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Cover figure. Head impulse test of a patient on haemodialysis who was included in the study.

Summary

Objective. Chronic kidney disease (CKD) is a global health problem with a significant impact on
patients’ quality of life. Haemodialysis, a common treatment for advanced CKD, can profoundly
affect vestibular function, which plays a critical role in maintaining balance and spatial orienta-
tion.

Methods. This prospective study was conducted over a 6-month period at the Magna Graecia
University and included 18 adult patients with CKD stage 5, undergoing haemodialysis. Vestibular
function was assessed using the Visual Analogue Scale (VAS) for the symptom of unsteadiness and
the video Head Impulse Test (vHIT) for the vestibulo-ocular reflex (VOR) gain.

Results. Our results showed a statistically significant decrease in VOR gain from 0.99 at T0 to 0.92
at T1 (T-test p = 0.034 and Welch Test p = 0.037), accompanied by an increase in VAS instability
scores, after the dialysis session. These results suggest a worsening of vestibular function as a
result of haemodialysis.

Conclusions. These results highlight the need for early diagnosis and timely intervention, such as
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vestibular rehabilitation, to reduce the risk of falls and improve the quality of life in CKD patients undergoing haemodialysis. Future research should inves-

tigate the long-term effects of haemodialysis on vestibular function.
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Introduction

Chronic kidney disease (CKD) is a major global health
problem affecting millions of people worldwide. It is a
clinical syndrome resulting from a definitive change in re-
nal function and/or structure, characterised by irreversibil-
ity and a slow, progressive course. In its advanced stages,
CKD is associated with an accumulation of fluids, electro-
Iytes and wastes in the body, potentially necessitating dialy-
sis or kidney transplantation. Haemodialysis, or extrarenal
dialysis, is a therapy that replaces kidney function and is
given to people with critically reduced kidney function in
the most severe stage of kidney failure !. The primary goals
of haemodialysis are to correct hydroelectrolyte imbalances
and remove toxins 23, It can also improve the prognosis of
patients with chronic kidney failure by improving arterial
pressure and preventing complications from accumulation
of urea, which can be extremely life-threatening *. The im-
pact of CKD and haemodialysis on a patient’s quality of life
is profound. The physical and emotional burden of man-
aging a chronic disease, coupled with the time-consuming
and often exhausting process of haemodialysis, can signifi-
cantly affect a patient’s overall well-being °. In addition,
the potential complications and side effects associated with
haemodialysis may exacerbate the challenges faced by
these patients.

In particular, CKD and haemodialysis can have a direct im-
pact on vestibular function %7, although the involvement of
the vestibular system in patients with renal failure has not
been studied as much as the involvement of the cochlea and
hearing.

The vestibular system, which plays a crucial role in main-
taining balance and spatial orientation, can be affected by
the changes in fluid and electrolyte balance that occur in
CKD and during haemodialysis 8. These changes can lead
to vestibular dysfunction, manifesting such as symptoms of
dizziness, imbalance and vertigo, which can significantly
impair a patient’s ability to perform daily activities and re-
duce their overall quality of life °.

In a study by Varghese and colleagues '°, abnormal ocular
and cervical vestibular evoked myogenic potential (0VEMP
and cVEMPS) findings in individuals with CKD treated
with haemodialysis suggested the presence of otolithic dys-
function, and their amplitude was found to decrease with an
increase in the disease duration.

Moreover, Ozmen et al. '' in a recent study investigated
possible modifications in vestibular system in adult CDK
patients treated with haemodialysis, in comparison with
a control group. Subjective data obtained with the Dizzi-
ness Handicap Inventory questionnaire were higher than
the control groups, while no significant difference between
the different groups was found in video Head Impulse Test
(VHIT) results in terms of gain asymmetry. However, it is
worth noting that the increase in vHIT overt and covert sac-
cades was in a direct relationship with the creatinine level
and duration of the disease.

In light of these current suggestions, the aim of the present
study was to investigate through the clinical use of VHIT
the potential changes in vestibular function before and after
haemodialysis, shedding light on a neglected topic among
CKD patients.

Materials and methods

A prospective study was conducted at the Nephrology Unit
and the Audiology and Phoniatrics Unit of the Magna Grae-
cia University of Catanzaro over a 6-month period, from
January to June 2024. Our cohort consisted of 18 adult pa-
tients diagnosed with stage 5 CKD and undergoing haemo-
dialysis. The demographic breakdown of our study popula-
tion was as follows: 11 males (61%) and 7 females (39%),
with an age range of 45-75 years, and a mean age of 60
years. The clinical characteristics of the patients included
a variety of comorbidities and previous treatments, which
were carefully documented and taken into account in the
analysis.

