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Endothelial dysfunction, insulin resistance, fibrosis, hypertension ...

Sympathetic predominance  Baroreflex impairment  Cardiorespiratory instability 

Autonomic imbalance 

Enhanced carotid body chemosensory drive 

Is the carotid body
ablation the best solution?

Common characteristics of systolic heart failure, obstructive sleep apnoea, 
resistant hypertension and cardiometabolic diseases

Abstract The carotid body (CB) is considered the main O2 chemoreceptor, which contributes
to cardiorespiratory homeostasis and ventilatory acclimatization. In clinical medicine, the
most common pathologies associated with the CB are tumours. However, a growing body of
evidence supports the novel idea that an enhanced CB chemosensory discharge contributes to
the autonomic dysfunction and pathological consequences in obstructive sleep apnoea (OSA),
hypertension, systolic heart failure (HF) and cardiometabolic diseases. Heightened CB chemo-
sensory reactivity elicited by oxidative stress has been involved in sympathetic hyperactivity,
cardiorespiratory instability, hypertension and insulin resistance. CB ablation, which reduces
sympathetic hyperactivity, decreases hypertension in animal models of OSA and hypertension,
eliminates breathing instability and improves animal survival in HF, and restores insulin tolerance
in cardiometabolic models. Thus, data obtained from preclinical studies highlight the importance
of the CB in the progression of sympathetic-related diseases, supporting the idea that appeasing
the enhanced CB chemosensory drive may be useful in improving cardiovascular, respiratory
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and endocrine alterations. Accordingly, CB ablation has been proposed and used as a treatment
for moderating resistant hypertension and HF-induced sympathetic hyperactivity in humans.
First-in-human studies have shown that CB ablation reduces sympathetic overactivity, trans-
iently reduces severe hypertension and improves quality of life in HF patients. Thus, CB ablation
would be a useful therapy to reverse sympathetic overactivation in HF and severe hypertension,
but caution is required before it is widely used due to the crucial physiological function played by
the CB. Further studies in preclinical models are required to assess side-effects of CB ablation.
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Abstract figure legend Role of the enhanced carotid body chemosensory discharge in autonomic-related diseases.
Role of the enhanced carotid body (CB) chemosensory discharge in autonomic-related pathological consequences of
systolic heart failure, obstructive sleep apnoea, hypertension and cardiometabolic diseases. CB ablation, which restored
the autonomic imbalance, has been proposed and used as a treatment for hypertension and HF-induced sympathetic
hyperactivity in humans. However, since the CB plays a critical role in cardiorespiratory regulation, many concerns have
been raised about widespread use of this manoeuvre.

Introduction

Classical physiological functions of the carotid body.
The carotid body (CB) is the principal oxygen chemo-
receptor in both mammals and humans, playing crucial
functions in maintaining respiratory, cardiovascular and
neurohumoral homeostasis. The CBs are paired organs
strategically located in the bifurcations of the common
carotid arteries, weighing about 12 mg in adult health
humans (Heath et al. 1970). The CB is composed of
clusters of type I cells (glomus or chemoreceptor cells)
organized around capillaries and surrounded by type II
(sustentacular glial cells). Type I cells are the oxygen
sensors that make synaptic contacts with the nerve
terminals of primary sensory afferent neurons, whose peri-
karya are in the petrosal ganglion (Iturriaga & Alcayaga,
2004; Kumar & Prabhakar, 2012; Lopez Barneo et al.
2016). The most accepted model of O2 transduction
states that hypoxia inhibits K+ channels, leading to type
I cell depolarization, entry of Ca2+ through L-type Ca2+
channels, and the release of one or more excitatory trans-
mitters (acetylcholine and adenosine triphosphate), which
in turn increases the neural discharge of the nerve endings
of the chemosensory neurons. The chemotransduction
process is modulated by several molecules produced
within the CB, including nitric oxide (NO), hydro-
gen sulfide (H2S), endothelin-1 (ET-1) and angiotensin
II (Ang II) (Iturriaga & Alcayaga, 2004; Kumar &
Prabhakar, 2012). According to the classical physiological
conception, the CB is crucially involved in the regulation
of respiratory blood gases and pH, eliciting cardio-
respiratrory and sympathetic reflexes and contributing to
the ventilatory acclimatization induced by chronic hypo-
xaemia at high altitude. However, the CB is a complex
chemoreceptor organ implicated in a series of physio-
logical and pathological processes in health and disease.

