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Influence of hemodialysis on intracranial compliance in a chronic renal
patience assessed non-invasively: a case report

Influéncia da hemodidlise na complacéncia intracraniana em doente renal
cronico observada de forma ndo invasiva: relato de caso
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ABSTRACT: Chronic kidney disease (CKD) has been increasing
globally, with hemodialysis (HD) being the most commonly used
treatment. However, HD can lead to episodes of hypotension,
affecting cerebral perfusion and intracranial pressure (ICP), potentially
compromising cerebral compliance. In this context, non-invasive
ICP monitoring becomes a valuable tool for the early detection of
such changes. This report describes a 58-year-old patient on HD for
three years, whose cerebral compliance was assessed before and after
dialysis sessions. A significant reduction in systolic blood pressure
(SBP) was observed, possibly influencing ICP dynamics and the P2/
P1 ratio. Since HD can cause osmotic imbalances and cardiovascular
effects that impact cerebral perfusion, continuous ICP monitoring using
non-invasive methods may enhance clinical management and reduce
neurological risks in individuals with CKD.

KEY WORDS: Chronic kidney disease; Hemodialysis; Intracranial
pressure; Hypotension.
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RESUMO: A doenga renal cronica (DRC) tem aumentado globalmente,
sendo a hemodialise (HD) o tratamento mais utilizado. Contudo, a HD
pode provocar episodios de hipotensdo, afetando a perfusdo cerebral e
a pressao intracraniana (PIC), o que pode comprometer a complacéncia
cerebral. Nesse contexto, a monitorizagdo ndo invasiva da PIC torna-
se uma ferramenta valiosa para a detecgdo precoce dessas alteragdes.
Este relato descreve um paciente de 58 anos em HD ha trés anos, cuja
complacéncia cerebral foi avaliada antes e depois das sessdes dialiticas.
Observou-se uma redugdo significativa na pressdo arterial sistolica
(PAS), potencialmente influenciando a dindmica da PIC e a relagdo P2/
P1. Como a HD pode gerar desequilibrios osmoticos e repercussdes
cardiovasculares que impactam a perfusdo cerebral, 0 monitoramento
continuo da PIC por métodos ndo invasivos pode aprimorar o manejo
clinico e minimizar riscos neurolégicos em individuos com DRC.

PALAVRAS-CHAVE: Doenga renal cronica; Hemodialise; Pressdo
intracraniana; Hipotensao.
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INTRODUCTION

hronic kidney disease (CKD) is characterized as

a group of diseases that impair renal structure and
function for more than three months, and its prevalence has
been growing worldwide'. “According to the Brazilian Dialysis
Census, as of July 1, 2023, there were 157,357 patients on
dialysis, of whom 51,153 initiated treatment that year. The
prevalence rate was 696 patients per million population (pmp),
whereas the prevalence and incidence rates were estimated at
771 and 251 pmp, respectively. This corresponds to an estimated
771 dialysis patients per million inhabitants (prevalence) and
251 new cases per million (incidence).

Hemodialysis (HD) is the most frequently used treatment
for patients with CKD; however, it may lead to dialysis
disequilibrium syndrome (DDS), resulting in cerebral edema
and increased intracranial pressure (ICP)®. Thus, DDS may be
associated with impacts on cerebral compliance. Consequently,
methods for ICP analysis have been developed, one of which
involves non-invasive assessment of cerebral compliance
through intracranial pressure pulse waveforms?.

The non-invasive Brain4care® method evaluates
intracranial pressure by measuring cranial expansion when
its adaptive capacity is exceeded by an increase in one of its
components (blood, cerebrospinal fluid, or parenchyma). The
analysis of the ICP waveform provides information on cerebral
compliance and its relationship with pressure values®. As ICP
rises, a cranial motion sensor captures minute cranial bone
deformations (<0.2 micrometers) The device filters, amplifies,
and scans the sensor signal before transmitting the data to a
mobile device’. With elevated ICP, compliance decreases,
resulting in significant waveform changes®*.

Thus, real-time monitoring is made possible by a sensor
placed on the cranium that detects small deformations caused by
pressure waves. These variations are recorded, converted into
numerical values, and presented graphically to facilitate clinical
interpretation®, aiding healthcare professionals in making more
confident decisions. This approach enables continuous ICP
monitoring, enhancing patient condition assessment.

