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Abstract

Chronic kidney disease (CKD) patients have high
cardiovascular mortality and morbidity. The presence
of traditional and CKD related risk factors results in
exaggerated vascular calcification in these patients.
Vascular calcification is associated with reduced large
arterial compliance and thus impaired baroreflex sensi-
tivity (BRS) resulting in augmented blood pressure (BP)
variability and hampered BP regulation. Baroreflex plays
a vital role in short term regulation of BP. This review
discusses the normal baroreflex physiology, methods to
assess baroreflex function, its determinants along with
the prognostic significance of assessing BRS in CKD
patients, available literature on BRS in CKD patients and
the probable patho-physiology of baroreflex dysfunction
in CKD.

Key words: Large arterial compliance; Chronic kidney
disease; Vascular calcification; Baroreflex sensitivity;
Blood pressure variability
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Core tip: Cardiovascular dysfunction is an important
complication and risk factor of mortality and morbidity in
chronic kidney disease (CKD). Baroreflex is a functional
integrator of cardiovascular homeostasis. Derangement
in baroreflex function is not only a manifestation of car-
diovascular pathogenesis in general and in CKD but also
contribute to ongoing etio-pathogenesis. The present
review discusses the physiology and dysfunction in CKD
in light of the available literature.
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INTRODUCTION

Most common etiology of mortality and morbidity in
chronic kidney disease (CKD) patients are cardiovascular
events, rather than uremia itself. Interestingly, CKD
is now recognized as an independent risk factor for
cardiovascular disease!?. Practice guidelines from the
National Kidney Foundation 2002 recommend that CKD
be considered a coronary artery disease risk equivalent®.

Cardiovascular abnormalities in CKD includes both
cardiomyopathy (left ventricular hypertrophy) and
vasculopathy (arteriosclerosis and atherosclerosis) -
which ultimately culminates to ischemic heart disease
and cardiac failure™' (Figure 1).

Clinical presentation of cardiovascular disease in
CKD includes hypertension, left ventricular hypertrophy,
congestive heart failure, myocardial infarction and
sudden death. Moreover in end stage renal disease
(ERSD) patients, the prevalence of left ventricular
hypertrophy and coronary artery disease are 75% and
40%, respectively. Death from cardiac causes is 10-20
times more common in patients with ESRD than in
age matched segments of the general population and
amounts for almost 30% to 50% of all death™®*®,

Mechanism of cardiovascular dysfunction

CKD is associated with both traditional and CKD related
risk factors. Furthermore, the presence of added CKD
related (non-traditional) risk factors in this population
accounts for the exorbitant cardiovascular risk in these
patients®** as listed in Table 1 (Sarnak et al'™).

Cumulative effect of ensemble of these risk factors
results ultimately to vascular calcification in CKD
patients®'%'®), Central to the pathogenesis of cardiovas-
cular dysfunction is vascular calcification'®*. Reviews
are available discussing the mechanism of vascular
calcification in CKD patients!®*°?, Vascular calcification
results in stiffer arteries with reduced compliance!'®?®,
Reduction in compliance of central arteries not only
results in higher afterload and diminished perfusion of
heart (London et a/®®) but also impaired baroreflex
sensitivity (BRS)™'>,

Baroreflex is a major regulatory mechanism for
buffering short-term blood pressure (BP) fluctuations by
modulating the heart rate and vascular tone. Baroreflex
loop functioning is an important indicator of integrity
of cardiovascular homeostatic regulation. Impaired
baroreflex function results in loss of dampening of BP
fluctuations and thus higher BP variabilities’®***". Higher
blood pressure variability (BPV) has been associated
with end-organ damage* . Previously a study by Kaur
et al** proposed a model for showing the improvement
in baroreflex function after renal transplantation (RT)
in ESRD patients discussing the relationship between
BRS, arterial stiffness and BPV and found that RT results
in improvement in arterial stiffness followed by norma-
lization in BRS and reduction in BPV. This highlights the
significance of baroreflex function in CKD. The purpose
of this review is to consolidate the published evidence
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on baroreflex physiology, methods of assessment, its
determinants and dysfunction in CKD patients.

