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Abstract

The number of older people has been increasing over recent decades in Western populations. Dizziness, imbalance, and ver-
tigo constitute some of the most common complaints in older patients, and risk of falling is the most frequent and worrying
consequence. It has been reported that 15-20% of the adult population experiences these debilitating symptoms. Among the
diseases that may be associated with vertigo, the three classes of otological, central, and functional (psychological) dizziness
may be distinguished. Overall, vestibular disorders account for 48% of vertiginous complaints in the older population. The
main focus of this article is to review the forms of pharmacotherapy for vertigo, especially with regard to older patients,
who may be treated simultaneously with other drugs for different comorbidities. Interactions with other drugs should be
considered in the choice of a particular course of treatment. Moreover, overuse of pharmacotherapy for the management
of vertigo in the elderly may prevent the development of the central compensatory mechanism that sustains both static and
dynamic imbalance after a vertiginous crisis. In the majority of patients, vestibular and physical rehabilitation are strongly
advised and rarely contraindicated.

1 Introduction
Key Points
Vertigo and dizziness affect 15-20% of the adult popula-
tion [1] and contribute to falls, especially in older patients,
among whom 23% are subjected to fall-associated trauma
at least once a year [2, 3]. Hearing loss has also been rec-
ognized as a predisposing factor to accidental falls [4].
Normal balance is the result of the interaction between

Vertigo and dizziness frequently affect the adult popula-
tion and greatly contribute to fall-associated trauma,
especially in older patients; the three classes of otologi-
cal, central, and functional dizziness may be distin-
guished.

the inputs derived by the peripheral vestibular system (semi-
circular canals and otolith organs), which are integrated in
the vestibular nuclei with proprioceptive and visual infor-
mation. As a result of the integration of these three different
perceptive inputs, the central nervous system (CNS) gener-
ates a series of reflexes that guarantee proper balance. A
wide range of neurotransmitters underlie this highly complex
neural activity, among which glutamate, acetylcholine, and
glycine play a relevant role and are further modulated by
histamine, adrenaline, and noradrenaline [5].
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Older patients are subjected to multiple comorbidities
and various pharmacological therapies, which in turn
could cause dizziness.

The use of vestibular suppressants for the management of
vertigo should be limited only to the acute phase of the
disease, and such drugs must be used with caution in the
older population because of their side effects and poten-
tial interactions with other pharmacological treatments.

In older patients, physical activity and vestibular reha-
bilitation exercises are recommended for more rapid

and complete vestibular compensation; repositioning
maneuvers are highly indicated and effective in the older
population with benign paroxysmal positional vertigo.
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The aim of this work is to review the prescriptions and
especially contraindications of drugs currently used in
clinical practice in older patients with stability issues.

Conventionally, disorders that cause vertigo (the sensa-
tion of self-motion when no self-motion is occurring) or
dizziness (the sensation of disturbed or impaired spatial
orientation without a false or distorted sense of motion)
[6] have been classified into three broad categories:

1. Otological vertigo or dizziness
2. Central vertigo or dizziness
3. Psychogenic (functional) dizziness [7]

The terms ‘dizziness’ and ‘vertigo’ are commonly
used to indicate a variety of symptoms regarding dis-
orders of spatial orientation and motion perception;
older patients tend to report less rotatory vertigo and
more non-specific dizziness and unsteadiness than
younger patients presenting with the same conditions
[8, 9]; for this reason, a detailed patient history is key
for diagnosis.

Peripheral vestibular disorders are the most common
and may be treated both pharmacologically and through
vestibular rehabilitation. Even when an effective treatment
is not possible, a compensatory mechanism may develop in
the CNS and improve the patient’s ability to maintain both
static and dynamic balance [10]. The importance of the
vestibular compensation must be taken into consideration
when prescribing pharmacotherapy, as some drugs applied
in the treatment of vertigo may negatively impact the
development of the compensatory phenomenon, and there-
fore their usage must be limited to brief periods of time,
especially in older patients, in whom numerous comorbidi-
ties (impaired musculoskeletal functions, inadequate CNS
activity, impaired visual input) could negatively affect this
mechanism.

Central vestibular disorders are less frequent than
peripheral conditions, but must be considered given their
impact on both the prognosis and the rehabilitation.

Psychogenic dizziness could be the consequence of
some psychiatric disorders (anxiety, depression, obsessive
disorders), but at the same time, a vestibular disease (espe-
cially when unrecognized) could be negatively affected by
a concomitant psychiatric illness. In these cases, pharma-
cological, psychotherapeutic, and rehabilitative treatments
could provide satisfactory results.

Finally, it is not uncommon that a conclusive diagnosis
for a balance disorder cannot be found, despite the wide
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variety of otoneurological clinical and instrumental tests
available. In these cases, symptomatic treatment could be
undertaken, but it must be considered that older patients
are often treated for multiple comorbidities with numerous
drugs, among which some may constitute the main cause
of dizziness in the first place.

For this reason, a fundamental step when approach-
ing an older patient suffering from vertigo is constituted
by a review of the patient’s medication history. Firstly,
some drugs (e.g., acetyl-salicylic acid, amiodarone, cis-
platin, quinine, furosemide, gentamicin, and streptomy-
cin) could directly damage the inner ear cochlear and
vestibular receptors, resulting in permanent ataxia or
hearing loss. Many other drugs belonging to different
categories could cause dizziness or disequilibrium [11]
(Table 1). Furthermore, it must be noted that orthostatic
hypotension, which may manifest as dizziness, is highly
prevalent in the older population. The occurrence of
orthostatic hypotension in older patients likely reflects
multiple disease processes, including neurological and
cardiovascular conditions, as well as the effect of several
medications, such as diuretics, alpha-adrenoceptor block-
ers for prostatic hypertrophy, antihypertensive drugs, and
calcium channel blockers. In the case of drug-induced
dizziness and vertigo, symptoms usually resolve after the
cessation of the causal drug [12].

Figure 1 shows the differential prevalence of the vari-
ous forms of vestibular diagnosis in young and older dizzy
patients referred to our tertiary referral center in the time
period from January 2016 to December 2019.

