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The brain is the main regulator of blood pressure (BP) homeostasis, yet
it is a target organ of the injury induced by acute and chronic BP altera-
tions, like hypertension and hypotension. As such, medical school text-
books for cardiologists and neurologists deal with the role of BP in
influencing the heart and brain connection. On this notice, the advance-
ments in clinical and basic research knowledge, we have assisted in the
last decades highlighted the emerging need of professionals with a com-
bined expertise of ‘cardio-neurologists’ and ‘cardio-neuroscientists’.

While neuroscientists with a ‘classical’ training are well familiar with
the neurocentric knowledge of the brain as a target organ of acute and
chronic BP variations, they might be less familiar with the basic mecha-
nisms regulating haemodynamic forces—like cardiac and vascular reac-
tivity—which represent the fundamental machinery to develop and
regulate BP. On the other hand, cardiologists might lack a deep knowl-
edge of the brain structures more susceptible to target organ damage in-
duced by BP fluctuations or involved in BP regulation. Clinical and basic
science environments that routinely combine these two fields of speciali-
zation helped in increasing the awareness of how important the heart
and brain connection in hypertension is. More recently, the scenario has
been enriched by the increasing insights into the previously unrecognized
role of the immune system, which interplays with both the cardiovascu-
lar and the nervous system to finely tune the steady-state homeostasis as
well as pathophysiological conditions.1 Here, we will comment on recent
publications that offer interesting perspectives on the new topics of the
neurology of hypertension that inspire and deserve future investigations.

The brain is connected to visceral organs with the autonomic nervous
system (ANS)—a combination of afferent/efferent sympathetic and
parasympathetic neurons. An imbalance in the ANS is a typical neuro-
genic cause of hypertension and often accompanies many cardiovascular
diseases (CVD).1 Observations showing that the ANS interacts with the
renin–angiotensin–aldosterone system—another master regulator of
cardiovascular function—prompted studies investigating how the brain
establishes this interplay. Receptors for angiotensin II (AngII) are densely
enriched in the brain, particularly in those areas that lack a tight blood–
brain barrier (BBB) and are exposed to circulating substances (like AngII
itself)—the circumventricular organs (CVOs). Hence, the role of brain

AngII receptors was examined to unravel how the brain sets the balance
of ANS and regulates cardiovascular function (see reference 1 for re-
view). On another notice, the emerging role of the immune system in hy-
pertension fuelled the search for neuroimmune interactions involved in
the ANS control of cardiovascular function. While ANS control of classi-
cal organs involved in BP regulation—vasculature, kidney, heart—has
been demonstrated in experimental models and humans from decades,
the role in modulating the immune response involved in hypertension
has been recently discovered.2 By using peripheral nerves microneurog-
raphy—a technique that over the past decades allowed to understand
the complex reflex regulation of cardiovascular function—it was shown
that hypertensive stimuli enhance the sympathetic outflow of the splenic
nerve to prime the immune response in the spleen.2 Selective denerva-
tion of the upstream ganglionic station—obtained by coeliac ganglionec-
tomy—inhibited the BP increase to AngII.2 This observation has been
successively confirmed also in genetically hypertensive mice,3 further in-
dicating a critical role of this neural reflex in hypertension. In a transla-
tional perspective, a recent application of bioelectronic medicine tools
to hypertension showed that it is indeed possible modulating the im-
mune response by eliciting a splenic neural reflex through the efferent
vagus nerve,4 opening the field to novel therapeutic strategies for CVD.