PHYSIOLOGY OF BARORECEPTOR
REFLEX

Baroreceptor reflex (baroreflex) plays a significant role in
the short term regulation of arterial BP. Pioneering works
on animal models by Hering, Korner, Cowley, Guyton
and others have clearly implicated its role in buffering
arterial BP fluctuations induced by internal and external
perturbations®*". Evidence is currently accumulating in
support of the hypothesized role of baroreceptors in long
term regulation of arterial BP as well*?.

Baroreceptors are stretch sensitive receptors located
in the high pressure (high pressure baroreceptors)
as well as low pressure (low pressure baroreceptors)
areas of the circulatory system. High pressure arterial
baroreceptors located in the Carotid sinus and Aortic
arch (Sinoaortic baroreceptors) are considered to play
a dominant role in the moment to moment regulation
of arterial BP. Considering this fact, alterations in arterial
baroreflex mechanisms have been implicated in clinical
disorders characterized by abnormal fluctuations in BP
imposed commonly by postural variations. This section
of the review would cite and discuss literature relevant
to understand the physiology of arterial baroreflex and
the methods of assessment of arterial BRS in human
subjects and patients.

Baroreflex arc

Sino-aortic baroreceptors provide the cardiovascular
regulatory centres in the brainstem with a continuous
stream of information on the beat to beat fluctuations in
BP. These stretch sensitive receptors are encapsulated
or free nerve endings located in the tunica adventitia
of carotid sinus and aortic arch that respond to the
changes in dimensions of the arterial wall produced by
fluctuations in transmuralpressure. Afferent information
from the receptors are relayed to brainstem nuclei thr-
ough glossopharyngeal (afferents from carotid sinus) and
vagus nerves (afferents from aortic arch) which act as
the centre of the baroreflex arc (Figure 2). Baroreceptor
inputs to brain stem primarily reach the nucleus tractus
solitarius (NTS) located in the dorsal medulla which
has intricate connections with the cardioinhibitory and
vasomotor centers located in the caudal and rostral
ventrolateral medulla (RVLM) and the nucleus ambiguus
of vagus. RVLM projects to preganglionic sympathetic
neurons located in the intermediolateral gray column
of thoracic and lumbar spinal segments. Axons of the
neurons in nucleus ambiguus project as pre-ganglionic
parasympathetic supply to the heart. Figure 2 depicts
the neuronal circuitry of the baroreflex arc.

Baroreflex activation and effector responses
NTS continuously receives a tonic input from sino-aortic
baroreceptor afferents which discharge in phase with the
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Figure 1 Cardiovascular abnormalities in chronic kidney disease. Depicts the association of chronic kidney disease related risk factors and cardiac and vascular
abnormalities and outcomes in chronic kidney disease. SNS: Sympathetic nervous system; RAAS: Renin angiotensin aldosterone system; Na: Sodium; PTH:

Parathyroid hormone.

arterial pressure waveform. Within the operating range,
the frequency of discharge in baroreceptor afferents
responds to changes in both the magnitude and slope
of arterial pressure waveform. A rise in systemic mean
arterial and/or pulse pressure would lead to an incre-
ased discharge in the baroreceptor afferents phase-
locked with the arterial pressure waveform. Increase in
baroreceptor input to NTS initiates reciprocal changes
in the efferent vago-sympathetic discharge leading
to increased firing of cardioinhibitory vagal neurons
innervating sino-atrial node and decreased firing of
sympathetic neurons controlling heart and peripheral
blood vessels. This would produce a decrease in heart
rate mainly through the vagal limb and a decrease in
cardiac contractility, peripheral vascular resistance and
venous return through the sympathetic limb. All these
changes will ultimately bring the BP down, close to its
set point thereby instituting negative feedback control
to establish circulatory homeostasis. Thus, baroreflex
arc may be considered to operate through two physio-
logically antagonistic efferent pathways comprising of
vagal and sympathetic fibres innervating heart and
peripheral blood vessels. The vagal limb is quick to act
with latencies as low as 200 ms to 600 ms in comparison
to the sympathetic limb which takes more than 2 s to
3 s to produce any noticeable change in the cardiac
contractility or peripheral resistance. This discrepancy is
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largely attributed to the obvious differences in cholinergic
and adrenergic signal transduction mechanisms at the
target cells.