In addition to a well-defined cause of vertigo in
older patients, the physiological deterioration of the
vestibular system associated with other functional dis-
orders of aging (presbyopia, cataract, sarcopenia, etc.)
could lead to a condition of chronic dizziness, postural
imbalance, and gait disturbance and to an increased
risk for recurrent falls. This condition is named pres-
byvestibulopathy, and recently, strict diagnostic criteria
have been published [13] with the aim of ensuring a
suitable categorization and homogenization of these
patients. At this time, no pharmacological treatment
for presbyvestibulopathy is indicated, and a strong
body of evidence supports the usefulness of vestibular
rehabilitation [14].

The main focus of this review is the forms of vertigo
that can be treated pharmacologically.
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Table 1 Drugs that may induce dizziness

Class

Examples of drugs

Anti-inflammatories

Antidepressants

Antihypertensives

Anticonvulsants
Antipsychotics
Anti-parkinsonian drugs
Muscle relaxants
Anxiolytics

Mood stabilizers

NSAIDs: ibuprofen, celecoxib, diclofenac, dexketoprofen, ketorolac, naproxen, indomethacin
Salicylates: acetylsalicylic acid

Analgesics: acetaminophen

SSRIs: all

TCAs: amitriptyline, imipramine, nortriptyline, trazodone

MAOIs: phenelzine, selegiline

Others: bupropion, mirtazapine, nefazodone, venlafaxine

Alpha-blockers: prazosin, terazosin

Beta-Blockers: atenolol, propranolol

Calcium channel blockers: nifedipine, verapamil, amlodipine, lacidipine, nicardipine

ACE inhibitors: enalapril, zofenopril

Angiotensin Il receptor blockers: irbesartan

Barbiturates, phenytoin, ethosuximide

Chlorpromazine, fluphenazine, perphenazine, prochlorperazine, thioridazine, trifluoroperazine, clozapine
Bromocriptine, levodopa/carbidopa

Cyclobenzaprine, orphenadrine

Alprazolam, chlordiazepoxide, clonazepam, diazepam, lorazepam, oxazepam

Carbamazepine, gabapentin, lamotrigine, oxcarbazepine

Modified from Chimirri et al. [11]

ACE angiotensin-converting enzyme, MAOI monoamine oxidase inhibitor, NSAID non-steroidal anti-inflammatory drug, SSR/ selective seroto-
nin reuptake inhibitor, 7CA tricyclic antidepressant
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Fig. 1 Distribution of the most frequent vestibular diagnoses relative
to age (< 45 and > 65) in 565 patients referred to the Center of Bal-
ance Disorders of the Ear Nose and Throat Department, Pisa Univer-
sity Hospital (January 2016-December 2019). AUV acute unilateral

vestibulopathy, BPPV benign paroxysmal positional vertigo, MD
Meniere’s disease, PPPD persistent postural-perceptual dizziness, pts
patients, VM vestibular migraine, VV vascular vertigo
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1.1 Search Methods

A narrative review of the literature with holistic interpreta-
tion based on the authors’ own experience was chosen as
the most appropriate technique for our study because of
the comprehensive nature of the topic. For this reason, we
did not conduct a systematic literature search and we did
not perform a quality assessment. However, a search of the
PubMed database (up to February 2021) was conducted for
relevant publications using combinations of the following
terms: “drugs,” “pharmacological treatment,” “vertigo,”
“vestibular migraine,” “benign positional vertigo,” “acute
vertigo,” “persistent postural perceptual dizziness,” and
“vascular vertigo.” The results were evaluated according to
the pertinence to the review topic.

EEINT3

2 Peripheral Vertigo and Dizziness
2.1 Acute Unilateral Vestibulopathy (AUV)

Acute unilateral vestibulopathy (AUV) is a clinical condi-
tion characterized by a sudden onset of vertigo, nausea,
vomiting, gait instability, and falling tendency towards the
affected side without associated cochlear or CNS signs
and symptoms [15]. AUV is due to a lesion of the ves-
tibular nerve or the labyrinth on one side. In the normal
condition, the two labyrinths are connected to a functional
unit in coplanar pairs of semicircular canals working in a
push—pull mode (during head rotation, one side is excited
and the other side is inhibited, and vice versa). If the head
is not moving, the two labyrinths generate a resting fir-
ing rate of the vestibular nerve, which is exactly equal on
both sides. In AUV, the resting firing frequency is drasti-
cally reduced on the affected side, thereby creating a tonic
imbalance between the normal activity on the healthy side
and the damaged side. The resulting imbalance mimics
a permanent rotation towards the healthy side, inducing
a spontaneous horizontal nystagmus beating towards the
healthy side together with rotational vertigo and postural
imbalance, with the tendency to fall toward the affected
side [16].

An intense and prolonged vestibular crisis with peripheral
characteristics and associated neuro-vegetative symptoms is
generally attributed to a viral disease of the labyrinth (ves-
tibular neuritis). However, AUV pathogenesis is unknown,
except in rare cases, such as herpes zoster oticus, or viral-
associated labyrinthopathy in the course of a systemic viral
infection (such as measles, mumps, and rubella).

Despite its uncertain pathogenesis, AUV accompanying
vertigo may be troublesome for the patient, and therefore, the
first steps when addressing AUV are physical examination
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and symptomatic treatment with vestibular suppressants in
order to alleviate the patient’s neuro-vegetative symptoms
(predominantly nausea and vomiting) and intense rotatory
vertigo.