Indeed, the CB is a polymodal chemoreceptor, stimulated
not only by hypoxia but also by hypercapnia, acidosis,
temperature, osmolarity, and glucose. The stimulation of
the CB elicits a variety of robust ventilatory, autonomic,
cardiovascular, renal and endocrine responses (Kumar &
Prabhakar, 2012).

A new role for the carotid body in human
sympathetic-related diseases. The CB has been impli-
cated in some human pathologies, including sudden
infant death syndrome (Gauda et al. 2004; Pozionato
et al. 2013), congenital central hypoventilation syndrome
(Cutz et al. 1997), and carotid body tumours. Among
these pathologies, the most common clinical condition
associated with the CB is the tumours, which are
surgically resected or destroyed by external beam radio-
therapy (Suarez et al. 2014; Fudim et al. 2015). Indeed,
approximately one-third of the total CB publications
from 1900 to 2016 were connected to tumours (Fig. 1).
Nevertheless, a growing body of new evidence has
shown that an abnormal enhanced CB chemosensory
discharge elicits sympathetic hyperreactivity, which is
the common hallmark of resistant hypertension, systolic
heart failure (HF), obstructive sleep apnoea (OSA) and
cardiometabolic diseases (for reviews, see: Schultz et al.
2013; Iturriaga et al. 2016, 2017; Prabhakar, 2016; Conde
et al. 2017). Certainly, in the last decade the idea that the
CB plays a major role in the progression and maintenance
of hypertension, cardiorespiratory and autonomic
alterations in OSA, HF and cardiometabolic diseases
has received progressive attention (Fig. 2). The results
from studies using preclinical models have contributed to
the novel idea that a heightened CB-driven chemoreflex
is involved in those human pathologies (Fig. 3). The
augmented sympathetic activity triggered by the enhanced
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CB discharge, along with a reduction in the baroreflex
efficiency, impairs the regulation of the vasomotor tone
of blood vessels, resulting in endothelial dysfunction
and hypertension. The mechanisms underlying the CB
chemosensory potentiation elicited by those diseases are
not completely known. However, it is likely that alteration
of the normal CB chemotransduction process due to
oxidative stress is responsible for the carotid chemo-
sensory potentiation in OSA, HF and metabolic models
(Peng & Prabhakar, 2003, 2004; Ding et al. 2009; Del Rio
et al. 2010; Conde et al. 2017). For instance, intermittent
hypoxia (IH), the main characteristic of OSA produces
CB oxidative that increases ET-1, angiotensin II and
pro-inflammatory cytokines levels in the CB (Iturriaga
et al. 2014). The ablation of the CB improves animal
survival in experimental models of HF (Del Rio et al.
2013a), restores autonomic balance and reduces elevated
blood pressure in rats exposed to intermittent hypoxia
(Del Rio et al. 2016) and spontaneous hypertensive rats
(Abdala et al. 2012), and prevents insulin resistance in rats
fed with high-energy diets (Ribeiro et al. 2013; Sacramento
et al. 2017). Accordingly, the surgical elimination of one
or both CBs has been proposed as a clinical treatment
for resistant hypertension (McBryde et al. 2013; Paton
et al. 2013), and sympathetic overactivity induced by
HF (Del Rio et al. 2013a; Niewinski et al. 2013; Schultz
et al. 2013). Recently, two pilot clinical trial has been
performed for first time in humans, to assess whether the
CB ablation may ameliorate the resistant hypertension
(Narkiewicz et al. 2016), and the sympathetic overactivity
in HF (Niewinski et al. 2017).