DETERMINATION OF BRS -
METHODOLOGICAL CONSIDERATIONS

Quantification of BRS has largely been part of experi-
mental laboratory work in animal models and human
subjects until recently when clinical investigations started
revealing impaired BRS as a pathophysiological entity
in cardiovascular disorders*“**!. Moreover, BRS estim-
ation has been attributed immense prognostic value
in predicting cardiac mortality in the large multicentric
autonomic tone and reflexes after myocardial infarction
study™®. Similar observations have also been reported in
a group of patients with mild to moderate heart failure,
signifying the role of BRS as a prognostic indicator in the
risk stratification of patients™*”,

From a physiological control system perspective,
baroreceptor reflex is considered to operate in closed
loop with open loop characteristics, i.e., changes in BP
elicit appropriate heart rate responses through open loop
negative feedback mechanisms which tend to buffer the
initiating change in BP through a feedforward influence
of heart rate on BP that closes the loop™®*°!, Majority of
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Table 1 Cardiovascular risk factors in chronic kidney disease

Traditional risk factors Non-traditional factors

Sympathetic hyperactivity = Albuminuria

Hyperhomocysteinemia Inflammation

Hypertension Oxidative stress

High LDL cholesterol Anemia

Low HDL cholesterol Abnormal calcium/phosphate metabolism
Diabetes Extracellular fluid volume overload
Smoking Electrolyte imbalance

Physical inactivity Malnutrition

Menopause Sleep disturbances

Family history of CVD Endothelial dysfunction

LDL: Low density lipoprotein; HDL: High density lipoprotein; CVD:
Cardiovascular disease.

the BRS assessment protocols ignore the feedforward
influence considering it as inconsequential and compute
BRS as the feedback gain of the open loop™**",

Methodologically, BRS assessment strategies can be
broadly categorized into (1) those based on artificially
imposed changes in arterial BP or carotid sinus pressure
including pharmacological methods, Valsalva maneuver
and neck chamber techniques; (2) those based on
analysis of spontaneous oscillations in BP and heart
rate.

Methods based on artificially imposed changes in
arterial BP or carotid sinus pressure

These methods use physiological maneuvers or
pharmacological agents to impose changes in BP. The
resulting baroreflex mediated changes in heart intervals
are simultaneously acquired along with BP signal and
subjected to appropriate analysis to derive various
estimates of BRS.

Pharmacological method

Pharmacological method, also termed as the “Oxford
technique” involves intravenous administration of graded
bolus doses of a suitable vasoconstrictor agent to
produce rise in BP that would lead to baroreflex induced
bradycardia™**. Phenylephrine, a pure alpha adreno-
ceptor agonist is the commonly preferred vasoconstrictor
agent as it is considered to have minimal extravascular
effects. Many investigators prefer to administer in
addition, a vasodilator agent (sodium nitroprusside
infusion or amyl nitrite by inhalation) to induce fall in
BP to precipitate baroreflex mediated increase in heart
rate to capture responses on either side of the setpoint.
Beat to beat BP and ECG signals are simultaneously
recorded during the periods when BP rises above and
below the resting baseline values under the influence of
the vasoactive agents. Consecutive systolic BP values
are plotted against the simultaneously recorded RR
intervals or pulse intervals with one beat delay to fit the
linear regression line between the two variables. BRS
is computed as the slope of this line and expressed in
ms/mm of Hg. Despite being invasive, pharmacological
method is the commonly employed method to estimate
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BRS for risk stratification of patients owing to its
repeatability and accuracy.

Valsalva’s maneuver

Valsalva’s maneuver is one of the earliest known
physiological maneuvers used to study the baroreflex
function in humans. Performance of the maneuver
involves forced expiration against a closed or partly
open glottis to raise the intrathoracic and intraabdominal
pressures with secondary hemodynamic effects. The
maneuver physiologically imposes fall in BP due to
decreased venous return during phase II and rise in BP
during phases IV due to uninterrupted venous return
to an already stimulated heart. The corresponding
baroreflex mediated RR interval changes are acquired
simultaneously with the beat to beat BP values. A linear
regression analysis is commonly performed between
consecutive systolic BP values and corresponding RR
intervals with one beat delay during phase IV to derive
BRS (also known as cardiovagal gain) as the slope
of the fitted line®™**. Estimation of BRS by Valsalva’s
manoeuvre has been reported to be non-selective for
arterial baroreflex as it also engages other low pressure
baroreceptors into action™,

