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The correlation between pulse wave velocity (PWV) and brain compliance

acquired using Brain4care (B4C) monitors is an emerging field of study that

aims to better understand cerebrovascular health and its implications for

cognitive function and brain aging. Increased arterial stiffness, often due to

aging or hypertension, impairs brain compliance, which is crucial for

maintaining cerebral homeostasis. This impairs cerebral perfusion, causing

microvascular brain damage, which may contribute to long-term cognitive

impairment. The B4C sensors monitor cerebral compliance through the

analysis of pulsatile waves derived from the cardiac cycle and has already

demonstrated a significant correlation with invasive intracranial pressure (ICP)

parameters, with the advantage of being non-invasive, reusable, portable, and

can be used in several clinical conditions, such as intracranial hypertension

(ICH) and hydrocephalus. These methods have the potential to improve the

monitoring of cerebral compliance and ICP, with the benefit of avoiding the

risks associated with invasive methods. The correlation between PWV and

brain compliance acquired using B4C monitors highlights the importance of

monitoring vascular health to preserve brain function. Increased arterial

stiffness, reflected by increased PWV, is associated with decreased brain

compliance, which may have significant implications for cognitive health and

the risk of cerebrovascular disease.
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Introduction

With the aging population and increased life expectancy, it is up to healthcare

professionals not only to know how to treat the pathologies that accompany aging, but

also to know how to prevent complications, in order to not only prolong life, but also

to promote and guarantee its quality. This becomes possible when we seek new

technologies that aim to benefit patients’ health. B4C devices were created with the aim

of assessing patients’ neurovascular health in a way that makes it possible to assess the

patient’s neurovascular health status and prevent complications in cases where damage

is still in its early stages. These assessments aim to minimize the risks of developing

cognitive impairment and dementia in later stages of life (1, 2).

PWV is an important measurement used in the hemodynamic assessment of patients,

which assesses arterial stiffness and cardiovascular risk, and can be used for better risk

stratification in patients with or without established cardiovascular disease (3). Since the
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pressure wave is generated by ventricular ejection, it propagates

along the vessels at a speed determined by the geometric and

compliant properties of the arterial wall, thus making it possible

to determine its stiffness. This measurement can be made

between the carotid and femoral arteries, considered the gold

standard in the assessment of arterial stiffness. Cerebral

compliance, which is influenced by arterial stiffness, can be

measured by B4C which is an important marker of vascular

stiffness and is associated with cerebral hemodynamic changes (4).

Cerebral compliance is the brain’s ability to stabilize ICP by

preventing it from increasing, reflecting the relationship between

changes in cranial volume and the ability of the intracranial

system to accommodate such acquired volume. Cerebral

compliance is not static and can vary with physiological

conditions and pathological states. For example, during acute

intracranial events, such as traumatic brain injury, compliance

may decrease significantly as ICP increases rapidly. On the other

hand, under stable conditions, a small increase in volume may

not lead to a notable increase in ICP due to high compliance.

Thus, ICH is defined as a sustained elevation (>5 min) of ICP

to >20 mmHg (5), occurring when cerebral autoregulatory

mechanisms and compensatory reserve are exhausted. This may

occur as a result of reduced brain compliance, and monitoring is

essential to detect early changes in cerebrospinal fluid, blood and

brain parenchyma, as well as disorders associated with cognitive

changes. Therefore, high arterial stiffness is associated with

poorer reasoning ability, memory and global cognition (6, 7).

The technology of B4C devices has enabled the analysis of

cerebral compliance in a non-invasive manner [https://doi.org/10.

1007/s12028-024-02102-2], making early identification and

therapeutic individualization accessible in cases of cerebral

hemodynamic alterations. Thus, these devices allow a safe and

accurate assessment of ICP and the investigation of the effect of

short and long-term systemic hypertension on the ICP

waveform, contributing to a better understanding of the

pathophysiology of brain damage induced by systemic arterial

hypertension (SAH). In addition, from these sensors, it is also

possible to assess intracranial arterial flow, since the morphology

of the ICP waveform is directly related to the intracranial arterial

volume (8, 9).