Carotid body chemosensory potentiation
in sympathetic-relates diseases

Obstructive sleep apnoea. Obstructive sleep apnoea
(OSA) is a growing sleep-breathing disorder considered
as an independent risk factor for systemic hypertension,
and associated with stroke, heart failure, lung hyper-
tension and atrial fibrillation (Gozal & Kheirandish-Gozal,
2008; Somers et al. 2008; Garvey et al. 2009). During
sleep, OSA patients suffer complete or partial episodes
of airflow obstruction produced by the collapse of the
upper airways, leading to hypoxia and hypercapnia, which
stimulates the CB, eliciting ventilatory, autonomic and
vasopressor reflexes (Gozal & Kheirandish-Gozal, 2008;
Somers et al. 2008; Garvey et al. 2009). The CB stimulation
increases muscle respiratory activity leading to great
inspiratory efforts and negative intrathoracic pressure,
and finally micro-arousals. Among these alterations, IH
is considered the main factor in systemic hypertension
(Gozal & Kheirandish-Gozal, 2008; Somers et al. 2008;
Garvey et al. 2009). It is well known that OSA patients show
augmented cardiorespiratory and sympathetic responses
to acute hypoxia, attributed to an enhanced CB chemo-
reflex (Narkiewicz et al. 1999; Kara et al. 2003; Somers et al.
2008). Similarly, animals exposed to IH, the gold-standard
model of OSA, develop enhanced cardiorespiratory and
sympathetic responses to acute hypoxia, and hypertension
(Fletcher et al. 1992; Peng & Prabhakar, 2003, 2004;
Huang et al. 2009; Iturriaga et al. 2009; Del Rio et al.
2010, 2016). The autonomic imbalance produced by IH
is characterized by enhanced sympathetic discharges to
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Figure 1. One-third of the total carotid body publications are connected with tumours
Number of publications that mention the words ‘carotid body’ plus ‘tumour and chemodectoma’ (red) related
to the total number of carotid body articles (black) listed from 1900 to 2016 in PubMed (MEDLINE, US National
Library of Medicine – National Institute of Health, https://www.nlm.nih.gov/)
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the kidney and muscles blood vessels, alterations of heart
rate variability and reduction of the cardiac baroreflex
sensitivity (Lai et al. 2006; Rey et al. 2008; Kuo et al.
2011; Prabhakar, 2016). Fletcher et al. (1992) observed
that bilateral CB denervation prevented the hypertension
in rats exposed to IH for 35 days, revealing a crucial role
for the CB in OSA-related hypertension. Despite this semi-
nal observation, the idea that the CB may contribute
to the cardiovascular pathologies associated with OSA
was not considered until the last decade (Somers et al.
2008; Garvey et al. 2009; Iturriaga et al. 2009; Dempsey &
Smith, 2014; Prabhakar 2016). New evidence has shown
that an abnormal enhanced CB chemosensory discharge
in both normoxia (tonic) and hypoxia (hyperreflexia)
contributes to the sympathetic hyperactivity. Recordings
of chemosensory discharges from the carotid sinus nerve
performed by Prabhakar´s and Iturriaga´s labs have shown
that IH selectively increases basal discharge in normoxia
and potentiates chemosensory responses to hypoxia in
rodents and cats (Peng & Prabhakar, 2003, 2004; Rey
et al. 2004, 2008; Iturriaga et al. 2009; Del Rio et al.

2010). Moreover, Peng & Prabhakar (2003) showed that
IH elicited long-term facilitation of CB chemosensory
discharge. They found that CB chemosensory discharges
progressively increased when the CB from rats exposed
to IH was excited by repetitive acute hypoxic episodes,
an effect that persisted for 60 min following the end
of the last hypoxic stimulus. The enhanced CB chemo-
sensory discharge activates the NTS and the RVLM
leading to sympathetic-adrenal overflow (Peng et al. 2014;
Prahabkar, 2016).