Neck chamber technique

The neck chamber technique®*” produces activation
or deactivation of carotid baroreceptors through a
graded application of negative or positive pneumatic
pressure around the neck region. Negative neck pres-
sure increases the carotid sinus transmural pressure
leading to increased stretching of its wall and afferent
baroreceptor firing. This would induce a fall in systemic
arterial pressure consequent to baroreflex mediated
changes in heart rate, cardiac contractility, peripheral
resistance and venous return. BRS is computed by
linear regression analysis using the transmural carotid
sinus pressure and RR interval data acquired during
the phases of manipulation. Neck chamber technique is
the only method which selectively estimates the carotid
BRS. However, it has been sparingly used in clinical
investigations with most of the available literature citing
its use relate to studies conducted in association with
experimental laboratory work.

Methods based on analysis of spontaneous oscillations
in BP and heart intervals

Since 1980s, with the invention and widespread use
of non-invasive beat to beat BP monitors based on
the volume clamp principle of “Penaz”, there has been
tremendous progress in the development of purely
non-invasive methods of BRS assessment. This newer
generation of techniques employs computer based
analysis of spontaneous oscillations in the BP coupled
with reflex changes in heart rate to derive estimates of
BRS. The spontaneous BRS estimation methods can
be broadly categorised into time domain and frequency
domain methods.
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Figure 2 Neuronal circuitry of the baroreflex arc. Depicts the complete baroreflex arc - beginning from the baroreceptors (located in carotid sinus and aortic arch),
afferents (IX and X cranial nerve) ascend to medullary centres and send efferents (sympathetic and parasympathetic) to end organs (heart and vasculature). CN
IX and CN X: Cranial nerve IX and X; NTS: Nucleus tractus solitarius; NA: Nucleus ambiguous; CVLM: Caudal ventrolateral medulla; RVLM: Rostral ventrolateral

medulla; IML: Intermediolateral gray column.

Time domain methods

Time domain methods analyse the time series data of
beat to beat BP and heart intervals to estimate BRS. In
the “sequence method” proposed by Parati et af*****%,
the algorithm automatically searches and identifies
“sequences” in which BP shows a continuous increase
(or decrease) for at least three consecutive beats
that is accompanied by lengthening (or shortening)
of consecutive RR intervals with zero to two beats
delay. Sequence method considers the associated RR
interval changes as baroreflex mediated response to
the spontaneously emerging ascending or descending
pressure ramps. A linear regression analysis between the
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BP and RR interval variables will derive the slope of the
best fit line as estimated BRS.

Frequency domain methods

The spectral or frequency domain methods are based on
the principle that, spontaneous oscillations in BP centered
around a particular frequency will lead to baroreflex
mediated oscillations in heart interval in the same
frequency. The ratio of the powers of the oscillations
estimated by autoregressive or other methods in a
particular frequency band or the modulus of the transfer
function relating BP with heart interval oscillations are
computed as the BRS estimates™*!, Oscillations in
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two frequency bands are usually being taken for the
computations; a low frequency band centered around
0.1 Hz (ranging from 0.04 to 0.15 Hz) and a high frequency
band of respiratory origin ranging from 0.15 to 0.4 Hz.
One of the commonly used spectral methods estimates
BRS as the root-squared ratio between heart interval
and systolic pressure powers calculated in the LF band
(o LF) or in the HF band (o HF). These spectral indices
are considered to be valid when the linear correlation
(coherence) between BP and heart rate oscillations in
the specified frequency bands are sufficiently high. The
transfer function method proposed by Robbe et a/**”,
computes BRS as the modulus or gain of the transfer
function between variations in BP and heart interval in
a specified frequency band. Transfer function is usually
computed for both low frequency and high frequency
bands deriving two different estimates of BRS named
Hir and Hwr respectively. Other spectral methods for
estimating BRS include describing the spontaneous
oscillations in BP and heart intervals using mathematical
models and deriving BRS using the model coefficients.

