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Introduction

Central vertigo is vertigo that arises due to an abnormality in the central nervous
system (CNS). Traditionally, and on some anatomic and functional grounds, the
vestibular system and by implication the causes of vertigo have been divided into
the central and peripheral subcategories. Peripheral causes of vertigo involve the
semicircular canal and saccule/ utricle. Central causes of vertigo are primarily
located in the brainstem and the 8th nerve. This is not surprising given the centrality
of connections from the peripheral system that relay in the brainstem affecting pos-
tural control, eye movements, spinal reflexes, and the adjacent cerebellum with
which it connects intimately.

A plethora of disease entities implicate the brainstem. Included in this exhaustive
list are common and uncommon diseases including vascular disorders (strokes,
aneurysm, basilar ectasia), inflammatory disorders (multiple sclerosis, Miller Fisher
variant of Guillain-Barre acute demyelinating polyneuropathy, Whipple’s disease),
degenerative disorders (Parkinson’s disease, progressive supranuclear palsy, multi-
system atrophy, spinocerebellar atrophy, Friedreich’s ataxia), tumors (8th nerve
tumors, meningiomas of the CP angle, gliomas of the brainstem, and astrocytomas
of the cerebellum), nutritional deficiencies (thiamine), and toxic/metabolic anoma-
lies (metronidazole overdose). We have chosen to concentrate on the evidence for a
number of selective disorders.
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Vascular Causes of Central Vertigo

Introduction

Dizziness/vertigo is a common presentation of a cerebrovascular accident (CVA),
particularly in the posterior circulation. Thirty-seven percent of posterior strokes
can be initially misdiagnosed compared with 16% of anterior strokes (P < 0.001)
[1]. Furthermore, atypical symptoms associated with posterior circulation
strokes lead to misdiagnoses with two- and fourfold higher risk of misdiagnosis
[1, 2].

Twenty percent of all ischemic strokes involve regions of the brain supplied by
the vertebrobasilar (posterior) circulation [3]. Vertigo has been described as the
most common symptom of vertebrobasilar insufficiency [3]. In a recent study, it was
found that the patients who visited the emergency department with dizziness/ver-
tigo had a twofold (95% CI, 1.35-2.96; P < 0.001) higher risk of stroke than those
without dizziness/vertigo during a follow-up of 3 years [4]. It was also demon-
strated that the patients hospitalized with isolated vertigo have a 3.01 times (95%
CI, 2.20-4.11; P < 0.001) higher risk for stroke than the general population during
the 4-year follow-up [4]. Patients with vertigo who had three or more risk factors
were found to have a 5.51-fold higher risk for stroke (95% CI, 3.10-9.79; P <0.001)
than those without risk factors [4].

Another study in California showed that the incidence rate for cerebrovascular
events in ED patients discharged after vertigo was highest in the first month (30.2
[24.4-37.0] per 10,000 person-months) and then decreased during the study period
to 6.5 (5.3-8.0) events per 10,000 person-months) thereafter [5].

Vertebrobasilar Insufficiency

The brainstem, cerebellum, and peripheral labyrinths are all supplied by the verte-
brobasilar arterial system.

The vertebrobasilar arterial system originates with the union of the two vertebral
arteries to form the basilar artery. The cerebellum is supplied by the posterior infe-
rior cerebellar artery (PICA), which arises from the vertebral artery, and the anterior
inferior cerebellar (AICA) and the superior cerebellar arteries (SCA) which arise
from the basilar artery (Fig. 25.1).

Brainstem Infarct (Associated with Hearing Loss)
The AICA usually arises from the caudal third of the basilar artery and supplies the

inner ear, lateral pons, middle cerebellar peduncle, and anterior inferior cerebellum,
including the flocculus [6]. It is an important artery for the blood supply to the
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peripheral and central vestibular structures; thus, its occlusion commonly results in
vertigo of either peripheral or central etiology [7]. AICA infarction is characterized
by acute audiovestibular loss with or without other neurological symptoms and
signs of brainstem or cerebellar involvement [7].