Oxidative stress enhances carotid body chemosensory
discharges in intermittent hypoxia. Oxidative stress has
been proposed as the key mediator of both the enhanced
CB chemosensory discharge and the systemic hyper-
tension induced by IH. Indeed, IH produces systemic
and local CB oxidative stress that is involved in the
enhanced chemosensory responsiveness to hypoxia (Peng
& Prabhakar, 2003, 2004; Iturriaga et al. 2009; Del Rio et al.
2010). The hypertension elicited by IH in experimental
models of OSA depends on the increased production
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Figure 2. Progression of the number of carotid body publications associated with sympathetic mediated
diseases
Progression of the number of publications that mention the words ‘carotid body’ plus ‘heart failure’ (blue),
‘obstructive sleep apnoea (OSA) and intermittent hypoxia’ (yellow), ‘hypertension’ (red), and ‘glycemia and insulin’
(black) listed from 1900–2016 in PubMed (MEDLINE, US National Library of Medicine – National Institute of
Health, https://www.nlm.nih.gov/). Note the continuous growth in the number of articles published from 2000,
showing the increasing interest in the contribution of the carotid body to the progression of cardiorespiratory and
autonomic alterations in OSA, HF, hypertension and cardiometabolic diseases.
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of reactive oxygen (ROS) and nitrogen species (RNS),
and the activation of downstream signalling pathways
such as ET-1, Ang II and pro-inflammatory cytokines
(Iturriaga et al. 2014; Prabhakar, 2016). Exposure of
rats to IH increases ROS levels in the CB chemoreflex
pathway including the NTS, RVLM, and adrenal medulla,
an effect that is prevented by CB ablation (Peng et al.
2014). Prabhakar and colleges proposed that IH alters the
balance of the hypoxia-inducible factors HIF-1α/HIF-2α,
favouring the transcription of pro-oxidant enzymes
leading to oxidative stress, due to the up-regulation
of pro-oxidant enzymes (e.g. NADPH), as well as the
down-regulation of antioxidant enzymes (e.g. SOD) (for
review, see Prabhakar, 2016). Rodents exposed to IH and
treated with antioxidants show a reduction in systemic
and local CB oxidative stress, sympathetic hyperactivation
and hypertension (Peng & Prabhakar, 2003; Del Rio et al.
2010; Peng et al. 2014). The oxidative stress effects of IH
are likely mediated by DNA methylation, an epigenetic
mechanism. Indeed, ecitabine, a DNA hypomethylating
agent, normalized ROS levels in the chemoreflex pathway
(NTS, RVLM) and normalized arterial blood pressure
(BP) as well as sympathetic activity (Nanduri et al. 2017).
Antioxidant treatment prevents (Peng & Prabhakar, 2003;
Del Rio et al. 2010) and reverses (Moya et al. 2016) the

enhanced CB discharges and the systemic hypertension,
making it unfeasible to establish any causal relationship
between the enhanced CB discharge and the hypertension.
Accordingly, to assess the causal contribution of the
CB to the hypertension, we tested whether autonomic
alterations, cardiac arrhythmogenesis and the hyper-
tension induced by IH depended on the enhanced CB
chemosensory drive by eliminating the CB chemosensory
input (Del Rio et al. 2016). We ablated both CBs in
hypertensive rats, exposed to IH (5% O2, 12 times h−1

8 h day−1) for 21 days. At day 21 of IH exposure, rats
underwent bilateral CB ablation and then were exposed
to IH for 7 more days. IH increased BP in 3–4 days
(mean BP 10 mmHg), enhanced the ventilatory response
to acute hypoxia, produced autonomic imbalance towards
sympathetic predominance, reduced cardiac baroreflex
gain, and increased cardiac arrhythmias. Bilateral CB
ablation normalized the elevated BP, reduced the enhanced
ventilatory response to hypoxia, restored cardiac auto-
nomic and baroreflex sensitivity, and reduced the number
of arrhythmias, but not the systemic oxidative stress. These
results indicate that autonomic alterations induced by IH
are critically dependent on CB chemosensory potentiation
and support a main role for the CB in IH-induced
hypertension.

Hypertension 
Systolic heart failure
High-energy diets
Obstructive sleep apnoea

Increased respiratory
sympathetic coupling
Ventilatory instability
Baroreflex and autonomic 
alterations 

Oxidative Stress
(HIF 1α/HIF 2α)
ET-1, Ang II, NO, H2S
Pro-inflammatory cytokines

Pancreas Adrenal medulla Kidney Heart Resistance arteries

Carotid body chemosensory potentiation

NTS, PVN, RVLM 

Sympathetic potentiation 

Endothelial dysfunction, insulin resistance, fibrosis, hypertension ...