Choice of the appropriate method of BRS assessment in
clinical setting

Despite being invasive, pharmacological method is the
most preferred technique for BRS estimation by most
clinical investigators owing to its repeatability across
different populations of patients. With the advent of non-
invasive beat to beat BP monitors, impetus on the usage
of spontaneous methods as replacement for the invasive
pharmacological method has been steadily growing.
Sequence method is considered to be the physiological
replica of pharmacological method since both the
techniques analyse heart interval responses to ascending
or descending pressure ramps originating spontaneously
or in response to vasoactive agents. However, many
investigators believe spectral indices to give better and
reliable estimates of BRS comparable to that obtained
by invasive pharmacological methods®*®", Choice of
the most appropriate spontaneous method of BRS
estimation is dependent on experimental factors and
stationarity of the BP and heart interval signals. Reliable
estimation of BRS by spectral methods is guaranteed
only if the blood pressure and heart rate signals are
stationary during the selected window of analysis.
Sequence method is preferred over spectral indices if
the stationarity of the signals cannot be ensured™"*".
Majority of the initial reports on baroreflex functions
in CKD patients have employed pharmacological met-
hod®>®*! to estimate BRS while a few have also used
Valsalva maneuver®, Spontaneous sequence and
spectral methods have also been utilized in the studies
conducted in the recent past™*®”.,

DETERMINANTS OF BRS

Factors determining BRS can broadly be categorized as
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demographic and physiological, as reported by multiple
studies conducted in healthy subjects and patients
using both invasive and non-invasive methods. Age,
gender, systolic and diastolic BP, resting heart rate and
body mass index have been reported as the major
determinants of BRS!®*®, The relationship between
age and BRS was observed to be physiologically linked
through age related changes in carotid distensibi-
lity”® 7?1, Age related decline in carotid distensibility
tends to minimise the diameter changes associated
with arterial pressure fluctuations, thereby reducing the
transduction abilities of sino-aortic baroreceptors. This
has been corroborated by direct estimation of carotid
distensibility coefficients and its correlation with BRS as
quantified by pharmacological method in healthy human
subjects”*. Central arterial stiffness as measured by
aortic pulse wave velocity has been reported to be an
independent predictor of BRS by the Rotterdam cohort
study conducted in 2083 elderly subjects’””!. Reduction
in arterial distensibility associated with stiffening of the
central arteries and a consequent fall in BRS is one
of the possible mechanisms implicated in baroreflex
dysfunction in CKD patients.

PROGNOSTIC SIGNIFICANCE OF
BAROREFLEX ASSESSMENT IN CKD

BRS is emerging as a cardinal prognostic risk factor
in CKD patients. Johansson et a/’® studied BRS in
hypertensive CKD patients and then followed them
up prospectively for 41 +/- 15 mo and found that
69 patients died during the follow-up. Cardiovascular
diseases and uremia resulted in the majority of deaths
(60% and 20%, respectively), while sudden cardiac
death occurred in 15 patients. Reduced BRS was found
to be an independent predictor of sudden cardiac death
(RR = 0.29; 95%CI: 0.09-0.86 for an increase of one
standard deviation in BRS, P = 0.022). The authors
concluded that BRS may convey important prognostic
information that will have clinical implications for patients
with CKD.

Reduced BRS is also associated with hemodialysis
related hypotension, which results in significant mortality
in hemodialysis patients as they are unable to counteract
dialysis induced volume depletion®®’”). Chesterton et
al®!, reviewed the importance of assessment of BRS
in CKD patients, especially its relevance in prediction
of vasomotor instability during dialysis. The authors
inferred from literature that there are demonstrable
pathological alterations in CKD, contributing to structural
and functional changes in the cardiovascular system
that may result in both haemodynamic instability and
cardiovascular mortality. Understanding the associations
between conventional markers of haemodynamic insta-
bility and BRS (as a measure of autonomic function) will
allow early and better risk stratification, prevention and
managementin CKD patients.
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EVIDENCE OF IMPAIRED BRS IN CKD

Baroreceptor reflex control, as studied by BRS is
reduced in CKD patients and worsenswith the disease
severity (Table 2). Studies have also compared BRS
of patients on different treatment modality of CKD -
hemodialysis, peritoneal dialysis and RT with inconsistent
results. Although the literature on BRS assessment in
CKD is scarce, but most existing studies suggest that
dialysis fails to improve BRS in CKD patients while renal
transplant undoubtedly improves it. Few studies have
also examined the correlation of BRS with vascular
compliance and autonomic parameters in-order to
understand the pathophysiology of baroreflex dysfunction
in CKD patients. Although this still remains to be studied
in further details.