One study demonstrated nearly all (98%) patients with AICA territory infarction
presented with acute onset of prolonged (>24 h) vertigo and had a vestibular dys-
function of peripheral, central, or combined origin, with ocular, motor, or vestibular
signs, seen in a third of the study population [7]. This was attributed to the fact that
AICA supplies the peripheral vestibular structures such as the inner ear and CN VIII
as well as the central vestibular structures. In lieu of this complete AICA infarction
usually results in combined peripheral and central vestibular damage in addition to
symptoms of hearing loss, facial weakness, sensory loss, gait ataxia, and cerebellar
dysmetria [7]. However, it is difficult to determine the exact mechanism responsible
for prolonged vertigo in patients with AICA infarction as ischemia of any of the
structures supplied by AICA can lead to vertigo [7]. In another study, 65% of the
subjects with AICA infarction had a unilateral weakness to caloric stimulation,
which suggests that the vertigo resulted from a peripheral vestibular structure dys-
function, while in 33% of the subjects, a normal caloric response was elicited, which
points to vertigo resulting due to ischemia to the central vestibular structures [7].

Patients with cerebellar infarcts often report dizziness, occasionally in conjunc-
tion with frank vertigo, blurred vision, difficulty walking, and vomiting. Other com-
monly reported symptoms include gait instability, ataxia, hypotonia ipsilateral to
the side of the lesion, and notably, nystagmus [3]. Patients with pure cerebellar
infarcts do not typically have hemiparesis or hemisensory loss [3]. In a study [8] of
patients with vertigo due to vertebrobasilar insufficiency, 62% had a history of at
least one isolated episode of vertigo, and 19% developed vertigo as the initial symp-
tom. Patients with infarction in the territory of anterior inferior cerebellar artery
(AICA) may have isolated recurrent vertigo, fluctuating hearing loss, and/or tinnitus
(similar to Meniere’s disease) as the initial symptoms 1-10 days prior to the perma-
nent infarction [8].

Labyrinthine Infarction

The blood supply to the inner ear originates from the internal auditory artery (IAA),
a branch of the anterior inferior cerebellar artery. Thus vertebrobasilar ischemic
stroke can present with vertigo and hearing loss due to infarction of the inner ear
[9]. The IAA supplies the cochlea and vestibular labyrinth, resulting in loss of audi-
tory and vestibular function when occluded [10], and being an end artery, the laby-
rinth is particularly susceptible to ischemia due to limited collateral circulation
from the otic capsule [9, 11]. Internal auditory artery infarction mostly occurs due
to thrombotic narrowing of the AICA itself or in the basilar artery at the orifice of
the AICA [9].

Sudden onset of unilateral deafness and vertigo should prompt a suspicion of
labyrinthine infarction particularly in the elderly [12]. A definite diagnosis is not
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possible as an MRI cannot visualize the inner ear [12]. However, the apical region
of the cochlea is more vulnerable to ischemia, and this may be clinically detected
with the presence of low-frequency hearing loss [12].

Brainstem Infarct (No Hearing Loss)
Posterior Inferior Cerebellar Artery

Infarction in the dorsolateral medulla (Wallenberg’s syndrome) commonly involves
the inferior and medial vestibular nuclei and usually manifests with nausea/vomit-
ing, vertigo, and imbalance [9]. Vertigo in the lateral medullary infarction is usually
associated with other neurologic symptoms or signs, but a tiny infarct in the lateral
medulla can present with vertigo without other localizing symptoms [9, 13].

One study reported that about 11% (25/240) of patients with isolated cerebellar
infarction presented as isolated vertigo only and most (24/25, 96%) patients with
isolated vertigo had an infarct in the territory of the medial branch of the PICA
including the nodulus [14]. It has also been reported that the caudal cerebellum in
the medial branch of the PICA is the most common site responsible for central iso-
lated vertigo of a vascular cause [3].

Acute Vestibular Syndrome (AVS)

Acute vestibular syndrome can be described as sudden onset of dizziness accompa-
nied by nausea or vomiting, unsteady gait, nystagmus, and intolerance to head
motion that persists for a day or more [15]. Isolated acute vestibular syndrome (with
or without hearing loss) may be defined as vertigo/dizziness occurring in the absence
of focal neurologic signs such as hemiparesis, hemisensory loss, or gaze palsy [16].