Vestibular suppressants are drugs that reduce subjective
symptoms and nystagmus evoked by vestibular imbalance
induced by the unilateral vestibular hypofunction. Vestibular
suppressants include anticholinergics, antihistamines, ben-
zodiazepines, and calcium channel antagonists. Some of
these drugs may have a combined effect. For example, while
meclizine (widely used in the USA) acts almost exclusively
as an antihistamine, dimenhydrinate acts both as an H;
antagonist and as an anticholinergic drug. A recent clinical
trial reported an equivalence between dimenhydrinate and
diazepam in treating acute vertigo in an emergency medicine
setting [17]. However, dimenhydrinate induces less sedation
than benzodiazepines, and for this reason, it is preferred as
initial treatment, especially in the older patient. Actually,
older patients treated with benzodiazepines are more likely
to present side effects (e.g., severe drowsiness, dizziness,
confusion, clumsiness or unsteadiness) and age-related kid-
ney issues, which may advise caution and an adjustment
of therapy dose and duration. Although meclizine and pro-
methazine also display antiemetic activity, administration of
antiemetic compounds (such as ondansetron, an antagonist
of the 5-HT3 receptors, or metoclopramide, a dopaminergic
antagonist) could be proposed to reduce the neuro-vegetative
symptoms accompanying AUV. These drugs could be gener-
ally administered per os except in case of excessive vomit-
ing, for which intravenous administration is recommended.
However, all symptomatic therapies must be reduced after
the first 1 or 2 days, in order to avoid an impairment of
the central compensatory mechanism [18]. The recovery of
static and dynamic symptoms after AUV is related to:

1. Restoration of peripheral function.

2. Habituation; hence, a progressive reduction of the ves-
tibular lesion-induced asymmetry by repetition of the
triggering signals.

3. Adaptation; since balance is determined by the integra-
tion of vestibular, visual, and somatosensory cues, the
lost vestibular function could be replaced by new operat-
ing modes using the other sensory cues as a source of
possible sensory reweighting [19, 20].

Therefore, immediately after the acute phase of AUV, the
use of a vestibular suppressant could lead to amplification of
the vestibular imbalance and subsequent persistence of the
symptoms rather than to their reduction.

Among calcium channel antagonists, cinnarizine is more
commonly used and studied compared to flunarizine. It has
additional antihistaminic and anticholinergic effects, and it
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has demonstrated a positive effect in the treatment of vertigo
[21]. Moreover, when cinnarizine is used in combination
with dimenhydrinate, its efficacy in reducing vertigo and
neuro-vegetative symptoms remarkably increases, surpass-
ing betahistine’s [22-24].

With respect to betahistine, both preclinical and clini-
cal studies have suggested a wide range of potential effects.
Firstly, it modulates histaminergic neurotransmission by par-
tially agonizing the activity of the H, receptor, but it has,
however, more potent antagonistic properties on the hista-
mine H; receptor, inducing an overall increase in histamine
turnover and release [25, 26]. Secondly, it affects neuronal
excitability and spike generation in lateral and medial ves-
tibular nuclei. It has been reported that histamine induces
an excitatory modulation by depolarizing both spontaneous
firing neurons and silent neurons in the rat inferior vestibular
nucleus via the histamine H; and H, receptors [27]. Moreo-
ver, several studies indicated that the histamine H; receptor
may play a role in vestibular compensation, behavioral recov-
ery, and reduction of symptoms [28, 29]. Thirdly, betahistine
produces vascular effects on both the cochlea and the brain
[30, 31]. Finally, it is possible that the betahistine antivertigo
activity is firstly achieved by betahistine itself and then sus-
tained by its metabolite aminoethyl pyridine [32].

A consistent number of studies support the positive
impact of betahistine on vertigo symptoms [33, 34]. On the
other hand, the heterogeneity registered among the applied

Table 2 Vestibular suppressants and their side effects

methodologies and patient selection in these studies do not
allow one to draw a definite conclusion on the positive role
of betahistine in the treatment of acute vertigo and in the
improvement of vestibular compensation after AUV. Ideally,
drugs capable of enhancing vestibular compensation may
be prescribed in order to induce an acceleration of func-
tional recovery, especially in those patients with reduced
mobility, which may prevent a successful vestibular physi-
cal rehabilitation. For this purpose, some reports indicate
that betahistine [26] or Ginkgo biloba extract, an antioxidant
agent with mild antiplatelet activity [35], seem to induce
an acceleration of functional recovery. However, the use
of betahistine in the routine treatment protocol of patients
with AUV may be considered as an option, on the basis of
a Cochrane review affirming that low-quality evidence sug-
gests that in patients suffering from vertigo from different
causes, there may be a positive effect of this drug in terms
of reduction in vertigo symptoms [36].

Actually, the use of antivertigo medications with ves-
tibular suppressant activity (Table 2) should be restricted
to the first days after the onset of symptoms, as they act as
sedatives and may delay central compensation of the periph-
eral vestibular deficit. Thus, the treatment strategy for AUV
entails the use of as few medications as possible and encour-
aging the patient to increase his or her physical activity as
much as it is tolerated. Furthermore, in older people, the
side effects associated with these drugs could be potentially

Pharmacological class Activity Examples of drugs Principal adverse reactions in vertigo
setting
Phenothiazines Anticholinergics with sedative and Promethazine (also antihistaminic H; Extrapyramidal side effects (dyskine-
antiemetic activity due to their activity) sia): should not be associated with
action on CTZ Prochlorperazine: prominent neuroleptics and anticonvulsants
antiemetic activity
Thiethylperazine: prominent
antiemetic activity
Anticholinergics Strong central inhibition, prominent  Scopolamine Sedating
activity on neurovegetative symp-  Dimenhydrinate Dry mouth
toms (nausea and vomit) Meclizine (antihistamine, H, blocker) Urinary retention
Precaution in glaucoma
Precaution in prostatic enlargement
Tachyarrhythmia
Benzodiazepines Vestibular suppressants Diazepam Strong sedation
Anxiolytics Lorazepam Respiratory depressant
Favor cerebellar suppressant activity Precaution in glaucoma
Drug dependency
Antidopaminergics Antiemetics Metoclopramide Extrapyramidal side effects

Calcium channel blockers

Calcium channel blockers
Antihistamines (H, blockers)

Levosulpiride: selective activity on
CTZ

Cinnarizine

Flunarizine (cinnarizine derivative)

Hormonal alterations (prolactin)

Drowsiness
Depression
Parkinsonism
Weight gain

CTZ chemoreceptor trigger zone
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dangerous, especially when taking into consideration pos-
sible interactions with other chronic treatments, frequently
encountered in older patients. Therefore, some drugs are to
be used with particular caution in the older population. For
example, prolonged treatment with cinnarizine may induce
depression and parkinsonism, while antihistamines are asso-
ciated with sedation and drowsiness and may have a negative
impact on daily function, especially in older patients, who
are more affected by reduced mobility and more prone to the
risk of falling. These observations are especially relevant
in frail older patients in whom AUV (and other forms of
acute vertigo such as benign paroxysmal positional vertigo
[BPPV]) induces an increased risk of disability.