There are several methods to assess cerebral compliance and its

relationship with ICP. These include both invasive techniques, such

as direct measurement of ICP, and noninvasive methods, such as

the use of B4C. Direct measurement of ICP through

intraventricular catheters is widely considered the gold standard

due to its accuracy. However, this procedure is invasive and can

pose risks, such as infections and hemorrhages. To mitigate these

risks, noninvasive methods have been developed as safe and

affordable alternatives. Among them, B4C sensors stand out,

which monitor cerebral compliance by analyzing pulsatile waves

generated by blood flow. B4C has several advantages, such as

being reusable, portable, and applicable in several clinical

conditions, including ICH and hydrocephalus. These methods

have great potential to improve the monitoring of cerebral

compliance and ICP, especially in neurocritical patients, in

addition to avoiding the risks of invasive procedures (5–7).

Physiological fundamentals

Arterial stiffness, assessed by PWV, is an independent risk

factor for cardiovascular complications. Aging is a major

contributor to increased arterial stiffness and PWV, resulting

from structural changes in the arterial walls, such as

fragmentation of elastin fibers and accumulation of collagen. In

addition, other cardiovascular risk factors, such as SAH, coronary

artery disease (CAD), diabetes, metabolic syndrome, and chronic

kidney disease, can accelerate vascular aging, worsening arterial

stiffness (10, 11). According to the World Health Organization,

hypertension is the leading cause of death worldwide, as well as

one of the main risk factors associated with cerebrovascular

disease and cognitive decline (12).

The interaction between blood pressure and brain compliance is

characterized by an inverse relationship, where increased ICP often

corresponds to decreased compliance. The arterial pressure wave

generates the ICP wave, and the patient’s cardiovascular health is

directly related to cerebral compliance. High ICP with low

compliance may indicate a critical situation in which the brain

cannot accommodate further increases in volume, increasing the

risk of neurological complications. Pre-hypertensive or hypertensive

patients may exhibit signs of vascular damage, such as changes in

cerebral vessels. When there is vascular damage, cerebral

compliance may be compromised, that is, cerebral blood vessels

may not be able to expand or contract adequately in response to

physiological demands, which may lead to complications such as

an increased risk of stroke and degenerative neurological

disorders. Preliminary results from a study conducted in Brazil are

alarming (13), as they reveal a high prevalence of reduced

intracranial compliance in long-term hypertensive patients treated

noninvasively with the B4C device (14–19). This highlights the

need for combined monitoring of blood pressure and noninvasive

intracranial pressure waveform in hypertensive patients, as well as

the importance of understanding the concept of cerebral

compliance and the ability of the cerebral vascular barrier to

protect brain tissue in elevated blood pressure.

An important study with 885 participants, followed for 30

years, revealed that young people with high blood pressure had

decreased cerebral blood flow, especially in the gray matter,

which can result in cognitive decline and dementia. These results

highlight the relevant impact of hypertension, even in young

people, on neurovascular health, particularly in relation to

structural and functional changes in the brain (20). This

confirms another important reason for using B4C monitors for

neurological assessment, in which we can assess cerebral

compliance even before symptoms appear, making it possible to

better preventatively manage and suggest changes in the patient’s

drug therapy. Therefore, continuous monitoring of these
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parameters can help guide therapeutic interventions that may

prove necessary even with controlled peripheral blood pressure.

B4C properties

Brain4care technology is made up of a mechanical sensor,

which when positioned on the patient’s scalp, in the

frontotemporal region, it allows non-invasive monitoring of ICP

and brain compliance (Figure 1). This innovation is capable of

capturing nanometric changes resulting from intracranial

pressure pulses from sensors in the device that, when applied

externally to the skull, capture signals from volume variations in

the brain, providing real-time data on a patient’s brain condition.

The information is transmitted to a mobile device via Bluetooth

pairing, enabling analysis of the intracranial pressure waveform.

At the end of the examination, a report of the morphology of

the ICP pulse is automatically produced, recording its average

values per minute, in addition to recording values such as heart

rate, normalized time to peak, P2/P1 ratio, pulses useful in

monitoring and pulse amplitude. The device displays the waves

and sends the signals to the cloud platform (21, 22).

In medical practice, it is possible to apply B4C technology in a

relevant way in prehypertensive patients and in assessing the

effectiveness of hypertension treatment. Observing how high

blood pressure affects brain compliance and ICP helps identify

potential future damage that can be prevented (23, 24). Another

important application of ICP and brain compliance monitoring

is in individuals with a family history of hypertension or

cardiovascular disease, in whom the use of B4C could provide

more detailed monitoring, helping to detect anomalies before

serious symptoms manifest (25). With B4C, physicians can assess

how the brain system adapts to pressure variations, helping to

identify early signs of circulatory dysfunction, in addition to

assisting in adjusting treatments for prehypertension, verifying

the effectiveness of medications or lifestyle interventions, such as

diet and exercise, in controlling blood pressure and brain health.