Inclusion criteria included: adult patients aged 18 years and
over, diagnosed with stage 5 CKD and undergoing haemo-
dialysis sessions in the Nephrology Unit during the study
period, and a Visual Analogue Scale (VAS) score = 0 at the
time of enrolment in the study.

Exclusion criteria encompassed: patients with current or-
ganic vestibular disorders, history of otological surgery,
chronic ear disease, substance abuse, narcotic use, and those
taking ototoxic and vestibulo-suppressant medications.
Vestibular function was assessed using the VAS ' for the
symptom of instability and vestibulo-ocular reflex (VOR)
gain measured by the vHIT before (T0) and after (T1) the
dialysis session. VHIT was performed using the ICS-im-
pulse® device (GN Otometrics, 99 Taastrup, Denmark) for
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the lateral semicircular canals (LSC). vHIT is used to assess
vestibular function by comparing head velocity to eye ve-
locity when short, unpredictable head pulses are delivered.
The vHIT measures the function of all 6 semicircular canals
individually as head pulses are delivered in the horizontal,
right anterior and left posterior (RALP) and left anterior
and right posterior (LARP) plane.

Many studies suggest a reduced VOR gain in patients with
vestibular dysfunction, and the lateral semicircular canal is
the most clinically relevant because it is more commonly
affected for anatomical reasons, i.e. the smaller number of
afferent neurons condensed in a limited space ***. For this
reason, we used the VOR gain of the lateral semicircular
canal in our study.

Statistical analysis

The statistical software MedCalc version 19.1.7 (MedCalc
Software bvba, Ostend, Belgium) was used to perform sta-
tistical analyses. The t-test and the Welch test were used
to compare the numerical values at TO and T1. Additional
analyses were performed to ensure the robustness of the re-
sults. These included a paired sample t-test to compare the
means of related groups and a Wilcoxon signed-rank test to
assess differences between paired groups of non-normally
distributed data. The Chi-square test was also used to exam-
ine the relationship between categorical variables. A p val-
ue of less than 0.05 was considered statistically significant.

Results

The results showed that at T1, 22% of patients (n = 4) had a
VAS of 1 to 3, 56% (n = 10) had a VAS of 4 to 6, and 22%
(n=4) had a VAS of 7 to 10.

With vHIT, the mean VOR gain threshold decreased from
TO (0.99) to T1 (0.92) with a statistically significant differ-
ence (p = 0.034 and p = 0.037). These results are presented
in Tables I, II, and III, Figure 1 and Cover figure to provide
a clear visual representation of the results.

Discussion

Our study provides valuable insights into the impact of
haemodialysis on vestibular function in patients with CKD,
showing a significant reduction in vestibular function as
seen by the decrease in VOR gain and increase in VAS in-
stability scores. These results are consistent with previous
reports that have highlighted an impairment in audioves-
tibular function in patients with CKD.

In particular, patients with CKD have a higher risk than the
general population of developing audiological conditions
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Table I. Distribution of patients based on severity of instability at T1

(VAS).

Instability N | %
Mild (VAS 1-3) 40f18 22
Moderate (VAS 4-6) 100f 18 56
Severe (VAS 7-10) 40f18 44

Table Il. Results of VAS before (T0) and after dialysis treatment (T1).

Patient n° | vasTo | Vas Ti
1 0 3
2 0 5
3 0 2
4 0 7
5 0 5
6 0 4
7 0 8
8 0 2
9 0 6
10 0 6
ik 0 4
12 0 5
13 0 8
14 0 3
15 0 4
16 0 6
17 0 8
18 0 5

such as sensorineural hearing loss and tinnitus. These data
add to the increased incidence in chronic renal disease of
ENT disorders such as recurrent epistaxis, opportunistic
infections and oropharyngeal candidiasis, changes in taste
and smell, neck fasciitis, gingival hyperplasia, and xeros-
tomia '6.

The current scientific literature suggests the involvement of
the anterior labyrinth and the dysfunction of the inner hair
cells (as demonstrated by otoacoustic emissions) in CKD,
also in relation to haemodialysis .