CONCEPTUAL MODEL EXPLAINING THE
REDUCED BRS IN CKD

We have previously seen in the earlier section (Figure
2) the complete baroreflex arc. Conceptually a defect
anywhere in this loop could result in impaired BRS in
CKD.

Till now different schools of thoughts have been
categorized to summarize the defect in baroreflex
function in CKD: (1) Vascular vs Neural debate; (2)
Structural vs functional mechanisms.

As a matter of fact, none of these contemplations
are full-proof and mutually exclusive. There exists a grey
area of overlap of these factors resulting in baroreflex
dysfunction.

In the next section, we will discuss the limited
evidence available to possibly speculate the patho-
physiology of reduction in BRS in CKD patients.

PATHOPHYSIOLOGY OF BAROREFLEX
DYSFUNCTION IN CKD

Vascular vs neural
The baroreflex arc is integral to the short-term regulation
of BP and is under autonomic regulation. A change in
BP results in an alteration in transmural stretch within
the baro-sensitive central arteries. This causes activation
of the baroreceptors (level 1 in Figure 3) located within
the adventitia of arterial wall. Modified firing from these
receptors is transmitted via the afferent nerves (level 2
in Figure 3) to the central autonomic centre (level 3 in
Figure 3). Sympathetic and parasympathetic systems
(level 4 in Figure 3) influencing vessels and heart (level
5 in Figure 3) constitute the efferent response. Thus, a
change in BP results in a corresponding change in the RR
interval and vessel tone, restoring BP to normal limits.
BRS is well recognized as a composite marker of the
overall integrity of the baroreflex arc’®", BRS is therefore
determined by the mechanical properties of the arterial
wall which constitutes the vascular component, and
the parasympathetic and sympathetic nervous system
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forming the neural component.

Chesterton et al® found that BRS is impaired in
CKD which explains the development of intra-dialytic
hypotension (IDH) in these patients. IDH is associated
with increased mortality in hemodilaysis (HD) patients.
Additionally, they investigated the link between vascular
calcification (measure of arterial structure), arterial stif-
fness (measure of arterial function) and BRS in chronic
HD patients and concluded that there is a positive
association between vascular calcification and BRS. Thus
the impaired BRS observed in CKD patients could be due
to the excessive vascular calcification observed in them.

In concordance Kaur et al* studied the reversibility
of arterial stiffness indices along with BRS before, at
3 mo and 6 mo after RT in-order to understand the
temporal connection between these parameters. They
reported the normalization of BRS in ESRD patients by
6 mo which followed the early improvement in arterial
stiffness.

On similar lines, Boutouyrie et a also theoreti-
cally categorized the baroreflex loop into vascular
compartment which includes the wall stretch component
(receptor level) and neural comprising of afferent, centre
and efferent arc of baroreflex. Notably, baroreceptors
embedded in the adventitia of central arteries are sensitive
only to vessel wall stretch and not directly to intravascular
pressure. Pressure changes inside the vascular lumen
need to get translated as vessel wall stretch to get
sensed by baroreceptors. This pressure to stretch
conversion is dependent on arterial compliance and thus,
stiffness of large arteries become a crucial determinant
of the vascular component of baroreflex”*%, CKD is
associated with both vascular remodelling and autonomic
dysfunction. The authors commented on a previous
study®¥ and discussed that questions still remain
regarding how transplantation improves baroreflex - is
it through amelioration of arterial properties or neural
components or/and a relative contribution of both.

This puzzle remains unresolved till date. Most avail-
able data is suggestive of a probable defect at level 1
that is the sensing by baroreceptors itself. Although there
exists data regarding dysfunction at other sites also in
human and animal studies - level 2 - afferents®®™*", level
3 - centre®®® level 4 - efferents®®™®** and level 5 - end
organ®*?in CKD.

By studying in detail the large artery and neural
parts components of baroreflex arc, studies in future
may help in understanding this concept further.