Figure 3. Contribution of the carotid body to the pathological effects mediated by sympathetic hyper-
activation in human diseases
Diagram showing the pivotal role played by the carotid body in the pathological effects mediated by sympathetic
hyperactivation in heart failure, obstructive sleep apnoea, hypertension and cardiometabolic diseases. Oxidative
stress and inflammation are associated with carotid body chemosensory potentiation, leading to an increase in
sympathetic nervous system activity, which promotes autonomic dysfunction, ventilatory instability, baroreflex
alterations, hypertension, fibrosis, and insulin resistance.
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Systolic heart failure. Systolic heart failure (HF),
characterized by a progressive decrease in ejection fraction
is associated with autonomic imbalance, sympathetic
hyperactivation and irregular breathing patterns (Sun
et al. 1999; Ding et al. 2009; Schultz et al. 2013). Indeed,
enhanced CB chemoreflex and sympathetic outflow
have been found in HF patients and in experimental
animal models (Del Rio et al. 2013a; Niewinski et al.
2013; Schultz et al. 2013). Furthermore, high hypoxic
CB chemosensitivity correlates with poor prognosis and
high mortality rate in patients with HF (Ponikowski
et al. 2001). Schultz and colleges found an enhanced
CB baseline discharge in normoxia and potentiated
chemosensory responses to hypoxia in pacing-induced
HF rabbits, which in turn increased the sympathetic renal
discharges (Sun et al. 1999; Ding et al. 2009). Marcus et al.
(2014) found that enhanced CB chemosensory discharge
increased respiratory-sympathetic coupling in HF rabbits.
They showed that the ablation of both CBs decreased
pre-sympathetic neuron activation in the RVLM, restored
normal sympathetic activity, and reduced irregular
breathing patterns. In addition, Del Rio et al. (2013a)
found in rats with coronary artery ligation-induced HF, a
well-established model of HF, that selective ablation of the
CBs reduced pre-sympathetic neuronal activation in the
RVLM, normalized sympathetic outflow and baroreflex
sensitivity, and restored breathing stability. Furthermore,
if the CB ablation was performed early during the
progression of HF, the manoeuvre reduced fibrosis in
the ventricular myocardium, decreased the number of
cardiac arrhythmias, and improved rat survival (Del Rio
et al. 2013a). These results support the hypothesis that
enhanced CB chemosensory discharge drives abnormal
breathing patterns and increased sympathetic outflow
in HF.

Oxidative stress is involved in HF-induced carotid
body potentiation. The mechanisms underlying the CB
chemosensory potentiation in HF animal models is related
to the diminution of CB blood flow due to the reduced
cardiac output. The reduction of CB flow diminished
NO production and increased oxidative stress within the
CB. Li et al. (2005) demonstrated that neuronal nitric
oxide synthase (nNOs) gene transfer using adenoviral
vector to the CB of HF-rabbits increased nNOS and
NO levels within the CB, and most notably reversed
the enhanced CB chemosensory discharges. Following
reduction of arterial blood flow to the CB, NADPH oxidase
was activated by Ang II due to upregulation of angiotensin
converting enzyme (ACE) and downregulation of CuZn-
and Mn-SOD in the CB (Li et al. 2005). Schultz &
Marcus (2012) proposed that the Kruppel-like factor
2 (KLF2), a mechano-activated transcription factor
that represses ACE and induces eNOS expression
in endothelial cells, is reduced in the CB. Indeed,

adenoviral gene transfer of KLF2 to the CB normalizes
the hypoxic ventilatory response and decreases the
incidence of periodic breathing in HF rabbits (Schultz &
Marcus, 2012).