Although the first studies date back to the 1980s, the aetiol-
ogy of inner ear dysfunction in CKD is still controversial
and several factors may be implicated '*2!. Among them,
uraemia-induced alterations in the central nervous system,
called “uraemic neuropathy”, could cause dysfunction
of the auditory nerve and central auditory pathways. It is
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Table lll. Results of VOR gain before (T0) and after dialysis treatment (T1).

Patient n° VOR GAIN VOR GAIN VOR GAIN VOR GAIN right T1
left TO left T1 right TO
1 1 0.89 1.09 0.97
2 0.92 0.92 1 0.88
3 0.97 0.8 1.14 0.83
4 0.71 0.74 0.87 0.87
5 0.95 0.98 1.21 117
6 0.74 0.73 1.13 1.02
7 0.73 0.83 0.92 1
8 0.84 0.87 1.02 0.98
9 0.95 0.9 1.56 0.85
10 1.26 0.96 1.16 0.64
11 0.95 0.96 1.1 1.1
12 0.96 0.9 1.03 0.98
13 1.15 0.86 112 1
14 0.69 0.79 0.89 0.89
15 0.94 1.05 1.06 1.14
16 0.82 0.82 0.97 0.99
17 0.93 1.03 1.02 1.1
18 1.05 0.91 0.99 0.87

worth noting that there are anatomical and physiological
similarities between the nephron and the stria vascularis of
the cochlea, as well as an immunological connection be-
tween the 2 organs. In this perspective, CKD may be as-
sociated with a disturbance in blood levels of Na* and K*:
both electrolytes are essential for the transmission of elec-
trical signals within the auditory system and for the normal
electromotility of the inner hair cells. Among the structural
and functional similarities of the kidney and cochlea, the
most relevant is, in fact, the active transport of electrolytes
and fluids conducted in the glomerular basement membrane
and in the cochlear vascular stria due to the presence of the
ATP-dependent Na*/K* pump and the carbonic anhydrase
enzyme. The alteration of the electrolyte balance that oc-
curs in patients suffering from CKD can therefore lead to
changes in the stria vascularis and disturbance of the coch-
lear fluids (alteration of potassium recycling in the scala
media and change in the ionic concentration in the peri-
lymph and endolymph) with poor coupling of energy from
the receptor to the hair cells.

However, scientific reports investigating vestibular function
in CKD are still scarce, especially in relation to treatment®.
Existing evidence has shown that a glomerular filtration rate
(GFR) < 60 mL/min is more associated with the possibility
of developing vestibular alterations compared to the healthy

population. Therefore, a negative correlation between GFR
and vestibular function has been detected, with a notable
impact on the risk of falls, a topic that significantly affects
the CKD population.

Although the exact cause of vertigo symptoms in these pa-
tients remains unclear, potential aetiological factors are
retention of toxic products resulting in vasculopathy, vesti-
bulocochlear neuropathy, and vascular calcification in the
labyrinth. It is also possible that changes in the sympathetic
control of blood pressure may occur, which could influence
the blood supply to the inner ear, leading to cochleo-vestib-
ular dysfunction. Finally, medical therapy usually involves
ototoxic drugs, in particular loop diuretics and aminoglyco-
side antibiotics, which cause electrolyte excretion and chang-
es in endolymphatic and perilymphatic fluids composition.
Another interesting hypothesis has been also borrowed from
neurology and translated to audiovestibular pathology. Di-
alysis disequilibrium syndrome, defined initially in 1962 >
is an acute neurological complication of hemodialysis char-
acterised by signs and symptoms that can include fatigue,
nausea, vomiting, blurred vision, tremors, disturbed con-
sciousness, coma and also death due to cerebral oedema.
The neurological symptoms are more common toward the
end of a dialysis treatment that is characterised by rapid
clearance of urea in which accentuates the plasma cerebro-
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spinal fluid urea concentration gradient. The term disequi-
librium is employed because the syndrome typically occurs
when the blood biochemistry parameters are improving.

It is reasonable to hypothesise a similar mechanism under-
lying the possible presence of persistent apogeotropic direc-
tion-changing positional nystagmus when rapid removal of
blood urea causes reduction of serum osmolality in patients
on haemodialysis *?. The process is developed in 2 phases:
when the decrease in osmotic pressure is greater than the
decrease in hydrostatic pressure after haemodialysis, wa-
ter moves from the inner ear capillaries to the perilymph,
lowering the density of the perilymphatic fluid; subsequent
water passage from the perilymph to the endolymph lowers
the density of the endolymph below that of the cupula.
Objective data about vestibular dysfunction have been de-
scribed in the work of Gabr et al. %%, in which the absence of
c¢cVEMPs and oVEMPs was demonstrated in 40% and 70%
of patients with CKD respectively, regardless of whether
they had undergone conservative or haemodialysis treat-
ment. P13-N23 amplitude reduction was reported in both
study groups compared to the control group.