/[83]

Structural vs functional modulation of the arterial
baroreflex

Large artery structural changes are considered to be
the predominant mechanism responsible for decreased
BRS". There is an emerging concept of the role of “fun-
ctional mechanisms” responsible for altered baroreflex
function which could be either at the level of peripheral
sensory endings and/or at the central nervous system.
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Table 2 Baroreflex sensitivity in chronic kidney disease

Ref. Number of patients

Study design

Method of BRS
assessment

Results

Pickering et al'®” 32 patients on HD serially studied

Lazarus et al®®

13 patients on HD and 5 controls
Cross- sectional

Tomiyama et al” 22 non-dialysed patients and controls

Agarwal et al™ Cross- sectional

25 non-dialyzed patients and 8 controls

8 patients reassessed after 6.6 +/- 1.0 wk of
hemodialysis
12 patients were restudied 24 +/- 4.0 wk
after renal transplantation

Gerhardt et al'®™” 20 patients of HD, RT and controls each
Cross-sectional
Gao et al™ 17 ESRD patients and 29 controls

Cross-sectional
Johansson et al™ 216 hypertensive CKD patients with 43 age-
matched controls

Chan et al™ 10 hypertensive ESRD patients receiving
conventional hemodialysis were studied
before and 2 mo after conversion to
nocturnal hemodialysis
Assessed BRS along with total arterial
compliance
105 non-dialysis CKD patients
Baseline and follow-up of 42 mo
Studied relationship with increasing

Bavanandan et
al®!

degrees of uremia
Recorded primary (death, dialysis,
transplantation) and secondary (fatal and
nonfatal cardiovascular events) outcome
measures
Juvenile study group with 14 HD patients,
14 RT and 14 controls
BRS with HRV and carotid artery stiffness

Studinger et al™

Chesterton et al™" 40 HD patients
Assessed BRS with arterial calcification and
arterial stiffness indices
55 non-dialysis non-diabetic CKD patients
BRS relationship with arterial stiffness and
GFR

82]

Lacy et al'

Rubinger et al™ 52 HD, 44 RT and 41 controls

16 patients before and after transplant

BRS with HRV and BPV
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Intra-venous angiotensin
and inhaled amyl nitrite

BRS was found to be low
HD improved reflex sensitivity over the long term, but did not
have any consistent immediate effect
BRS lower in patients than controls for both pressor and

Intra-venous bolus of
phenylephrine

depressor stimuli
Intra-venous bolus of Lower BRS in patients as compared to controls
phenylephrine and
inhaled amy]l nitrite
Intra-venous bolus of Lower BRS in patients
phenylephrine 8 patients restudied after HD, BRS lower in hypotension-prone
vs normotensive group

12 patients restudied after RT, BRS improved

Reduced BRS in CKD vs Controls
Similar BRS in RT and controls
BRS was 62% lower in ESRD than controls

Sequence analysis
Sequence analysis
BRS was reduced by 51% in CKD patients as compared with

controls
Greater reductions in BRS noted in diabetic vs non-diabetic

Spontaneous method

patients
Spontaneous method Improvement in BRS by nocturnal HD as compared to

conventional HD

Increases in BRS correlated with increases in total arterial
compliance
Nondialysis dependent CKD patients have impaired BRS
BRS is related to decreasing GFR
A trend towards poorer prognosis in patients with impaired
BRS

Spontaneous method

Pharmacological and BRS was markedly reduced in HD as compared to controls
spontaneous method

Carotid artery stiffness was higher in HD than controls and

was inversely related to BRS
HRV was also compromised in HD, and was directly related to
BRS
No significant differences in any of these variables between RT
and controls
Decreased baroreflex function in juvenile HD is partly due

to loss of carotid artery elasticity and partly due to impaired
heart rate variability. Renal transplantation may partly prevent

impairment or improve compromised baroreflex function in

young patients with ESRD
Reduced BRS in HD patients
Reduced BRS is associated with increased vascular calcification
and arterial stiffness
BRS reduced as renal disease severity increases
Reduced GFR was correlated with increased PWV and
decreased cardiac BRS
Non-dialysis non-diabetic CKD patients with decreasing GFR

Spontaneous method

Spectral method

have reduced cardiac BRS and increased large artery stiffness

In HD patients, BPV was increased, while HRV and BRS were
markedly decreased as compared to controls

RT was associated with normalization of BPV at short term (<

Spontaneous method

1 yr) and long term and with improvement of HRV at a long-
term (> 1 yr) follow-up. After RT baroreceptor indices were
significantly increased and returned to values similar to those
of the control
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Chesterton et al”™