Therefore, once vertiginous and neuro-vegetative symp-
toms have subsided, it is advisable to suspend the pharma-
cological treatment in order for the central compensation to
be established. As already stated, this principle is to be taken
into consideration especially when treating older patients,
while bearing in mind that age should not prevent a success-
ful physical vestibular rehabilitation.

Both viral and vascular factors may contribute to AUV
presentations. On the basis of a viral origin of AUV, a short
course of corticosteroids may be indicated [37], although a
very recent systematic review and meta-analysis concluded
that there is insufficient evidence to support their use in AUV
[38]. On the contrary, a retrospective study demonstrated
that patients receiving a steroid treatment (methylpredniso-
lone 1 mg/kg for 5 days with an additional 5 days of 0.5 mg/
kg) showed better results in terms of vestibular recovery
and symptomatic relief/improvement compared to patients
receiving non-glucocorticoid treatment [39]. Besides these
controversial results, it has been suggested that steroid treat-
ment started within 24 h of onset of AUV results in better
recovery of vestibular function than treatment between 25
and 72 h [40]. Especially in older patients, this therapeutic
option should be evaluated carefully due to the risk of pos-
sible adverse effects of steroids such as infections, blood
clots, fractures, hyperglycemia, and hypertension.

In older patients AUV could be related to vascular insuf-
ficiency, but its presentation does not differ, and it is hard
to distinguish from other forms of AUV based solely on
clinical evidence. Anyway, it is indicated to control vascu-
lar risk factors through primary and secondary prevention
strategies, given the possible simultaneous presence of car-
diac and brain vascular comorbidities. It is possible that the
first organ to be affected by a compromised vascular system
is actually the labyrinth, given its terminal vascularization
and its high metabolic needs. Therefore, in some cases, the
first vertiginous crisis constitutes an alarm signal, which, if
promptly diagnosed, may help to prevent subsequent vascu-
lar episodes, such as strokes or myocardial infarctions.
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2.2 Benign Paroxysmal Positional Vertigo (BPPV)

BPPV is the most common cause of vertigo, affecting
approximately 20% of all cases [41]. While BPPV may arise
at any time of life, it manifests more frequently in adults and
older patients, with a peak incidence between the 5th and 7th
decade of life, probably due to the higher risk of otoconia
detachment with age [42].

The most credited etiology involves the mechanical
detachment of otolithic fragments from the utricular mac-
ula and their migration into one of the semicircular canals.
Being mechanical in origin, it is therefore not susceptible to
pharmacotherapy, and its treatment of choice is constituted
by physical therapy. Repositioning maneuvers can success-
fully free the affected semicircular canals from the displaced
otoconia in almost the totality of patients, even if perfor-
mance of this treatment in the older population could be
challenging because of some orthopedic problems limiting
the range of motion in the cervical spine. Also, a previous
history of vertebrobasilar insufficiency, stroke, or cervical
spine instability should suggest caution in performing exten-
sion of the cervical spine [43, 44].

Vestibular suppressant medications are not routinely
recommended for treatment of BPPV. Patients who are
severely symptomatic (with accompanying autonomic symp-
toms such as nausea and vomiting) or patients who become
severely symptomatic after a repositioning maneuver could
benefit from a short-term period of treatment with ves-
tibular suppressant and/or antiemetics [45, 46]. In patients
with severe forms of BPPV, drugs such as dimenhydrinate
or betahistine may have a role in the short-term control of
neuro-vegetative symptoms (nausea, pallor, vomiting, sweat-
ing), while antiemetics such as ondansetron may be helpful
in preventing vomiting associated with diagnostic or thera-
peutic maneuvers. However, it is important to highlight the
fact that neuro-vegetative symptoms tend to subside after the
first few days and that prolonged pharmacotherapy may not
provide any additional positive effect. As already described
for AUV, vestibular suppressants’ side effects include seda-
tion, urinary retention, and (especially in older adults) psy-
chomotor retardation, which may contribute consistently
to the risk of falling, especially immediately after a libera-
tion maneuver or in the case of a balance crisis due to the
late displacement of otolithic fragments. Moreover, older
patients are more likely to experience drug interactions, for
example, with other drugs affecting some CNS activity. It
is therefore strongly advised to limit the use of drugs in the
treatment of BPPV only to selected cases, such as patients
particularly sensitive to motion sickness. In common clinical
practice, the use of a prophylactic pharmacotherapy before
a repositioning maneuver is rare, especially in the older
population.
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Pharmacotherapy in BPPV is undertaken for the
following:

Residual dizziness: Up to two-thirds of patients may per-
ceive a prolonged and handicapping instability, lighthead-
edness, and malaise, also known as “residual dizziness”
[47]. Usually the symptoms resolve in 620 days, but some
patients may still be symptomatic after 1 or 2 months [48].
These symptoms may negatively affect the patients’ quality
of life and may prevent them from carrying out daily activi-
ties. An impaired postural control may contribute to falling
and psychological distress. Older patients are commonly
affected by a deterioration of the visual and proprioceptive
systems, but also by a global impairment of the vestibular
function. This age-related decline of the vestibular system
may contribute to a decrease in balance compensatory abil-
ity in older patients with peripheral vestibular deficit and
may be related to the greater incidence of residual dizziness
in this group. The proposed pharmacotherapies for residual
dizziness include benzodiazepines [49], dimenhydrinate
[50], and betahistine [51]. However, as stated in Sect. 2.1,
the administration of such drugs in older patients needs
extreme caution and should be restricted to a few days and
only in cases with relevant symptoms. Nevertheless, a suc-
cessful residual dizziness treatment may be of particular sig-
nificance regarding the prevention of the evolution towards
a condition of chronic dizziness, in which a psychological
component may favor a subsequent evolution towards per-
sistent postural-perceptual dizziness (PPPD). Finally, early
recognition and prompt treatment of BPPV are of fundamen-
tal importance in order to reduce the incidence of residual
dizziness, especially in psychiatric or older patients at risk
of falling.