Hypertension. Trzebski et al. (1982) proposed that the CB
is involved in development of systemic hypertension. They
found that ventilatory and BP responses to hypoxia were
larger in mild-hypertensive young subjects, compared to
controls. Sinski et al. (2012) performed a randomized,
crossover, placebo-controlled study in untreated hyper-
tensive male patients. Compared with controls, hyper-
tensive subjects had higher resting muscle sympathetic
neural activity (MSNA), and systolic and diastolic BP.
Breathing 100% oxygen (Dejour´s Test), which deactivates
the CB chemosensory discharge, reduced MSNA in hyper-
tensive subjects but not in controls. Respiratory frequency,
end tidal CO2 and baseline BP did not change during
CB chemosensory deactivation with hyperoxia. These
results suggest a tonic role for CB chemosensory drive
in the development of sympathetic overactivity in hyper-
tension. Direct evidence that CB chemosensory discharge
is enhanced in hypertension was provided by Fukuda et al.
(1987). They recorded CB chemosensory responses to
hypoxia and hypercapnia from the carotid sinus nerve
of spontaneously hypertensive rats (SHR) and found
that the hypoxia chemosensitivity was higher in SHR
than in control rats, while the chemosensory response
to CO2 was almost the same in both groups. Abdala
et al. (2012) tested the hypothesis that an enhanced CB
chemosensory discharge contributes to the development
and maintenance of hypertension in SHR. They cut the
carotid sinus nerves in 4- and 12-week-old SHR and found
that the denervation in young rats delayed the onset of
hypertension, while in adult SHR the CB denervation
reduced the elevated BP by �20 mmHg. In addition,
the CB denervation decreased sympathetic hyperactivity
and improved the cardiac baroreflex sensitivity (Abdala
et al. 2012). It is worth noting that unilateral carotid
sinus denervation was ineffective at decreasing BP, while
bilateral denervation was more effective at reducing BP
compared to sympathetic renal denervation (Abdala et al.
2012). These results suggest that CBs are overactive in SHR
and contribute to the development and maintenance of
the hypertension and the elevated sympathetic tone. More
recently, Pijacka et al. (2016a) showed that carotid sinus
denervation in Goldblatt hypertensive (two kidney-one
clip) rats reduced the elevated BP, which was accompanied
by improvements in both baroreflex sensitivity and
spectral indicators of cardiac sympatho-vagal balance.
Thus, results obtained by Paton and colleagues support
the idea that peripheral CB chemoreflex should
be considered as a potential therapeutic target for
controlling hypertension (McBryde et al. 2013; Paton
et al. 2013).

C© 2017 The Authors. The Journal of Physiology C© 2017 The Physiological Society



J Physiol 596.15 Carotid body and sympathetic related diseases 3073

Cardiometabolic alterations. Metabolic alterations are
associated with autonomic dysfunction, sympathetic
hyperactivity, reduced baroreflex sensitivity and hyper-
tension (Smith & Minson, 2012; Lehnen et al. 2013).
On the other hand, the CB has been involved in the
metabolic regulation of glucose and insulin (Koyama
et al. 2000). Thus, it is possible that an enhanced CB
chemosensory discharge may be involved in the metabolic
syndrome. Accordingly, Ribeiro et al. (2013) studied
the possible contribution of the CB in an experimental
model of insulin resistance induced by high fat-sucrose
diets in rats. They found that CB denervation pre-
vented the insulin resistance and hypertension induced
by the high fat diet, suggesting that insulin-induced
CB chemosensory excitation contributes to increases in
the sympathetic outflow, leading to a positive feed-
back, which results in insulin resistance and hyper-
tension. More recently, Sacramento et al. (2017) studied
whether bilateral carotid sinus neurotomy may reverse
pre-established insulin resistance, dyslipidaemia, obesity,
autonomic dysfunction and hypertension in rats fed with
a high-fat diet, representing a model of insulin resistance.
They found that carotid sinus neurotomy normalized
sympathetic nervous system tone and reversed weight gain
induced by high-energy diets. The bilateral carotid sinus
neurotomy also normalized plasma glucose and insulin
levels, insulin sensitivity lipid profile, BP and endothelial
function by improving glucose uptake by the liver and
adipose tissue. Thus, data obtained from CB neurotomy
experiments suggest an important role for the CB in
metabolic alterations. However, direct neural recordings
of CB chemosensory discharge in metabolically altered
models are required to find out if metabolic alterations
enhanced the CB chemosensory activity.

Translating carotid function into clinical medicine

New knowledge obtained from preclinical models
supports CB ablation as a therapeutic tool in humans.
The data obtained from preclinical models revealed
the crucial role played by the CB in mediating
sympathetic hyperactivation, breathing instability, auto-
nomic alterations, insulin resistance and hypertension.
The elimination of the enhanced CB chemosensory
drive to the brainstem (1) reduced the elevated BP in
rodent models of OSA (Del Rio et al. 2016), Goldblatt
hypertension (Pijacka et al. 2016a) and spontaneous
hypertension (Abdala et al. 2012); (2) reduced the
breathing instability, the enhanced sympathetic activity
and improved the survival rate in animal models of
HF (Del Rio et al. 2013a, Marcus et al. 2014); and
(3) abolished the insulin resistance in a model of
rats feed with rich-energy diets (Ribeiro et al. 2013;
Sacramento et al. 2017). Taken together, these data strongly
suggest that an enhanced CB chemosensory discharge

contributes to potentiate the sympathetic activity leading
to the development and progression of cardiorespiratory
and metabolic diseases in humans. According, Paton
and colleagues proposed the ablation of the CB as
an anti-hypertensive treatment in drug-resistant hyper-
tensive and HF patients (McBryde et al. 2013; Narkiewicz
et al. 2016; Paton et al. 2013).