34 chronic HD Spontaneous method Impaired BRS predicts intra-dialytic hypotension
Cross-sectional

Relation with intra-dialytic hypotension

Kaur et al™ 23 ESRD patients studied prospectively Spontaneous method ~ RT normalizes BRS in ESRD patients by 6 mo which follows
before and at 3 and 6 mo after RT the improvement in the central arterial stiffness
BRS with central arterial stiffness and HRV
and BPV

HD: Hemodialysis; RT: Renal transplantation; CKD: Chronic kidney disease; ESRD: End stage renal disease; GFR: Glomerular filtration rate; HRV: Heart
rate variability; BPV: Blood pressure variability; BRS: Baroreflex sensitivity.

Medulla

NTS

D )

o b

a Thoracic spinal cord

Sympathetic
ganglia

Adrenal medulla

Carotid sinus

Aortic arch

Arteriole or
venle

Figure 3 Probable levels of defect in baroreflex arc in chronic kidney disease. Depicts the different probable levels of defect in chronic kidney disease. Level 1
represents the baroreceptors affected by calcification of central arteries. Level 2, 3, 4 and 5 represents afferents (IX and X nerves), centres, efferents and endorgans
(heart and vessels) respectively. CN IX and CN X: Cranial nerve IX and X; NTS: Nucleus tractus solitarius; NA: Nucleus ambiguous; CVLM: Caudal ventrolateral
medulla; RVLM: Rostral ventrolateral medulla; IML: Intermediolateral gray column.

Structure of the central arteries determines the for structural changes in the large arteries and increased
deformation and thus the strain of baroreceptor endings arterial stiffness being considered the cardinal mechanism
with changes in blood pressure®®®, That is the reason responsible for the reduced BRS and resetting of
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baroreceptors in hypertension, atherosclerosis, and
aging.

The current concept focuses on the functional
mechanisms and thus the postulate that baroreceptor
activity is not merely a manifestation of associated
vascular strain.

Studies have identified various mechanisms in-
volved in the modulation of the baroreflex arc. These
are referred to as functional factors to differentiate
them from structural changes. Based on their site of
action, functional factors are categorized into two: (1)
peripheral sensory mechanisms involving barorceptors
and or sensory afferents; and (2) central mechanisms
involving the neural areas coupling the afferent sensory
stimuli to efferent autonomic responsest®.

Chapleau et al’®® studied the role of functional
mechanism in baroreflex alteration in hypertensives
and aged people. They examined on both cultured
baroreceptor nodose neurons and isolated carotid sinus
preparation of dogs and rabbits.

In their study™®, they found that peripheral sensory
mechanisms include: (1) Lack of endogenous PGI2
and increase in free radicals and platelet aggregation
which result in deranged baroreflex function in chronic
hypertension and atherosclerosis; (2) Stretch activated
channel and transient outward K current which are
responsible for mechanoelectrical transduction and
adaptation of baroreceptors respectively; and (3)
Na-K pump inhibition, which occurs with fall in arterial
pressure and leads to prompt (within minutes) reversal
of chronic baroreceptor resetting in chronic hypertensive
rabbits. The rapidity of response rules out structural
change and could be due to functional change.

In their study™, they have also commented on
central mechanisms which include: (1) Loss of inhibition
of sympathetic system and inefficient coupling of afferent
stimuli to efferent response which could be attributed to
reducedcentral arterial compliance and rapid frequency
of baroreceptor discharge. It has been seen that 3 and
a low frequency (< 3 Hz) of baroreceptor discharges
sustain the reflex inhibition of sympathetic system; and
(2) Defect in neural centres mediating the baroreflex
arc. Authors have suggested that this may be the chief
cause of the reduction in baroreflex functioning with
aging.

Notionally, chronic kidney patients might have a
similar structural and functional defect and functional
changes may precede the structural changes unlike the
present-day postulation but this concept has not been
studied in CKD patients yet.

CONCLUSION

CKD patients have high cardiovascular mortality and
morbidity. Baroreceptor function assessment is an
independent predictor of cardiovascular risk. There are
different methodological techniques and determinants
of BRS. The underlying patho-physiology of baroreflex
dysfunction is still unclear but probable defect seems
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to be central arterial stiffness in CKD patients resulting
in dampened firing by baroreceptors (receptor level
defect).
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