Prevention: BPPV is known to recur frequently. Reported
rates of recurrence in BPPV vary considerably, ranging from
16 to 50% [52, 53], and some reports correlated an increased
rate of recurrence with aging [54, 55]. In patients with recur-
rent BPPV, vitamin D deficiency was shown to be a relevant
cofactor [56]. Other factors include sex and age, as recurrent
BPPV is more frequent among females and older patients
[57], with postmenopausal women being more affected
[58]. The high prevalence of osteoporosis among this latter
group induced a correlation between BPPV (especially in its
recurrent form) and osteoporosis. On these bases, vitamin
D supplementation has been suggested to decrease recur-
rent attacks of BPPV. Interestingly, some recent prospective,
randomized, and controlled trials have indicated a preventive
effect of vitamin D supplementation on the occurrence rate
of BPPV [59]. Based on this evidence vitamin D supplemen-
tation may be considered in patients with frequent relapses
of BPPV and reduced vitamin D serum levels.

2.3 Méniere’s Disease (MD)

A higher prevalence of Méniere’s disease (MD) in patients
over 65 years has been reported in the European popula-
tion [60], both for a reactivation of MD and for a “de novo”
manifestation. MD in older patients shows some peculiar
features: firstly, a higher incidence in women and, secondly,
an increased risk for the so-called Tumarkin’s otolithic cri-
ses, which are defined as sudden and unpredictable falls
without loss of consciousness, caused by an acute stimula-
tion of the otolithic organ [61]. Also, in the case of MD,
polymedication, often administered in older patients due to
the presence of other comorbidities, constitutes a challenge
for the treatment of the balance disorder.

Regarding acute phase therapy, MD does not differ from
AUV. The therapeutic goal is to help the patient to recover
from the acute phase. Prolongation of therapy should not be
needed in MD, as the vertigo attacks do not usually exceed
24 h in duration, including the post-critical malaise.

Currently, a strongly effective preventive treatment is
not known. Considering MD as a heterogeneous category
of diseases with the same phenotypic presentation but mul-
tiple pathogenetic mechanisms, prevention should ideally
consider the specific etiology. Consequently, migraine-
associated MD should be prevented by migraine-preventing
therapies, and vascular MD should be prevented through pri-
mary prevention of cardiovascular risk factors and therapies
in order to improve local blood perfusion and circulation. In
cases of autoimmune labyrinthopathy (including Cogan syn-
drome and delayed endolymphatic hydrops), preventive ther-
apy is constituted by steroids or immunosuppressive medi-
cations. Despite the fact that dietary interventions through
low-sodium or hyper-hydrating meal plans are advised by
practitioners, at the moment, no scientific evidence has been
reported [62].

In most cases, antivertigo drugs such as betahistine give
good results, with minor secondary effects. On the other
hand, neuroleptics and antihistamines are more difficult to
manage because of their relevant side effects, such as par-
kinsonism and depression.

In a recent multicentric study, betahistine was proposed
as the first-choice medication for the intercritical phase of
MD, with a variable dosage between 32 and 48 mg/day,
which can be adjusted over the course of the treatment. It is
advisable to prescribe betahistine for at least 3 months for
patients who have had one to three attacks in the previous
6 months. However, it is possible to extend the treatment
on the basis of the patient’s conditions [63]. The panel of
experts agreed that betahistine efficacy depends neither
on the gender nor on the age of MD patients. However,
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betahistine’s positive effects on the whole MD clinical
picture still remain controversial. As a matter of fact, no
compelling evidence of its efficacy has been produced yet,
and a prospective, controlled clinical trial with betahistine
dosages of 48 mg/day and 48 mg three times a day failed
to show a significant therapeutic effect against placebo
[64]. On the other side, the latest Cochrane review on the
efficacy of betahistine in MD [65] and two meta-analyses
[33, 66] concluded that betahistine is acceptable to use. A
German experience, applying the rationale of betahistine’s
rapid metabolism by intestinal and hepatic monoamine
oxidase B enzyme, confirmed the possibility of increasing
progressively (on the basis of the beneficial effect) the dos-
age of this drug up to 480 mg/day in patients who do not
respond to a lower dosage, in the same way as the therapeu-
tic approach in epilepsy using carbamazepine [67].
Among the pharmacological therapies proposed, diuret-
ics represent the most used category for the treatment of
MD [68]. Diuretics have been in use in the treatment of MD
for several decades and are thought to reduce the degree of
endolymphatic hydrops by reducing the extracellular vol-
ume and consequently inducing a decrease of the endolym-
phatic pressure and volume, either by increased drainage of
endolymph or through a reduction in its production at the
stria vascularis. Despite the absence of specific experimen-
tal and clinical evidence of diuretics’ effectiveness [69, 70],
some studies support diuretic use, with this helping approx-
imately two-thirds of patients achieve substantial control
of vertigo attacks when used in association with dietary
(low-salt diet and increase of water intake) and lifestyle
modifications [71, 72]. The use of diuretics and/or betahis-
tine could be offered as an option for maintenance therapy
to reduce symptoms or prevent MD attacks [73]. Among

Table 3 Diuretics used in the treatment of MD’s intercritical phase

the different classes of diuretics (Table 3), the most used
are hydrochlorothiazide (it should be avoided or used cau-
tiously in patients with hypotension, renal disease, diabetes
mellitus, and gout), triamterene, and acetazolamide. The
use of acetazolamide could have more indications in MD
patients who have underlying migraines and in patients with
bilateral MD. The rationale behind this is that acetazola-
mide is not only a diuretic, but it also causes cerebral vaso-
dilation and carbonic anhydrase inhibition. Furthermore,
acetazolamide seems to significantly reduce hydrops, as
seen by magnetic resonance [74]. Finally, in older patients
suffering from MD, diuretics may produce significant col-
lateral effects, and therefore, their usage should be limited
to selected cases.