Most lesions that result in AVS from a stroke etiology occur within the territory
of the PICA [15]. A systematic review assessed the central causes of AVS as fol-
lows: cerebrovascular event in posterior fossa (83%), ischemic stroke (cerebellum
or brainstem) (79%), hemorrhage (cerebellum or brainstem) (4%), multiple sclero-
sis (11%), and other central/equivocal causes (6%) [16].

An infarction in the brainstem localized to the vestibular nuclei may mimic an
acute peripheral vestibulopathy. These must be differentiated from AVS due to
other causes (vestibular neuronitis, Meniere’s) with careful clinical examination
including HINTS (head impulse, nystagmus, and test of skew) testing and caloric
testing [17, 18]. A normal head impulse and normal caloric point to a central cause
of AVS [17, 18]. These criteria initially proposed by Newman-Toker’s group have
been subsequently validated by other groups. In the initial paper, the diagnostic
utility of the signs includes normal horizontal HIT, skew deviation, abnormal verti-
cal smooth pursuit, and central-type nystagmus at the bedside: they found a 100%
sensitivity and 96% specificity for stroke if one of those signs was present in AVS
[15, 16, 19-22].
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Nonvascular Causes of Central Vertigo

There are several nonvascular causes of central vertigo. Some are well established
in their pathophysiology; others are still not well understood with little data avail-
able on them. A literature review study reported that none of its included studies was
large enough to identify rare causes such as post-CNS infections [16].

Tumors

Tumors of the cerebellopontine angle often cause vertigo. Vestibular schwannoma
(VS) is the most frequent benign lesion that occurs at the cerebellopontine angle,
representing about 90% of tumors at this site [23, 24]. A bilateral occurrence of VS
is usually associated with neurofibromatosis type II. NF2 is an autosomal dominant
tumor-suppressor syndrome characterized by schwannomas, meningiomas, and
ependymomas that develop throughout the central and peripheral nervous systems
[23]. However, the mechanism differs for different tumor types [25].Vertigo may
result from a lesion of the labyrinth, compression or invasion of the endolymphatic
sac, compression of the vestibular nerve, cerebellar compression, or compression of
key blood supply to the vestibular organs [25].

A study [26] to characterize the clinical picture obtained with vestibular schwan-
nomas in 122 subjects showed that only half of them reported vertigo attacks, the
predominant features being hearing loss (94%) and tinnitus (83%). The vertigo
associated with VS differed however from other causes by the absence or low inten-
sity of nausea [26]. The duration of vertigo attacks ranged from 5 min to 4 h, with
the intensity varying from mild to moderate. Occurrence of vertigo was not associ-
ated with duration of disease or size of tumor [26].

Microvascular compression of the vestibulocochlear nerve is also known to
cause disabling vertigo usually at the cerebellopontine angle. Comorbid symptoms
include tinnitus, hearing loss, and imbalance. Successful treatment may be accom-
plished through microvascular decompression [27]. Compressional symptoms have
been attributed largely to the wide variability in the anatomy of the neurovascular
complex of the cerebellopontine angle [27]. Attempts to link the symptomatic pre-
sentation to the anatomical location of the vestibulocochlear nerve compression site
are yet to produce conclusive data [27, 28] (Fig. 25.2).

Vestibular Migraine

There is a definite association between vertigo and migraine; however, the patho-
physiologic mechanism remains largely unclear [29]. Using the classification and
diagnostic criteria [30] for diagnosis of migraine, vertigo was redefined as being a
form of migraine aura, and the duration of aura was extended [30]. A diagnosis of
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Fig. 25.2 Acoustic
neuroma, seen in an axial,
T1-weighted MR image at
the level of the internal
acoustic meatus, obtained
after intravenous
administration of contrast
material. (Picture credit:
Baehr: Duus’ Topical
Diagnosis in Neurology,
4e. 2005. Thieme Medical
Publishers. New York,
Stuttgart)

migraine with aura is often made when vertigo occurs within 60 min before or after
the onset of headache [29].