Assessment of brain complacency with
B4C sensors

Once the exam is performed, the results are sent to the

connected mobile device and stored in a cloud. The results

provided are: P2/P1 ratio, which assesses brain compliance,

where P1 refers to systolic blood pressure, representing the

arterial pulse transmitted to the skull, and P2 is the component

of the wave that reflects the brain’s ability to accommodate

volume variations without a significant increase in intracranial

pressure, with the P1 peak ideally greater than the P2 peak, and

the normal value of the P2/P1 ratio ≥0.65 and <1; Time to Peak

(TTP), which represents the time in seconds that the pulse wave

takes to reach its maximum peak (P1), with the ideal time being

<0.2 s, after the start of the cardiac cycle, reflecting the dynamics

of blood flow and the interaction of blood pressure with cerebral

compliance, with a high TTP being an indicator of difficulties in

cerebral blood flow, possibly due to an elevation in ICP or a

decrease in blood vessel elasticity (Figure 2). Although ICH is

generally defined as a sustained (>5 min) intracranial pressure

above 20 mmHg, using the noninvasive B4C assessment, the

FIGURE 1

Demonstration of the B4C device positioned on the patient.
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cutoff point identified to define ICH by the P2/P1 ratio was ≥1.4

and the cutoff point for TTP ≥0.30 s. P2/P1 values of 1.2–1.4

and TTP values of 0.25–0.30 s were considered as a transition

zone between normal and elevated ICP, being characterized as

abnormal intracranial compliance but not ICH (26–30).

Furthermore, when performing the non-invasive B4C

examination, useful pulses are provided, which refers to the

number of pulses detected during monitoring that can be

effectively analyzed to assess the dynamics of ICP and cerebral

compliance, heart rate and pulse amplitude, which assesses the

variations in volume and ICP with each cardiac cycle, that is, it

reflects how much the pressure inside the skull oscillates in

response to the arterial pulse. A normal pulse amplitude

indicates that the brain has good cerebral compliance, being able

to accommodate volume variations without a significant increase

in ICP, while an increased pulse amplitude may suggest a

decrease in cerebral compliance, which may lead to an increase

in ICP (31).

Finally, the correlation between PWV and brain compliance

acquired using B4C monitors highlights the importance of

monitoring vascular health to preserve brain function. Increased

arterial stiffness, reflected by increased PWV, is associated with

decreased brain compliance, which may have significant

implications for cognitive health and the risk of cerebrovascular

disease. Therefore, the assessment of brain compliance is proving

to be a useful new assessment for clinical practice.
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FIGURE 2

Intracranial hypertension warning flowchart. Reference values of the P2/P1 ratio and Time to Peak, and characterization of normal and altered

morphology of the intracranial pressure wave.

Saraiva et al. 10.3389/fcvm.2025.1526017

Frontiers in Cardiovascular Medicine 04 frontiersin.org

https://doi.org/10.3389/fcvm.2025.1526017
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Cardoso MM, Amaral PL. Noninvasive intracranial compliance monitoring for
neurovascular health assessment. J Neurocrit Care. (2020) 5(1):23–30.

2. Silva RG, Ferreira JS. Early detection of neurovascular changes using Brain4care
technology. J Neurovasc Res. (2019) 12(2):145–52.

3. Ferri C, Pavone C, Vignali L. The role of pulse waves velocity in cardiovascular
risk assessment: an overview. Eur Heart J. (2017) 38(23):1804–13.

4. Urbina EM, Williams RV, Alpert BS, Collins RT, Daniels SR, Hayman L, et al.
Noninvasive assessment of subclinical atherosclerosis in children and adolescents:
recommendations for standard assessment for clinical research: a scientific
statement from the American Heart Association. Hypertension. (2009) 54(5):919–50.
doi: 10.1161/HYPERTENSIONAHA.109.192639

5. Lacolley P, Regnault V, Laurent S. Mechanisms of arterial stiffening: from
mechanotransduction to epigenetics. Arterioscler Thromb Vasc Biol. (2020)
40(5):1055–62. doi: 10.1161/ATVBAHA.119.313129