The present preliminary study sheds light on subjective and
objective vestibular data in relation to haemodialysis treat-
ment. The distribution of VAS scores at T1 shows a signifi-
cant variation in patients’ perception of instability, suggest-
ing that haemodialysis may have a different effect on the
stability of individual patients. This is in line with the study
by Caplin et al. » who reported that approximately 60% of
patients on haemodialysis experience dizziness, a symptom
that can be attributed to various factors such as medication,
blood volume depletion, hypotension, anaemia, malnutri-
tion, dialysis imbalance syndrome and inappropriate di-
alysate sodium concentrations. It is reasonable to think that
the modification of concentrations in the perilymph and en-
dolymph causes poor coupling of energy from the otolithic
membrane of the macula of the saccule to the hair cells.
Our findings are further supported by the work of Sazgar et
al. 7who demonstrated the effects of end stage renal disease
on the auditory and vestibular systems, with the otolith or-
gans playing a critical role in stabilising the body and gaze.
This is consistent with another study by Varghese et al. '°
who compared otolith function in individuals with CKD
to those without and showed abnormal vestibular evoked
myogenic potential findings in the first population. These
studies demonstrated considerably higher VEMPs impair-
ment rates in patients with increased disease duration and
higher creatinine levels after haemodialysis, although it is
known that the creatinine level per se is not indicative of
dialysis efficiency.
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Figure 1. Average VOR Gain at TO and T1.

In this light, there is a high connection with our results, as
they suggest as a future perspective to study the relation-
ships between vestibular function and other indicators of
disease progression and dialysis efficiency, such as the urea
reduction ratio.

Limits of the study

Our study has some limitations; the small sample size of the
cohort may limit the statistical power of our findings and
the ability to detect significant differences between groups,
therefore the results of this study can only be considered
preliminary. The lack of a control group of patients with
CKD not undergoing haemodialysis makes it difficult to
isolate the specific effects of haemodialysis on vestibular
function. Furthermore, no VEMPs were performed.

From an instrumental point of view, the only test performed
was VHIT on the lateral plane. This test only partially eval-
uates the vestibular function since it provides information
about the integrity of the vestibular-oculomotor reflex for
high-frequency stimuli. The choice to use only this test,
which is very fast and not very demanding for the subject
examined, can be understandable if one considers the fa-
tigue experienced by patients at the end of a haemodialysis
session, the end of which it would undoubtedly be complex
to evaluate patients using bithermal caloric testing, VEMPs
or stabilometric tests.

In addition, our study did not evaluate the long-term effects
of haemodialysis on vestibular function, which is an im-
portant consideration in the overall management of patients
with CKD. Finally, the study did not investigate the under-
lying mechanisms by which haemodialysis affects vestib-
ular function, such as the specific changes in electrolytes
levels and their effect on labyrinthine fluids in the inner ear.
Future research should address these limitations by con-
ducting larger, multicentre studies with control groups and



by investigating the long-term effects of haemodialysis on
vestibular function in patients with CKD.

Conclusions

Our study provides preliminary evidence that haemodialysis
may have a detrimental effect on vestibular function in pa-
tients with CKD. The significant decrease in VOR gain and
the reported instability of VAS scores post-dialysis session
highlights the potential impact of haemodialysis on the ves-
tibular system. These findings have important clinical im-
plications, as vestibular dysfunction can lead to symptoms
of dizziness, imbalance and vertigo, significantly affecting
a patient’s ability to perform daily activities and reducing
their overall quality of life. Early detection of vestibular
dysfunction can facilitate timely intervention, such as ves-
tibular rehabilitation therapy, to reduce the risk of falls and
improve the patient’s quality of life. Future research should
explore the underlying mechanisms by which haemodialy-
sis affects vestibular function, investigate the long-term ef-
fects of haemodialysis on vestibular function, and assess
the potential benefits of interventions such as vestibular re-
habilitation therapy in this patient population. The develop-
ment of strategies to minimise the impact of haemodialysis
on vestibular function could have a profound impact on the
management of patients with CKD, ultimately improving
their overall prognosis and quality of life.
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