu are associated with better
hemodynamic stability during HD sessions, in
turn, the mean of blood urea concentration in
the last 12 months were associated with lower
values 
of the lnLFnu during HD sessions.
Therefore, the maintenance of blood urea
concentration within smaller as possible ranges
could contribute to avoid hemodynamic
instability during HD sessions.
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el trabajo presentado.
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