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Context

A significant number of antihypertensive drugs have 
been developed to inhibit putative neurohormonal 
mechanisms involved in the pathogenesis of hyperten-
sion. However, the BP control rate and primary preven-
tion of cerebrovascular events remain lower than 
desirable. The risk for cardiovascular and cerebrovascu-
lar events depends not only on the magnitude of BP 
elevation but also on BP variables including circadian 
rhythm, BP variability, and day-night-time BP ratio. 
These BP fluctuations are detrimental risk factors for 
the circulation of the brain leading to silent or whis-
pering brain damage. Brain damage can be the only 
hypertension-mediated organ damage affecting at least 
30% of hypertensive patients for several years before 
developing symptoms [1]. Current assessment of brain 
injury depends primarily on overt neurological deficits; 
therefore, it may be too late for initial screening and 
prevention. The recently proposed term “ambibaric” 
brain for the dual (high and low) BP systems appears 
to play a crucial role in optimal brain health [2].

“Difficult to treat” cerebral hemodynamics

The brain circulation is divided into two compartments 
including (1) a high-pressure compartment with rapid 
BP drop across the vessels (the evolutionary old basal 

ganglia, thalamus, and midbrain), supplied directly by 
the right angle branches of the arteries of the circle 
of Willis, and (2) low-pressure compartment with a 
gradual drop in pressure, comprising of the hemispher-
ical arteries and arterioles, a highly anastomotic net-
work, which runs through the parenchyma [2]. The 
deep subcortical white matter is also supplied by these 
long penetrating low-pressure arteries. Thus, the pres-
sure in the cortex is around 33-42% lower than that 
in the basal ganglia and the evolutionary old structures 
of the brain. Hypertension affects cerebral arterioles 
resulting in impaired autoregulation and an inward 
remodelling process associated with the changes in 
vascular passive diameter, wall thickness, and elastic 
properties of the resistance arteries in hypertension. A 
flow with high pulsatile energy is transmitted through, 
for example, the lenticulostriate arteries in the partic-
ularly vulnerable evolutionary old structures and may 
lead to structural damage with the corresponding neu-
roimaging correlates. On the other hand, the impaired 
autoregulatory capacity of the low-pressure compart-
ment may lead to excessive hypotension in the presence 
of persistently high BP variability and impaired circa-
dian rhythm (i. e. non-dipping, extreme dipping, ris-
ing). However, these changes are partly reversible even 
when the mean BP returns to normal [3]. Increased 
BP variability is associated with increased odds of 
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developing and progressing white matter hyperinten-
sities (WMH). Even in treated hypertensive patients, 
the burden of periventricular white matter lesions is 
higher than in normotensives [4]. This highlights the 
importance of specific cerebral circulation for the cor-
rect assessment of brain damage [1]. When hyperten-
sion is treated without considering the low- and 
high-pressure cerebral compartments, and 24-hour BP 
pattern, the hypertension-modified cerebral vasculature 
may convey hypotensive damage to the low-pressure 
compartments and pulsatile hypertensive damage to 
the high-pressure compartment.

Silent–whispering brain damage

Silent (subclinical) cerebrovascular disease refers to [5] 
the presence of neuroimaging markers for cerebrovas-
cular damage that exceed those expected in normal 
ageing but without neurological symptoms (Table 1).

Silent brain infarcts are 10 times more common 
than clinically manifest infarcts and they can aggravate 
neurodegenerative disorders [5]. There is a functional 
distinction and the impairment in certain cerebral 
tracts may have manifestations (cognitive disorders), 

quite different from the expected neurological deficit. 
Thus, the presumed silent brain damage can manifest 
as “whispering” due to symptoms of cognitive decline. 
Further studies should explore both clinical cases.

The importance of the problem for the timely 
(early) detection of whispering brain damage has sev-
eral explanations:

•	 Conceptual–if cognitive endpoints were used 
for the assessment of correlation between the 
neuroimaging and hypertension, it would be 
concluded that the brain damage was not 
silent. There is a neuro-vascular continuum: 
normal ageing - silent brain damage (visualized 
only in neuroimaging) and symptomatic pre-
sentation (neuroimaging and neurological defi-
cit), accelerated by hypertension. To assess the 
precise position in the neuro-vascular contin-
uum, patients should be assessed with several 
assessment methods (neurological, neuroimag-
ing, biochemical, cognitive).