6. Fico BG, Miller KB, Rivera-Rivera LA, Corkery AT, Pearson AG, Eisenmann NA,
et al. The impact of aging on the association between aortic stiffness and cerebral
pulsatility index. Front Cardiovasc Med. (2022) 9:821151. doi: 10.3389/fcvm.2022.
821151

7. Baradaran H, Gupta A. Carotid artery stiffness: imaging techniques and impact
on cerebrovascular disease. Front Cardiovasc Med. (2022) 9:852173. doi: 10.3389/
fcvm.2022.852173

8. Brasil S, Solla DJF, Nogueira RC, Teixeira MJ, Malbouisson LMS, Paiva WDS. A
novel noninvasive technique for intracranial pressure waveform monitoring in critical
care. J Pers Med. (2021) 11(12):1302. doi: 10.3390/jpm11121302

9. Brain4care the Revolution in Brain Compliance Monitoring (2024). Available at:
https://brain4care.com.br (Accessed October 8, 2024)

10. Lee HY, Oh BH. Aging and arterial stiffness. Circ J. (2010) 74(11):2257–62.
doi: 10.1253/circj.CJ-10-0910

11. Castelli R, Gidaro A, Casu G, Merella P, Profili NI, Donadoni M, et al. Aging of
the arterial system. Int J Mol Sci. (2023) 24(8):6910. doi: 10.3390/ijms24086910

12. Zhou B, Carrillo-Larco RM, Danaei G, Riley LM, Paciorek CJ, Stevens GA, et al.
Worldwide trends in hypertension prevalence and progress in treatment and control
from 1990 to 2019: a pooled analysis of 1201 population-representative studies with
104 million participants. Lancet. (2021) 398:957–80. doi: 10.1016/S0140-6736(21)
01330-1

13. da Costa MM, Sousa ALL, Correia MC, Inuzuka S, Costa TO, Vitorino PVO,
et al. Intracranial pressure waveform and hypertension. J Hypertens. (2023)
41(3):58. doi: 10.1097/01.hjh.0000939340.63390.99

14. Mascarenhas S, Vilela GH, Carlotti C, Damiano LE, Seluque W, Colli B, et al.
The new ICP minimally invasive method shows that the monro-kellie doctrine is
not valid. Acta Neurochir Suppl. (2012) 114:117–20. doi: 10.1007/978-3-7091-0956-
4_21

15. Brasil S, Frigieri G, Taccone FS, Robba C, Solla DJF, de Carvalho Nogueira R,
et al. Noninvasive intracranial pressure waveforms for estimation of intracranial
hypertension and outcome prediction in acute brain-injured patients. J Clin Monit
Comput. (2023) 37(3):753–60. doi: 10.1007/s10877-022-00941-y

16. de Moraes FM, Rocha E, Barros FCD, Freitas FGR, Miranda M, Valiente RA,
et al. Waveform morphology as a surrogate for ICP monitoring: a comparison

between an invasive and a noninvasive method. Neurocrit Care. (2022)
37(1):219–27. doi: 10.1007/s12028-022-01477-4

17. Frigieri G, Robba C, Machado FS, Gomes JA, Brasil S. Application of non-
invasive ICP waveform analysis in acute brain injury: intracranial compliance scale.
Intensive Care Med Exp. (2023) 11(1):5. doi: 10.1186/s40635-023-00492-9

18. Fernandes MV, Rosso Melo M, Mowry FE, Lucera GM, Lauar MR, Frigieri G,
et al. Intracranial pressure during the development of renovascular hypertension.
Hypertension. (2021) 77(4):1311–22. doi: 10.1161/HYPERTENSIONAHA.120.16217

19. Brasil S. Intracranial pressure pulse morphology: the missing link? Intensive Care
Med. (2022) 48(11):1667–9. doi: 10.1007/s00134-022-06855-2

20. Li C, Zhu Y, Ma Y, Hua R, Zhong B, Xie W, et al. Association of cumulative
blood pressure with cognitive decline, dementia, and mortality. J Am Coll Cardiol.
(2022) 79(14):1321–35. doi: 10.1016/j.jacc.2022.01.045

21. Pereira LM, Sousa MP, Ribeiro TS. Mechanisms of non-invasive intracranial
pressure monitoring using Brain4care technology. Sensors. (2019) 19(8):1854.

22. Oliveir A Jr, Vieira CL, Fernandes DA. Overview of Brain4care technology:
principles and applications in clinical settings. J Med Syst. (2020) 44(7):134.