The finding of glucocorticoid receptors in various struc-
tures of the inner ear, especially within the stria vascularis
[75], encouraged the use of oral corticosteroids, likewise
taking into consideration the high prevalence of autoim-
mune disorders in MD and the role of inflammation. The
beneficial effects of intratympanic (IT) steroids could be
due to the anti-inflammatory effects of both methylpred-
nisolone and dexamethasone. Steroids can also affect the
ion and fluid homeostasis of the inner ear by induction of
mineralocorticoid receptor-mediated genes [76] and by
control of the aquaporin channels [77]. Finally, cochlear
blood flow may be positively affected by topical applica-
tion of steroids [78]. Only a few reports have investigated
the effects of oral steroids in MD, with questionable results
[79, 80]. Recently, the use of IT steroids has overtaken oral
administration thanks to the absence of many undesirable
side effects or contraindications; this observation is par-
ticularly of note when approaching an older MD patient in
whom the risk of possible adverse effects such as infections,

Pharmacological class Activity

Examples of drugs Side effects

Thiazides

Potassium-sparing diuretics Inhibit renal Na*/K* exchange

Loop diuretics

Carbonic anhydrase inhibitors

Inhibit reabsorption of luminal sodium by blocking the Na*/Cl~
channel in the kidney’s distal convoluted tubule

Inhibit renal co-transport by blocking the Na*—K*-2CI~ symporter

Inhibit H* secretion and promote Na™ and K* excretion

Chlorthalidone
Hydrochlorothiazide

Hypokalemia
Hyperuricemia
Hyperglycemia
Hyperkalemia
Hormonal
alterations
(estrogenic
effects)

Hypovolemia
Hypotension
Hypokalemia

Spironolactone

Furosemide

Gastrointestinal
disturbances

Metabolic
acidosis

Nephrolithiasis

Acetazolamide

MD Méniere’s disease

A\ Adis



Current Insights into Treating Vertigo in Older Adults

663

blood clots, fractures, hyperglycemia, and hypertension is
remarkable. At this time, although there have been some
favorable reports [81-83], the effect of IT steroid treatment
in MD is questionable, especially in terms of vertigo con-
trol [84, 85]. Despite the fact that a general consensus on
MD therapy has not been reached, the use of IT gentamicin
injections in patients with resistant forms has been accepted
by most authors [86—88], while IT steroidal injections do
not seem to be equally effective, at least in terms of vertigo
control [88-90]. Gentamicin possesses toxic activity against
the inner ear hair cells, especially against type 1 vestibu-
lar hair cells, and the aim of IT gentamicin is to obtain a
long-lasting, non-fluctuating, peripheral vestibular hypo-
function capable of being centrally compensated. Given
the considerable side effects of IT gentamicin, such as diz-
ziness and hearing loss, its usage in older adults should
be considered carefully. For these reasons, IT gentamicin
is indicated almost exclusively in patients who have not
responded positively to medical therapy and who suffer
from unilateral MD, with good hearing in the healthy ear.
Obviously, young patients are the best candidates for an
easier achievement of vestibular compensation. The great
advantage of labyrinthine ablation with gentamicin is based
on the minimally invasive nature of the procedure and on
the demonstration that it is not necessary to achieve total
destruction of the neurosensory structures of the vestibule
to achieve the desired therapeutic effect [91].

However, no drug seems able to delay or block hearing
loss or tinnitus progression in MD [92]. Evaluation of the
efficacy of an MD therapy is complicated by the fact that
the natural history of the disease involves a decrease in the
frequency of crises, due to a reduction in vestibular function.

Regarding MD in the older population, two types of cases
can be identified.

1. Recent and new MD onset in older patients.

This clinical picture is generally rare, and strongly
correlates with a vascular origin of symptoms. In
this case, it may be useful to prescribe primary
and secondary prevention to improve local blood
circulation.

2. Already diagnosed MD, in a quiescent state.

In this picture, vertigo attacks have subsided, but general
postural instability remains as a consequence of the vestibu-
lar deficit produced by past crises. In such cases, pharmaco-
therapy does not help, while physical therapy and mobiliza-
tion are encouraged in order to favor balance compensatory
mechanisms.

3 Central Vertigo and Dizziness

Both vestibular migraine (VM) and vascular vertigo are CNS
pathologies, but they can also affect the peripheral vestibular
receptors. It is important to highlight the fact that migraine
is also a vascular risk factor and that the labyrinth is a high-
risk area for vascular accidents, in a way that its disease may
precede the extension of vascular pathologies to other organs
and apparatuses.

3.1 Vestibular Migraine (VM)

Migraine-associated vertigo should not be necessarily
treated pharmacologically. As a matter of fact, once the
patient has been properly instructed on the diagnosis and
prognosis of their disease, it is possible that the frequency
and intensity of vertiginous episodes are so low that a pro-
phylactic therapy is not required.

It may be possible that in older patients (especially in
postmenopausal women), a variation in the clinical picture
occurs, with the onset, remittance, or variation in the fea-
tures of vertigo, with the consequent need to adjust the thera-
peutic plan [93]. VM vertiginous attacks are not generally
treated pharmacologically, but in the case of frequent (at
least one episode every 2—3 months) or disabling crises, a
prophylactic therapy may be indicated.

The most used classes of drugs include beta-blockers, cal-
cium channel blockers, and antidepressants (Table 4) [94].

3.1.1 Beta-Blockers (Propranolol, Atenolol)

Contraindications of beta-blockers include bronchopathies,
cardiopathies, vasculopathies, diabetes, hypotension, and
asthenia. These drugs are particularly effective in cases of
VM with concomitant arterial hypertension and/or tachy-
cardia. They must be administered with medical control, as
postural instability syndromes are frequently recorded [95].