Recent collaboration between the Barany Society and the International Headache
Society has led to establishing the newest diagnostic criteria for VM with subsequent
creation of the classification systems of VM [31, 32]. This features updates to the
diagnostic criteria, the type of dizziness, duration, and intensity of dizziness [32].

Savundra et al. [29] retrospectively analyzed 363 patients who presented to a
neurotology clinic with vertigo and found 116 patients (32%) possessed migraines.
Eighty-five percent of these had no other explanations for their vertigo in contrast to
only 51% of nonmigraineurs with idiopathic vertigo, suggesting that in a large pro-
portion of patients with vertigo, VM is underdiagnosed. These underdiagnoses may
be due to several factors, including the wide variability in presentation of patients
with VM, lack of a widely accepted pathophysiologic model linking migraine and
vertigo, and significant overlap with depression or anxiety [29, 31].

The study also noted significantly higher prevalence of a central vestibular dis-
turbance and of a combined central and peripheral vestibular disturbance in
migraineurs with vertigo [29]. Migraineurs with vertigo may also experience tran-
sient vestibular dysfunction occurring at any site between the end organ and the
cerebral cortex [29]. Likely causes include ischemia of the labyrinth, vestibular
nerve, vestibular nuclei, reticular activating system or cerebellar modulating path-
ways [29, 33]. Other possibilities include ischemia at the cortical level at the tempo-
roparietal junction, anterior cingulate gyrus, and primary sensory cortex [29, 33].-
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Fig. 25.3 Representative axial T2-weighted brain MRIs in subjects with MS presenting with acute
vestibular syndrome. Axial MRI images include cuts caudal and cranial to the purported respon-
sible lesion in order to present extent of visible demyelination [38]. (Picture credit: Springer link)

Demyelinating Disorder

Demyelinating disorders like multiple sclerosis (MS), although uncommon, have
been estimated to be the cause of central vertigo in 10—15% of cases [16, 34]. These
are largely attributed to demyelinating plaques within and around the 8th nerve
fascicle or vestibular nuclei [35, 36]. MS patients have been reported to develop
vertigo either as an initial symptom or during the course of the disease, with several
reporting chronicity [37].

Acute symptoms of vertigo in MS may be classified into two groups: acute ves-
tibular syndrome and positional vertigo [38]. It is widely accepted that the major
cause of AVS in MS is due to damage of the vestibular nucleus or fascicular portion
of the 8th CN by a lesion in the lower pons or upper medulla [39].

In a study [38] of patients presenting with AVS, 4% of the study population were
identified with demyelinating disease as the cause of vertigo, with AVS occurring in
demyelinating attacks in all the subjects. The most prominent clinical features were
ocular motility limitation and vertical nystagmus. This, along with a normal h-HIT,
suggested the presence of central localization in the subjects. MRI revealed lesions
throughout the brainstem and in each cerebellar peduncle, with more than half
showing gadolinium enhancement. All the lesions were noted to occur in anatomic
structures involved in vestibular signaling (Fig. 25.3).

Metronidazole-Induced Central Vertigo
Metronidazole is relatively safe when used at appropriate doses, but prolonged use

may result in peripheral neuropathies and cerebellar dysfunction. Patients with the
condition often present with dizziness, vertigo, and headache [40]. MRI shows the
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unique characteristic of increased T2/FLAIR signal in the dentate and red nucleus
[41-43]. This finding is only alternatively seen in Wernicke’s encephalopathy.
Although the pathophysiology of metronidazole neurotoxicity remains unclear,
most lesions secondary to metronidazole neurotoxicity are completely reversible.

Prior studies done in rats have shown axonal degeneration after treatment with
metronidazole, with symmetric lesions in the cerebellar and cochlear nuclei [44,
45]. It was postulated that metronidazole and its metabolites bind to neuronal RNA
and inhibit protein synthesis resulting in reversible axonal swelling [45].
Metronidazole also crosses blood-brain barrier and can result in imaging and histo-
logical findings similar to Wernicke’s encephalopathy [44] (Fig. 25.4).