23. Webb AJS, Werring DJ. New insights into cerebrovascular pathophysiology
and hypertension. Stroke. (2022) 53(4):1054–64. doi: 10.1161/STROKEAHA.121.
035850

24. Zhang B, Huo Y, Yang Z, Lv H, Wang Y, Feng J, et al. Day to day blood pressure
variability associated with cerebral arterial dilation and white matter hyperintensity.
Hypertension. (2022) 79(7):1455–65. doi: 10.1161/HYPERTENSIONAHA.122.19269

25. Pereira CA, Silva JP, Martins TR. The role of non-invasive intracranial pressure
monitoring in patients with familial history of hypertension: implications for early
detection and management. J Hypertens. (2021) 39(10):2002–10.

26. Godoy DA, Carrizosa J, Aguilera S, Videtta W, Jibaja M. Latin America brain
injury consortium (LABIC) members. Current practices for intracranial pressure
and cerebral oxygenation monitoring in severe traumatic brain injury: a Latin
American survey. Neurocrit Care. (2023) 38(1):171–7. doi: 10.1007/s12028-022-
01605-0

27. Robba C, Graziano F, Rebora P, Elli F, Giussani C, Oddo M, et al. Intracranial
pressure monitoring in patients with acute brain injury in the intensive care unit
(SYNAPSE-ICU): an international, prospective observational cohort study. Lancet
Neurol. (2021) 20(7):548–58. doi: 10.1016/S1474-4422(21)00138-1

28. Foote CW, Jarvis S, Doan XL, Guice J, Cruz B, Vanier C, et al. Correlation
between intracranial pressure monitoring for severe traumatic brain injury with
hospital length of stay and discharge disposition: a retrospective observational
cohort study. Patient Saf Surg. (2022) 16(1):40. doi: 10.1186/s13037-022-00350-9

29. Czosnyka M, Czosnyka Z. Origin of intracranial pressure pulse waveform. Min
Neurochir. (2020) 162(8):1815–7. doi: 10.1007/s00701-020-04424-4

30. Kazimierska A, Kasprowicz M, Czosnyka M, Placek MM, Baledent O,
Smielewski P, et al. Compliance of the cerebrospinal space: comparison of three
methods. Min Neurochir. (2021) 163(7):1979–89. doi: 10.1007/s00701-021-04834-y

31. Silva RG, Oliveira AF, Melo FD. Impact of pulse amplitude on
brain compliance and intracranial pressure: a review. Neurosurg Q. (2021)
29(2):103–10.

Saraiva et al. 10.3389/fcvm.2025.1526017

Frontiers in Cardiovascular Medicine 05 frontiersin.org

https://doi.org/10.1161/HYPERTENSIONAHA.109.192639
https://doi.org/10.1161/ATVBAHA.119.313129
https://doi.org/10.3389/fcvm.2022.821151
https://doi.org/10.3389/fcvm.2022.821151
https://doi.org/10.3389/fcvm.2022.852173
https://doi.org/10.3389/fcvm.2022.852173
https://doi.org/10.3390/jpm11121302
https://brain4care.com.br
https://doi.org/10.1253/circj.CJ-10-0910
https://doi.org/10.3390/ijms24086910
https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.1097/01.hjh.0000939340.63390.99
https://doi.org/10.1007/978-3-7091-0956-4_21
https://doi.org/10.1007/978-3-7091-0956-4_21
https://doi.org/10.1007/s10877-022-00941-y
https://doi.org/10.1007/s12028-022-01477-4
https://doi.org/10.1186/s40635-023-00492-9
https://doi.org/10.1161/HYPERTENSIONAHA.120.16217
https://doi.org/10.1007/s00134-022-06855-2
https://doi.org/10.1016/j.jacc.2022.01.045
https://doi.org/10.1161/STROKEAHA.121.035850
https://doi.org/10.1161/STROKEAHA.121.035850
https://doi.org/10.1161/HYPERTENSIONAHA.122.19269
https://doi.org/10.1007/s12028-022-01605-0
https://doi.org/10.1007/s12028-022-01605-0
https://doi.org/10.1016/S1474-4422(21)00138-1
https://doi.org/10.1186/s13037-022-00350-9
https://doi.org/10.1007/s00701-020-04424-4
https://doi.org/10.1007/s00701-021-04834-y
https://doi.org/10.3389/fcvm.2025.1526017
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Brain compliance: a new assessment for clinical practice?
	Introduction
	Physiological fundamentals
	B4C properties
	Assessment of brain complacency with B4C sensors
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