3.1.2 Calcium Channel Blockers (Flunarizine, Cinnarizine)

Calcium channel blockers [96] are contraindicated in the
case of hypotension, depression, and tremor or in overweight
patients. However, it may be that due to their association
with the development of parkinsonism, dyskinesia and dys-
tonia, long-term usage should be limited to cases presenting
a positive benefit/risk ratio [97]. Particularly interesting is
the observation that in the 3 months following suspension
of a calcium channel blocker treatment, side effects tend
to remit, while beneficial therapeutic effects remain. This
observation may constitute supporting evidence in favor of
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Table 4 Different classes of drugs used for pharmacological prophylaxis of VM

Common side effects Indications
Beta-blockers
Propranolol Hypotension, Fatigue, Hyperten-
Atenolol Bronchial constriction, sion, tachy-
difficulties sleeping or nightmares cardia
Precaution in diabetes
Calcium channel blockers
Cinnarizine Hypotension Vasculopathy
Flunarizine Depression Insomnia
Tremor Anxiety
Weight gain
Antidepressants
Anmitriptyline Sedation, orthostatic hypotension, dry mouth, weight gain, constipation Depression
Fluoxetine Precaution in prostate enlargement, kidney disease and glaucoma
Antiepileptics
Sodium valproate Paresthesia, somnolence, cognitive dysfunction, tremors Epilepsy

Topiramate Precaution in kidney and liver disease
Diuretics
Acetazolamide Paresthesia, nausea, sedation, hypokalemia

Precaution in kidney disease

VM vestibular migraine

calcium channel blocker cyclic prescription [98], and this
approach may be especially useful in older patients, who are
more predisposed to the development of parkinsonism [99].

3.1.3 Antidepressants (Amitriptyline, Fluoxetine)

In the case of concomitant depression and VM, antidepres-
sants are indicated and preferred to calcium channel antag-
onists and beta-blockers. Their impact on cardiac kinetic
activity seems to be less evident with a lower dosage [100].

3.1.4 Anticonvulsants (Sodium Valproate, Topiramate)

Topiramate is an anticonvulsant with GABA-a agonistic
properties acting through central modulation of GABA and
glutamate level. This drug showed beneficial effects for pro-
phylactic treatment for VM [101]. Valproic acid was also
shown to be effective in decreasing the number of vertigi-
nous attacks, although it seems to be less active than other
drugs (flunarizine or beta-blockers) in the decrease in ver-
tigo severity [102].

3.1.5 Diuretics (Acetazolamide)
The use of this drug (a carbonic anhydrase inhibitor) in treat-
ing VM started from its demonstrated efficacy for the ther-

apy of episodic ataxia type 2 and familial hemiplegic head-
ache. The vestibular symptoms encountered in these two
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diseases are supposed to be caused by an ion channel deficit
[103], and the efficacy of acetazolamide could be attributed
to the possible involvement of neuronal ion channels [104] in
the pathogenesis of VM. In a recent retrospective study, the
use of acetazolamide correlated with a significant decrease
in the frequency and severity of vertigo attacks [105].

In the treatment of VM, antidepressants should be started
at a low dosage and increased until the minimum effective
dosage for maintenance is found. Also, in the case of sus-
pension, the dosage should be tapered slowly and gradually.
Before evaluating the efficacy of antidepressants for VM, at
least 3 months of therapy should have passed. The treatment
is considered effective if the frequency of crises is reduced at
least by 50%. When possible, it is advisable to check for trig-
gering factors, such as physical exercise, variation in sleep
patterns, stress, or certain foods (chocolate, cheese, alcohol).
Often, VM patients also present motion sickness, and this
should be considered when performing diagnostic exams,
planning functional rehabilitation, or advising the patient
about lifestyle modifications.

To date, no significant double-blinded, randomized con-
trolled trials for the treatment of VM have been published.
As a matter of fact, the data available have been included
in uncontrolled clinical retrospective studies, which do not
provide robust evidence in favor of a given VM treatment
[94]. An alternative emerging non-pharmacological treat-
ment for chronic pain, certain forms of epilepsy, and tinnitus
has been recently developed. It has been suggested that this
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procedure could correct the imbalance between parasympa-
thetic and sympathetic nervous systems [106]. Noninvasive
transcutaneous vagus nerve stimulation has also been proven
to be effective, through stimulating the auricular branch, in
reducing vertigo in acute VM episodes [107]. Probably the
benefits of this treatment are connected to the inhibition
of the firing rate of trigeminocervical neurons, inducing a
modulation of the trigemino-vestibulo-vagal connections
involved in migraine pathophysiology [108].

3.2 Vascular Vertigo (VV)

As with VM, VV also presents a double pathogenesis, both
central and peripheral. The labyrinth is a neurosensorial
perceptive organ with high oxidative metabolic demands,
which is, however, perfused by thin vessels with no collat-
eral vascularization. This anatomic configuration puts the
labyrinth at risk for ischemia in such a way that in the case
of systemic vascular impairment, it is usually the first organ
to be affected.

Excluding severe strokes of vascular origin affecting the
cerebellum or the brainstem, which require specific treat-
ments in stroke units, VV is frequently seen in clinical
practice, especially in older patients with recurrent vertigo,
often associated with other CNS symptoms, such as cogni-
tive impairment, ataxia, and mood disturbances, but also
alone. Therapy should focus on reducing potential risk fac-
tors (diabetes, dyslipidemia, hypertension, smoking habit,
sedentary lifestyle) and on planning secondary prevention
in order to improve local microvascular perfusion.

Antiplatelet drugs (also known as antiaggregants) are
among the most prescribed drugs. They are, however, asso-
ciated with a higher hemorrhagic risk, and therefore, alterna-
tive medications have been proposed.

Sulodexide has a similar effect to heparin, with fewer
severe side effects and without the need for coagulation con-
trol, unless it is co-prescribed with other drugs with a risk
for hemorrhagic events [109—111]. Also mesoglycan [112]
has been proposed for long-term prophylactic therapy of VV,
with the additional goal of preventing the extension of the
vascular deficit to other organs. Nimodipine, a calcium chan-
nel blocker used in the prevention of vasospasm secondary
to subarachnoid hemorrhage, has shown some efficacy in
the treatment of vertigo and dizziness frequently observed
in older patients with cerebrovascular disease affecting areas
and neural pathways in the CNS involved in vestibular com-
pensation [21]. Nimodipine, by facilitating perfusion and
oxygenation of human brain hypoxic areas [113], showed
favorable effects on age-related cerebrovascular disorders
[114], representing a possible choice in the treatment of ver-
tigo of vascular origin in older patients [115].