Neuroimmune interactions are also established in the brain and par-
ticipate in the modulation of neural mechanisms and reflexes. The lack of
a BBB in CVOs allows free transit of circulating substances other than
AngII—like cytokines, which are induced by hypertensive stimuli—per-
mitting the direct activation of neurons and microglial cells. On this no-
tice, the evidence that CVOs also express cytokines’ receptors supports
the existence of central neuroimmune mechanisms modulating the di-
rect effect of AngII. ANS control of the cardiovascular system depends
on the precise coordination between neurons in central autonomic brain
nuclei—the subfornical organ, the paraventricular nucleus of the hypo-
thalamus, the nucleus of the solitary tract (NTS), and the rostral ventro-
lateral medulla (RVLM)—that integrate baroreceptor reflex and efferent
sympathetic tone. However, the elucidation of central and peripheral
neuroimmune mechanisms involved in the development of hypertension
is just at the beginning. A recent observation highlighted a role of the
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..TNF-a type-1 receptor (TNFR1) expressing neurons of the area post-
rema (AP)—located dorsally to the NTS—in the hypertensive response
and enhanced renal sympathetic outflow in rats.5 Interesting to notice,
the AP represents an important autonomic structure that communicates
with both the NTS (the first station of the baroreceptor reflex) and
RVLM (a crucial generator of sympathetic tone), thus suggesting that
neuroimmune mechanisms might be involved in setting ANS balance in
hypertension. Future studies will be necessary to elucidate the complex
interactions established among the nervous, immune, and cardiovascular
systems.

While we have summarized some key nodes of the brain-to-periphery
connection, where neuroimmune interactions emerge as relevant and
indispensable regulators of BP, the other way around is crucial as well.
Signals collected at peripheral districts are conveyed to the brain where
they contribute to the multitude of information integrated by central au-
tonomic brain nuclei and transduced into reflex responses. One of the
most intensely studied peripheral relay stations that modulates signals
that are transmitted to the brain is the carotid body, a highly vascularized
ensemble of nerve fibres that finely tunes brain-to-periphery connec-
tions (see reference 6 for review). Investigating whether neuroimmune
interactions take place in this organ would be worthy.

At the same time, BP variations continuously challenge the brain, mak-
ing this latter at the centre of a vicious circle (Figure 1). Hypertension is
well known to modify the structure and function of the cerebral vascula-
ture, yet how the frequently reported cerebrovascular effects of

hypertension lead to cognitive decline and boost Alzheimer’s disease re-
main to be elucidated. Considering that a significant proportion of the
population in industrialized countries is exposed to a constantly growing
risk of dementia and that hypertension is one of the most diffuse vascular
risk factors in the adult and aged population, the interactions existing be-
tween each other represent a crucial matter of investigation. While basic
science studies started to highlight immune-related mechanisms that un-
derlie the potent effects induced by BP in the brain,7 the possibility to
identify patients at risk in early stages is becoming a demanding clinical
need. Large community-based population studies clearly associated hy-
pertension with increased risk of dementia.8 On this notice, a recent
analysis conducted on the UK biobank population clarified that while ag-
ing is an undoubtable risk factor that contributes to cognitive decline in
CVD, mid-life exposure to high BP is strongly associated with clinically
manifest brain damage [identified as white matter hyperintensities
(WMH)].8 Significant associations between increased WMH and BP
were found, even before the age of 50 and when antihypertensive treat-
ments assured BP values below common thresholds.8 Thus, the availabil-
ity of diagnostic tools to identify patients at risk in pre-hypertensive or at
early hypertensive stages may help to develop approaches to preserve
brain health in hypertensive patients. Recent works conducted in popula-
tions of hypertensive subjects characterized by adequate BP control and
by the absence of any clinical sign of brain damage—thus in a pre-symp-
tomatic phase—identified a specific pattern of subtle structural and func-
tional brain alterations, through advanced tools of neuroimaging.9,10 The

Figure 1 Schematic representation of the heart and brain connection. The left side of the figure represents the routes through which the brain influences
pathways involved in blood pressure regulation. The right side of the figure shows how hypertension may induce brain damage. Figure created with
Biorender.com.
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..application of a neuroimaging-based non-invasive biomarker to hyper-
tensive patients could prove as an invaluable tool to identify patients at
risk of developing dementia.
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