Fig. 25.4 Multiple axial magnetic resonance imaging of the brain in a 22-year-old male on met-
ronidazole presenting with cerebellar symptoms. Axial T2 images (a, b) reveal symmetric areas of
increased signal in the dentate (black arrows), the facial (yellow arrows), and the red nuclei (red
arrows), bilaterally. Axial fluid attenuated inversion recovery images (¢) showing similar changes
with restricted diffusion noted on the diffusion-weighted image (d) [44]
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Central Vestibulopathy After Heat Exposure

Heat exposure is a potentially fatal condition with the CNS being reported to be
particularly susceptible to heat injury [46]. Jung et al. reported a case study of
patients postexposure to extreme heat, in which subjects were noted to develop
vertigo and imbalance about a week after heat exposure, with positive HITs bilater-
ally alongside signs of cerebellar dysfunction [46]. All patients showed abnormal
downward corrective saccades during horizontal head impulses along with rare
head-shaking nystagmus [46].

A postmortem study found a loss of cerebellar Purkinje cells in certain patients
with heat stroke [47, 48]. Additionally, an increased expression of heat stroke pro-
teins 72 (HSP 72) was present near residual Purkinje cells indicating a selective
vulnerability [47, 48]. CT and MRIs have shown atrophy in the cerebellar hemi-
sphere and vermis in patients with heat stroke [49]. Nystagmus is thought to be
attributed to damage to the vestibulocerebellum [49].

Wernicke’s Encephalopathy (WE)

While oculomotor findings and memory dysfunction are the well-known correlates
of thiamine deficiency, dizziness has also been described. Differential susceptibility
of the vestibular systems to thiamine deficiency can be demonstrated using the head
impulse testing [50].

Kwang et al. [50] studied two patients with thiamine deficiency, one with anoxia
and the other from excessive alcohol consumption. They both presented with ver-
tigo, ataxia, and psychomotor slowing among other symptoms. Vestibular function,
assessed using the bithermal caloric testing, in the anorexic patient showed minimal
responses in both ears initially, which markedly improved 6 months after thiamine
replacement [50].

Neuropathological examinations of patients with WE have revealed lesions in
the VN, especially in the medial VN (MVN), nucleus prepositus hypoglossi, nodu-
lus, and uvula [50], with MVN being most vulnerable to thiamine deprivation [51].
Previous studies have attributed vestibular paresis in WE to be due to lesions in the
vestibular nucleus [52] (Fig. 25.5).

Epileptiform Activity

Vestibular symptoms may be associated with seizures, with those resulting directly
from focal, intermittent epileptic discharges collectively known as epileptic vertigo
[53]. They may present as an aura symptom preceding a seizure, may be the result of
a side effect of antiepileptic medications, or may constitute the seizure itself [53, 54].
Vertigo and dizziness are also known to manifest in nonconvulsive status epilepticus
(NCSE) [53], a picture consistent with transient neurological attack (TNA) [55].
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Fig. 25.5 T2-weighted MRIs of a patient with Wernicke’s showing symmetrical hyperintense
lesions are shown at dorsal portions of the medulla, periaqueductal gray matter, and medial por-
tions of both thalami [50]. (Picture credit: Journal of Neurology, Neurosurgery, and Psychiatry)

Penfield et al. reported that electrical stimulation of the posterior half of the supe-
rior temporal gyrus and the parietotemporal junction produced vertiginous experi-
ences similar to those of spontaneous seizures [54, 56].

In a recent study by Kim et al. [57] in which the importance of vertigo was
assessed in epileptic patients using video-EEG monitoring, it was reported that cor-
tical stimulation studies of patients with epilepsy identified both the temporal and
parietal lobes as vestibular cortical areas [58]; however, epileptic discharges in
patients with epileptic vertigo were observed in more expansive areas, including the
frontal and temporoparieto-occipital junctional areas, suggesting either processing
of vestibular-related input across large cortical regions or spread of excitation to or
from nearby areas [59]. This study also revealed that vertigo or dizziness was the
most frequently encountered first aura [57]. Patients with epileptic vertigo respond
well to antiepileptics as depicted by Tarnutzer et al. [53] in which response rates to
antiepileptic treatment were as high as 90%.
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