Among the central causes of dizziness in the older pop-
ulation, leukoaraiosis (LA) has been generating interest

among researchers in recent years. LA is a common radio-
logical finding in older patients, and it is commonly asso-
ciated with multiple clinical findings, such as cognitive
impairment, gait disturbances, falls, and dizziness [116].
LA is a purely descriptive radiological term that is related
to cerebral small vessel disease (cSVD) [117], and it is com-
monly associated with cardiovascular risk factors, especially
hypertension [118]. Ahmad and colleagues [119] report that
the severity of cSVD is higher in elderly patients with no
specific cause for their dizziness, and therefore, they pos-
tulated that cSVD may induce dizziness and increased fall
risk either because patients perceive a degree of objective
unsteadiness or because of a cortical-subcortical disconnec-
tion syndrome secondary to disruption of white matter tracts
involved in gait and balance control. As a matter of fact,
older patients with dizziness for whom a definitive diagno-
sis has not been yet determined despite extensive clinical
and vestibular assessments should undergo brain imaging in
order to assess their level of cSVD. On the other hand, clini-
cians should be cautious when ascribing dizziness solely to
the presence of mild or moderate cSVD, as easily treatable
peripheral vestibular diseases, which still affect the geriatric
population with high frequency, could be missed [116].

Regarding the pathogenesis of LA, endothelial dysfunc-
tion and oxidative stress have been hypothesized to play a
central role. According to pathological findings, endothelial
dysfunction may be significantly more widespread than neu-
roradiological evidence alone would suggest [120].

The current treatment for cSVD-associated dizziness
involves preventive measures, such as control of vascular
comorbidities and risk factors (especially by lowering blood
pressure), together with lifestyle interventions, such as an
encouragement to increase physical activity and aerobic
exercises. Proposed new therapeutic approaches include
endothelin antagonists, neurotrophins, peroxisome prolif-
erator-activated receptor-y agonists and prostacyclin mim-
ics [121]. In patients with cSVD and dizziness, remarkable
results have been reported using sulodexide [122]. Moreo-
ver, polyphenol supplementation seems to reduce oxidative
stress load in patients with a pre-existing imbalance, and
as a consequence, it improves dizziness symptoms [120].
However, a double-blind, placebo-controlled study is needed
to confirm the preliminary results reported in the abovemen-
tioned studies.

4 Functional Dizziness

Functional dizziness indicates vestibular-like disorders of
psychogenic or somatoform origin that often occur in asso-
ciation with panic disorder, generalized anxiety disorder, and
agoraphobia. In recent years, this clinical picture has been
named “persistent postural-perceptual dizziness” (PPPD) in
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order to reflect its main diagnostic criteria of persistent non-
vertiginous dizziness, unsteadiness and non-spinning vertigo
that are exacerbated by postural challenges, and perceptual
sensitivity to space-motion stimuli [123]. PPPD cannot
be attributed to a specific structural organic lesion within
the vestibular system; rather, it is a maladaptive dysfunc-
tion of balance control and vestibular processing. Selective
serotonin reuptake inhibitors (SSRIs) and serotonin-norepi-
nephrine reuptake inhibitors (SNRIs) are commonly recom-
mended for chronic functional dizziness with and without
psychiatric comorbidities [123] and can be successfully
offered to older patients in combination with vestibular reha-
bilitation, whose role is to desensitize an “oversensitive”
balance control system with the use of habituation exercises
and relaxation techniques [124]. Some studies have reported
positive effects with the use of sertraline, as evaluated by
an improvement in subjective outcome measures between
55 and 67% [125]. However, further validation by rand-
omized, controlled, and blinded trials is needed to provide
more robust evidence regarding this matter. In older patients
with functional dizziness, benzodiazepine-like drugs should
be prescribed with caution, considering the risk of sedation
during the day and the risk of falls during the night. On the
contrary, side effects commonly associated with SSRIs (agi-
tation, anxiety, insomnia, sedation, gastrointestinal issues,
sexual dysfunction) do not differ between young and older
populations [126].

5 Conclusions

Dizziness and vertigo represent common complaints in older
adults, with falling a frequent and possibly severe compli-
cation. Due to the increasing number of older patients in
Western societies, the problem is destined to grow. The
increased susceptibility of senior patients to falling may be
a consequence of age-related physiological changes and of
a higher prevalence of comorbidities that can result in diz-
ziness, vertigo, and imbalance. These symptoms can worsen
the already decreased balance capabilities of aged patients
and, therefore, increase the risk of falling. Among the major
causes of vertigo and dizziness, vestibular disorders play an
important role and are currently estimated to account for
48% of dizziness, as reported by older patients [127]. An
early identification of the treatable conditions underlying
dizziness in older patients would surely ameliorate the over-
all outcome.

Since the cause of dizziness in this population is likely to
be multi-factorial, its management should be customized and
personalized according to each patient’s clinical picture and
history. However, it is possible to establish some important
steps to undertake when approaching an aging patient:
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1. Assess the current medication, as some drugs taken to
treat different comorbidities could directly affect the ves-
tibular end-organ or cause dizziness and/or orthostatic
hypotension.

2. Perform a Dix-Hallpike maneuver in order to check for
the presence of BPPV.

3. In the case of acute vertigo, the use of vestibular sup-
pressants should be limited only to the acute phase of
the disease in order to avoid any negative effect on func-
tional recovery or central compensation.

4. The choice of pharmacotherapy for vertigo should take
into account all the possible side effects and interactions
with the currently prescribed drugs.

5. Inthe majority of patients, it is recommended to encour-
age physical activity and exercise, as vestibular rehabili-
tation in any form is extremely effective in treating older
adults with vestibular disorders.
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