In this context, this study aimed to report a case that
evaluated the cerebral compliance of a hemodialysis patient
non-invasively. We obtained the patient’s clinical parameters
from electronic medical records, and cerebral compliance was
assessed non-invasively via the Brain4care® method.

METHODS

This case report is linked to the research project
“Monitoring Chronic Kidney Disease Patients on Hemodialysis
Through Non-invasive Intracranial Pressure Monitoring,”
supervised by Professor Cristiane Rickli Barbosa, PhD. The
study received approval from the Research Ethics Committee
at the State University of Ponta Grossa (UEPG), Brazil, via the
Plataforma Brasil system (approval number 1,834,627).

Following the signing of an Informed Consent Form
(ICF), the patient’s clinical parameters were obtained from
electronic medical records, and cerebral compliance was

evaluated non-invasively using the Braindcare® method over
six months, three times per week, before and after each dialysis
session. During the procedure, the patient was instructed to remain
still for 1-2 minutes while a sensor, secured by a strap, was placed
on the parietal region of the skull.

This method evaluates the volumetric expansion of the
skull when its adaptive capacity is exceeded due to increases in
one of its components (blood, cerebrospinal fluid, or parenchyma).
Analysis of ICP pulse waveform morphology provides the P2/P1
ratio and Time to Peak (TTP)*

The ICP waveform morphology comprises three main
peaks: P1, P2, and P3. The P1 peak, also called the percussion
wave, reflects arterial pressure transmission into the intracranial
system and is directly linked to arterial compliance. The P2 peak,
termed the compliance wave, is associated with brain parenchyma
elasticity, whereas the P3 peak reflects the venous component of
intracranial circulation®.

Under normal conditions, these peaks follow a descending
sequence (P1 > P2 > P3). However, when cerebral compliance
is reduced, P2 rises above P1 (P2/P1 > 1.0), indicating increased
resistance to intracranial flow and potential deterioration in the
brain’s adaptive capacity®*.

Mean ICPalone is nota precise indicator of disproportionate
increases in intracranial pressure. However, the elevation of the
P2 peak and the resulting rounding of the ICP waveform may
indicate reduced cranial adaptive capacity and compromised
intracranial dynamics®.

The TTP measures the time from the onset of the ICP
curve to its highest peak (P1 or P2). Non-invasive cerebral
compliance assessment can detect changes in ICP waveform
morphology before and after dialysis. Studies suggest that this
analysis provides key data on intracranial dynamics, aiding in the
evaluation of cerebral adaptation and blood flow regulation, thus
contributing to clinical monitoring of patients?.

The non-invasive method for assessing cerebral compliance
has been applied in various pathological and non-pathological
scenarios, including hydrocephalus, epilepsy, hemorrhagic
stroke, traumatic brain injury, looping maneuvers in pilots, and
experiments involving subarachnoid space infusion in pigs.
This underscores the method’s utility and relevance, providing
additional diagnostic information without subjecting patients to
invasive procedures, thereby enhancing patient safety>. When
compared to invasive sensors, non-invasive systems show a strong
correlation in monitoring and demonstrate excellent consistency
in detecting intracranial hypertension (ICP > 20 mmHg)’.

DATA ANALYSIS METHODOLOGY

Data were analyzed using inferential statistics through
the SPSS 17.0® statistical software (Chicago, USA). Specific
statistical tests were selected based on the study objectives,
following data tabulation. A significance level of p < 0.05 was
set for all tests. Results were presented in the form of graphs and
tables.

DISCUSSION

This case involves a 58-year-old male patient with CKD



of multifactorial etiology, on hemodialysis for three years. The
patient also presented other comorbidities such as hypertension,
diabetes, and cardiovascular problems. His pharmacological
regimen during the study included clopidogrel, carvedilol,
simvastatin, calcium carbonate, sevelamer, acetylsalicylic acid,
erythropoietin, iron hydroxide, fluoxetine, clonazepam, and
NPH insulin. He received three HD sessions per week.

After signing the ICF, the patient’s clinical parameters
were obtained from the electronic medical record, and his
cerebral compliance was evaluated non-invasively using the
Brain4care® system over six months, three times a week, before
and after dialysis. The patient was instructed to remain still
during the procedure for 1-2 minutes while a sensor attached
with a strap was placed on the parietal region of the skull.

During the patient’s third weekly dialysis session, a
substantial drop in systolic blood pressure (SBP) was observed,
from 113/47 mmHg pre-dialysis at 1:30 PM to 73/35 mmHg
post-dialysis at 3:30 PM. This marked reduction may impact
cerebral perfusion and, consequently, cranial compliance, as
evidenced by changes in the P2/P1 ratio of ICP.