Pilot CB ablation studies in humans with persistent hyper-
tension or heart failure. Recently, results from two safety
pilot studies that examined the feasibility and potential
benefits of he CB ablation in humans suffering from severe
hypertension and HR have been reported (Narkiewicz
et al. 2016; Niewinsky et al. 2017). Narkiewicz et al. (2016)
performed a pilot study to assess the effectiveness, safety
and feasibility of CB ablation in patients with hypertension
resistant to pharmacological treatment. This work was the
first-in-man study to assess the effects of unilateral CB
resection in 7 male and 8 female resistant hypertensive
patients with systolic and diastolic pressures over 180
and 103 mmHg, respectively. When BP data were pooled
from all the patients, no statistical differences were found
following the unilateral CB resection. According to the
observed effects on BP, the authors classified patients into
two groups: (1) responders – 8 patients with evidence of
glomus cells in the resected tissue and a �10 mmHg drop
in BP at 3 month follow-up visit; (2) non-responders –
6 patients with evidence of glomus cells in the resected
tissue, but who did not show a �10 mmHg drop in
BP after 3 month follow-up. At 3 months after the CB
resection, responders showed a reduced daytime BP that
persisted 6 months after resection, but not at 12 months.
Nighttime BP showed similar behaviour. It is worth noting
that the BP level in the responder group remained lower
compared to the non-responder group at 12 months. The
responder group showed a higher ventilatory response
to hypoxia, suggesting an enhanced CB chemoreflex.
In addition,the responders group showed a reduction
in MSNA with a similar time course to the BP drop,
suggesting a reduction in vasomotor tone. Narkiewicz et al.
(2016) also found an improvement in baroreflex sensitivity
in the responder group, but not in the non-responder
patients, which contributed to lowering BP. Thus, it is
plausible that unilateral CB ablation may be useful in
reducing elevated BP in a subset of severe hypertensive
patients with enhanced ventilatory chemoreflex responses.
Fudim et al. (2015) also found that unilateral resection
of a CB tumour in one patient with hypertension failed
to decrease BP. The transient reduction in the elevated
BP following unilateral CB resection suggested that the
enhanced chemosensory discharge in the remained CB
was enough to elevate BP in the long term. Classical
experiments involving sinoaortic denervation in animals
have shown that peripheral baroreceptors and chemo-
receptors do not contribute to setting the long-term

C© 2017 The Authors. The Journal of Physiology C© 2017 The Physiological Society
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BP level, but contribute to attenuating short-term BP
variability. The long-term BP set-point is determined
by the kidney, which controls osmolarity and corporal
volume (Cowley et al. 1973).

Niewinsky et al. (2017) reported the effects CB resection
on sympathetic hyperactivity in human systolic HF. This
first-in-man study was performed in 10 male patients with
systolic HF with a left ventricle ejection of 27 ± 7%.
From the 10 patients, 6 patients underwent unilateral
right-sided CB ablation and the remaining 4 bilateral CB
ablation. Patients showed a reduced ventilatory response
to hypoxia and MNSA levels during 2 months after
the CB ablation, and some improved exercise tolerance.
Their quality of life showed a significant improvement at
1 month, but the score measured at 2 months did not show
significant differences. Fatigue and shortness of breath
scores showed some improvement, but only the fatigue
score was statistically different at 1 and 2 months. The
authors observed a trend towards worsening nocturnal O2

saturation at night in patients with bilateral CB resection,
while one case required non-invasive ventilation. They
concluded that this first study in man showed that CBs
resection in patients with systolic HF is associated with
a decrease in sympathetic activity, although bilateral CB
ablation may produce a risk of worsening nocturnal
oxygenation.