•	 Risk profiling–if changes are evident on brain 
scans, the risk for neurologically manifested/
symptomatic stroke is increased independently 
of other cardiovascular risk factors.

Practical significance of 24 ambulatory blood 
pressure monitoring (ABPM)

Twenty-four-hour ambulatory BP monitoring (ABPM) 
allows for detecting BP dynamic changes over the 

Table 1. S ilent cerebrovascular disease.
(1) Silent brain infarcts
(2) Lacunes
(3) MRI vascular WMH (considered ischaemic white matter 

demyelination)
(4) Cerebral microbleeds
(5) Enlarged perivascular spaces

Figure 1.  Relationship between abnormal 24-hour ABPM and whispering brain damage [9,10]–gliosis changes, lacunes microbleeds, 
silent brain infarcts, and accompanying brain atrophy on MRI.
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24-hour of the systolic, mean, and diastolic levels, in 
response to heart rate changes and arrhythmia, BP 
variability, and alterations of the BP profile during 
night-time. Non-dipping and reverse dipping profiles 
were associated with both acute overt and silent cere-
bral infarction, leucoaraiosis [6], and cerebral 
microbleeds [7]. The presence of a non-dipping BP 
profile and increased BP variability have been linked 
to worse performance of cognitive function and inci-
dent dementia [8], as illustrated in Figure 1. Thus, 
long exposure to increased BP variability can serve 
as a marker of poor brain function. ABPM may be 
a powerful tool for the diagnosis of silent/whispering 
brain damage, providing better cerebrovascular 
prevention.

Conclusion

Hypertension and ageing contribute to the impaired 
structural and functional capacity of the cerebral 
microvasculature and large artery stiffening. Not all 
parts of the brain respond to BP changes in the same 
way. An abnormal 24-hour BP profile may pose an 
additional risk for cerebrovascular damage with the 
corresponding clinical manifestation of cognitive 
decline when considering the low- and high-pressure 
perfusion compartments of the brain. Neuroimaging 
can support the diagnosis and transition from silent 
to manifest cerebrovascular disease. Further studies 
are currently underway to further elucidate the triple 
correlation between 24-hour BP pattern, cognitive 
impairment, and neuroimaging markers. An abnormal 
ABPM profile in hypertensive patients should initiate 
screening for cognitive decline [1,8] and, if the dete-
rioration is detected, diagnostic neuroimaging studies.

Disclosure statement

The authors reported no potential conflict of interest.

Funding

The authors reported that there is no funding related to 
the work presented in this article.

ORCID

Antonio Coca  http://orcid.org/0000-0001-6968-3266
Dagmara Hering  http://orcid.org/0000-0003-4649-9524

References

	 [1]	 Scuteri A, Benetos A, Sierra C, et  al. Routine assess-
ment of cognitive function in older patients with 
hypertension seen by primary care physicians: why 
and how–a decision-making support from the work-
ing group on “hypertension and the brain” of the 
european society of hypertension and from the eu-
ropean geriatric medicine society. J Hypertens. 
2021;39(1):1–4.

	 [2]	 Hachinski V, Østergaard L. The ambibaric brain: patho-
physiological and clinical implications. Stroke. 
2021;52(6):e259–e262.

	 [3]	 Sabharwal R, Chapleau M, Gerhold T, et  al. Plasticity 
of cerebral microvascular structure and mechanics 
during hypertension and following recovery of arte-
rial pressure. American Journal of Physiology. Heart 
and Circulatory Physiology. 2022;323(6):H1108–
H1117.

	 [4]	 Vasan R, Song R, Xanthakis V, et   al. 
Hypertension-Mediated organ damage: prevalence, 
correlates, and prognosis in the community. 
Hypertension. 2022;​79(3):505–515.

	 [5]	 Wardlaw J, Smith E, Biessels G, Standards for Reporting 
Vascular changes on nEuroimaging (STRIVE v1), et  al. 
Neuroimaging standards for research into small vessel 
disease and its contribution to aging and neurode-
generation. Lancet Neurol. 2013;12(8):822–838.