Measuring ICP allows for the assessment of cerebral
perfusion pressure, which represents the pressure gradient that
promotes cerebral blood flow (CBF), which supplies oxygen to
the brain. Cerebral compliance (CC) is the relationship between
CBF and the balance between the production and absorption of
cerebrospinal fluid (CSF).

Under normal conditions, cerebral volume is typically
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static. CC determines the ability of the intracranial compartment
to accommodate an increase in volume without a significant rise
in ICP. Variations in CC can be observed through the pressure-
volume curve’®.

Given that systemic blood pressure and fluctuations in ICP
are interrelated, marked changes in SBP can directly influence
cerebral compliance and ICP dynamics. Blood pressure plays
a crucial role in cerebral perfusion, which in turn affects ICP
dynamics. CPP, the difference between mean arterial pressure
(MAP) and ICP, is essential for ensuring adequate cerebral blood
flow to maintain brain function®.

In this specific case, the observed P2/P1 ratio was 0.500
pre-dialysis (Figure 1) and 0.489 post-dialysis (Figure 2), which
is below the expected values. Such a result is somewhat atypical,
given that reduced cerebral compliance typically corresponds
to a P2/P1 ratio greater than 1.0. The pronounced drop in SBP
could have contributed to this outcome by reducing cerebral
perfusion pressure and compromising cerebral compliance. This
finding may indicate increased cerebral stiffness or an inadequate
cerebral response to volume changes, possibly due to decreased
perfusion.

It is also noteworthy that analyzing ICP waveform
representation enables assessment of the intracranial capacity
to adapt to varying pressure conditions, providing insights
into intracranial dynamics and reflecting cerebrovascular
adaptability, which supports clinical management'°.

FIGURE 1 - ICP waveform morphology before dialysis
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FIGURE 2 - ICP waveform morphology after dialysis
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Although HD offers many benefits, it is not without
complications. The literature describes cramps, pruritus,
and headaches as the most frequent issues. Less common
complications include abdominal pain, hypotension,
hypertension, vomiting, sudden weight gain, and constipation,
while more severe incidents such as seizures, numbness, and
shortness of breath have also been reported''.

Temporary imbalances in cellular compartments, coupled
with the rapid removal of osmotically active substances, may
lead to a transient reduction in plasma osmolality and potential
episodes of hypotension. Furthermore, fluctuations in electrolyte
levels, particularly those affecting cardiac activity, influence
repolarization processes, predisposing patients to cardiac
arrhythmias''.

Hypotensionisoftenconsidered asecondary complication,
triggered by the cardiovascular compensatory mechanism when
the ultrafiltration rate exceeds vascular refilling capacity. The
swift removal of active osmotic elements, coupled with delayed
intracellular equilibration, results in a momentary decrease in
plasma osmolarity, leading to hypotension''. This phenomenon
may partly explain the unusual findings in this patient, with a P2/
P1 ratio of 0.500 pre-dialysis and 0.489 post-dialysis.

FINAL CONSIDERATIONS

Non-invasive intracranial pressure (ICP) monitoring

Authors

can be a valuable tool in tracking how the brain adapts to HD-
induced changes, offering a deeper understanding of the interplay
between cerebral compliance and the physiological effects of
HD. In the present case, the P2/P1 ratio showed atypical values
(0.500 before dialysis and 0.489 afterward), possibly reflecting
patient-specific responses to the procedure. Other studies have
also demonstrated improvements in ICP wave morphology after
dialysis, suggesting more typical patterns in certain patients’.

Thus, continuous monitoring of ICP waveform
morphology may be critical for early detection of cerebral
compliance changes, aiding clinical decision-making and
enhancing the management of hemodialysis patients. Non-
invasive methods like Brain4care® enable real-time evaluation
and could become a key resource in managing conditions
affecting intracranial dynamics, offering new perspectives for
personalized patient care.

Additional clinical research is needed to further elucidate
the behavior of ICP and its waveform morphology in patients
with CKD on HD. Even so, the advantages of non-invasive ICP
monitoring include real-time evaluation of ICP and cerebral
compliance, proving essential for detecting early changes and
refining therapeutic approaches. As it requires no invasive
interventions or costly devices, this method may be more
cost-effective, facilitating ongoing monitoring, particularly
in intensive care units, emergency departments, and during
hemodialysis sessions.
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