Perspectives

New evidence obtained by several research groups has
contributed to the novel idea that an enhanced CB chemo-
sensory discharge triggers sympathetic hyperactivity in
human pathologies. This new knowledge supported the
idea that the reduction or elimination of the heightened
CB tonic chemosensory drive and potentiated hypoxic
responses could be used as a therapeutic approach to
reduce sympathetic hyperactivation, as well as severe
hypertension, in humans. Furthermore, the results of
recent pilot studies performed in patients show the
feasibility and safety of this approach (Narkiewicz et al.
2016; Niewinski et al. 2017). Accordingly, a clinical trial is
on course to assess the feasibility of unilateral endovascular
CB ablation in a large cohort of patients with refractory
hypertension (clinicaltrials.gov:NCT02519868).

Since, the CB plays a crucial role during hypoxia,
exercise and sleep, some concerns about the potential
side-effects of CB ablation have been raised, which may
preclude wide use of this manoeuvre (Dempsey & Smith,
2014: Johnson & Joyner, 2013). The main concerns are:

(1) Lack of hypoxic responses following CBs ablation,
which may result in nocturnal oxygen desaturation.
Nakayama (1961) reported that bilateral CB ablation
performed in asthma patients to improve the
sensation of air hunger resulted in reduction of

BP. However, Honda (1985) studied some of these
patients 20 years after the CB resection and found
a 90% loss of ventilatory reflex response to hypoxia
and a depression of CO2 chemosensitivity. Similarly,
Wade et al. (1970) studied the ventilatory responses
to hypoxia and hypercapnia in patients before and
1–9 weeks after CB endarterectomy for transient
attacks of cerebral ischaemia. They found that the
ventilatory responses remained unchanged in patients
that underwent unilateral CB endarterectomy, while
the hypoxic response was abolished in patients
following bilateral CB endarterectomy. Thus, bilateral
CB endarterectomy resulted in a loss of CB function.
The blunted hypoxic response following bilateral CB
ablation may preclude exposure to hypoxia at high
altitude and in airplanes. The cabin pressurization
in modern airplanes is equivalent to an altitude of
2100–2400 m, which is safe for normal subjects, but
perhaps not for CB-ablated patients with blunted
respiratory and sympathetic responses to hypoxia.

(2) Selectivity of the CB ablation without affecting
baroreceptor function. Some studies that assessed
baroreceptor function showed an increased BP
variability and a reduced baroreflex sensitivity
following bilateral CB resection (Fudim et al. 2015).

(3) Associated comorbidities. Many HF and hyper-
tensive patients may develop during their lives
OSA and/or metabolic alterations (hyperglycaemia,
dyslipidaemia, insulin resistance), with the chance
of suffering apnoea episodes and severe nocturnal
hypoxaemias. Thus, the utilization of drugs that
reduce enhanced CB chemosensory discharge is an
attractive possibility. Indeed, Pijacka et al. (2016b)
found that antagonism of P2X3 receptors reduced BP,
basal sympathetic activity and normalized enhanced
CB hyperreflexia in conscious rats with hyper-
tension, while no effect was observed in rats without
hypertension. On the other hand, Del Rio et al.
(2013b) found that H2S inhibition in rats with
congestive HF reduced the apnoea index by 90%,
the breathing variability by 40–60%, and reversed
the enhanced CB chemosensory discharges and
chemoreflex responses Taken together, these results
support the idea that pharmacological treatments
could be used to decrease the enhanced CB chemo-
sensory drive, sympathetic hyperactivation outflow
and cardiorespiratory alterations.

Summary. In conclusion, CB ablation could be a useful
method to reverse enhanced CB chemosensory discharges
and chemoreflexes in HF and severe hypertension, but
caution is required before widespread clinical use of
bilateral CB ablation or bilateral carotid sinus neuro-
tomy, which abolished ventilatory responses to hypoxia
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and may eliminate baroreceptor fibres. Certainly, new pre-
clinical studies are needed to assess the long-term effects of
CB ablation on pathological consequences and mortality
rates in experimental models of obstructive sleep apnoea
and cardiometabolic syndrome. The use of new models
mimicking human comorbidities (OSA, HF, metabolic
syndrome, ageing) will be helpful to evaluate side-effects
of CB ablation.
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