	 [6]	 Yang K, Zhu X, Feng Y, et al. Abnormal blood pressure 
circadian rhythms are relevant to cerebral infarction 
and leucoaraiosis in hypertensive patients. BMC 
Neurol. 2020;20(1):36.

Key point:

•	 Hypertension and hypotension affect cerebral hemodynamics, with changes in the deep white matter 
of the hemispheres in response to hypotension and the periventricular area to hypertension.

•	 Abnormal blood pressure (BP) circadian rhythm is relevant to silent brain damage, and stroke out-
comes. Achieving target BP levels alone without considering BP variables (i. e. BP variability, alter-
ation in dipping profile, too low-, too high BP, morning surge) may not be sufficient to ensure 
optimal brain protection, particularly in the case of partially reversible hypertensive vascular lesions.

•	 There are important reasons to identify cognitive impairment early (“whispering” hypertensive target 
organ damage) in the presence of altered BP variability. However, the treatment can be difficult due 
to different hemodynamic compartments in the brain and damage already developed.

http://orcid.org/0000-0001-6968-3266
http://orcid.org/0000-0003-4649-9524


4 T. YANEVA-SIRAKOVA ET AL.

	 [7]	 Klarenbeek P, van Oostenbrugge R, Rouhl R, et  al. 
Higher ambulatory blood pressure relates to new ce-
rebral microbleeds: 2-year follow-up study in lacunar 
stroke patients. Stroke. 2013;44(4):978–983.

	 [8]	 Rouch L, Cestac P, Sallerin B, et  al. Visit-to-visit blood 
pressure variability is associated with cognitive decline 
and incident dementia. The S.AGES cohort. 
Hypertension. 2020;20276(4):1280–1288.

	 [9]	 Fodor DM, Marta MM, Perju-Dumbravă L. 
Implications of circadian rhythm in stroke occur-
rence: certainties and possibilities. Brain Sci. 2021; 
11(7):865.

	[10]	 Kumagai H, Oshima N, Matsuura T, et  al. Importance 
of rostral ventrolateral medulla neurons in determin-
ing efferent sympathetic nerve activity and blood 
pressure. Hypertens Res. 2012;35(2):132–141.



Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iblo20

Blood Pressure

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/iblo20

Twenty-four-hour ambulatory blood pressure
monitoring–from silent to whispering brain
damage

Teodora Yaneva-Sirakova, Ivo Petrov, Latchezar Traykov, Antonio Coca,
Pedro G. Cunha, Dariusz Gasecki, Bushra Farukh, Vasilios Kotsis, Augusto
Vicario, Efstathis Manios, Cristina Sierra & Dagmara HeringOn behalf of the
ESH Working Group on Hypertension and Brain

To cite this article: Teodora Yaneva-Sirakova, Ivo Petrov, Latchezar Traykov, Antonio
Coca, Pedro G. Cunha, Dariusz Gasecki, Bushra Farukh, Vasilios Kotsis, Augusto Vicario,
Efstathis Manios, Cristina Sierra & Dagmara HeringOn behalf of the ESH Working
Group on Hypertension and Brain (2023) Twenty-four-hour ambulatory blood pressure
monitoring–from silent to whispering brain damage, Blood Pressure, 32:1, 2208228, DOI:
10.1080/08037051.2023.2208228

To link to this article:  https://doi.org/10.1080/08037051.2023.2208228

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 20 May 2023.

Submit your article to this journal Article views: 222

View related articles View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iblo20
https://www.tandfonline.com/loi/iblo20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/08037051.2023.2208228
https://doi.org/10.1080/08037051.2023.2208228
https://www.tandfonline.com/action/authorSubmission?journalCode=iblo20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iblo20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/08037051.2023.2208228
https://www.tandfonline.com/doi/mlt/10.1080/08037051.2023.2208228
http://crossmark.crossref.org/dialog/?doi=10.1080/08037051.2023.2208228&domain=pdf&date_stamp=2023-05-20
http://crossmark.crossref.org/dialog/?doi=10.1080/08037051.2023.2208228&domain=pdf&date_stamp=2023-05-20

