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Disequilibrium of  Aging - 2 

(Figs 12.49 - 12.57) 
Harold F. Schuknecht 

Harvard University, Boston, USA
The cells of the vestibular system and the central nervous system are non-mitotic cells that do not subdivide or replicate themselves after birth.

1.
Vestibular paresis

2.
Motion-induced vertigo

3.
Chronic ataxia

4.
Differential diagnosis

5.
Treatment

1.  Vestibular  paresis

Vestibular paresis implies a progressive deterioration of motor skills and mild episodic unsteadiness due to ageing of the vestibular system.  Postural sway, which is a normal mechanism for maintaining the erect position, increases with age.  By age 90 the hair cells of the cristae of the semicircular canals and the maculae of the utricle and saccule decrease to about 60% of the number present at birth.  Similarly the myelinated vestibular nerve fibers present in the young average at 18,000 and in old age reduce to an average 13,000 fibres.

A degeneration of the fine control of the ocular and skeletal muscles and transient motor-induced unsteadiness would logically be the consequence of diminution in the population of sensory and neural units in the vestibular system.  Thus motor skills are blunted.  When this deficit is combined with diminished vision, diminished muscle strength, and diminished proprioceptive and cutaneous sensation, the individual may have difficulty maintaining a well controlled orientation in the environment.
2.  Motion-induced  vertigo

Motion-induced vertigo is the false sensation of movement or loss of orientation in space associated with angular rotation of the head or changes in body axis compared to the direction of gravitational force.   This can be attributed to dysfunction of the kinetic labyrinth (semicircular canals), e.g., a sense of rotation present for one or more seconds after having completed a head movement (in benign paroxysmal positioning vertigo it lasts much longer).  However, a severe angular stimulus can be followed by a sensation of unsteadiness and nausea for several hours.

Another motion-induced type of vertigo is precipitated by changing of head position relative to the direction of gravitational force after the head has been maintained in a position for some time.  For example, upon attempting to arise from bed, the sensation of dysequilibrium may be so pronounced that sitting up may have to be accomplished in stages.  Some individuals with this disorder must sit on the edge of the bed for some minutes before attempting to walk.  Orthostatic hypotension may cause a similar type of sensation but is usually accompanies by other signs of intracranial ischaemia and visual blackout.  It would seem reasonable to assume that these symptoms may be caused by degenerative changes in the otolithic membranes and sensory epithelia of the static labyrinth (utricle and saccule).

BPPV is different from the conditions described above, but can also be caused by degenerative changes.  However, the symptoms are more severe, tend to subside eventually and respond to various treatment modalities.
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3.  Chronic ataxia

Chronic ataxia is characterized by a constant sensation of unsteadiness when standing or ambulating.  Clinical and special investigations reveal no abnormality.  Although the pathological basis for this disorder is not known, it appears that the peripheral vestibular system has become partially uncoupled form the vestibulospinal reflex pathways.

4.  Differential diagnosis

The differential diagnosis of dysequilibrium of ageing include:

vascular causes, 

neoplasms, 

cupulolithiasis,  and 

orthostatic hypotension.

5.  Treatment

The treatment of mild dysequilibrium of ageing is unsatisfactory but antihistaminic drugs and scopolamine can be of value.  Should medical or surgical therapy be ineffective, the patient will have to seek adaptations in lifestyle that provide the most comfortable existence in his disorientated world.  Examples of some recommended adaptive procedures are:

· Personal health measures, i.e., control body weight and maintain muscle strength by exercises.

· Ambulatory aids, e.g., wear shoes with flat heels, use night lights in home, use a cane when walking, use spectacles at all times (if needed), remove loose rugs, one-level home (eliminate stairs), install handrails in home, grab bars and non-slip appliques for bath tub.

· Avoid head movements that produce vertigo, avoid turbulent air travel or rough ground transportation, avoid handling pots of boiling water, breakable glass items, realistically assess the capability for driving an automobile, and avoid strenuous physical activity and stressful occupational activities.

________________________________________________________________
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FIG. 12.49 Cystic degeneration of aging,
crista, female, age 79, death from gastric
hemorrhage secondary to ulcer, right.
The posterior crista shows cystic forma-
tions within the sensory epithelium. All
other vestibular sense organs appear nor-
mal. At age 65, she developed motion-
induced vertigo, and after age 75 she
had a constant sense of unsteadiness un-
til the time of her death. It has not been
established, however, that this type of
degenerative change causes disequilib-
rium. X106.

FIG. 12.50 Cochleosaccular atrophy of
aging, male, age 85, death from reticu-
lum cell sarcoma, left. This man had a
subjective sense of progressive hearing
loss in old age. Only the left ear is avail-
able for study. The wall of the saccule
has collapsed and is adherent to a de-
generated otolithic membrane. There is
disruption of the sensory epithelium in
one area, a loss of about 50% of the hair
cells throughout the saccular macula,
and partial degeneration of the inferior
division of the vestibular nerve. Other
sections show severe atrophy of the stria
vascularis and severe loss of cochlear
neurons. The utricle, cristae, and supe-
rior division of the vestibular nerve are
normal. x36.
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FIG. 12.51 Cochleosaccular atrophy of
aging in animals. These views show the
saccules of a 20-year-old dog and a 19-
year-old cat, both of which suffered pro-
gressive bilateral hearing loss during the
later years of life and were severely deaf
at the time of death. Both show bilateral
severe atrophy of the organ of Corti and
cochlear neurons as well as atrophy of
the saccules. In both animals the utricu-
lar maculae and the cristae are normal.
A. In the dog the sensory epithelium of
the saccule is flattened. The supporting
cells are shrunken, and there is loss of
about half of the hair cells. The otolithic
membrane is atrophied and displaced
toward the posterior margin of the mac-
ula. The saccular nerve appears normal.
B. In the cat there is a loss of about half
of the hair cells and supporting cells of
the saccular macula. The otolithic mem-
brane, saccular wall, and saccular nerve
appear normal. C. The normal saccule
of a young cat is shown for comparison.
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FIG. 12.52 Atrophy of the saccular
nerve in aging. Surface preparations of
the saccules and utricles from human
subjects ages 13 and 92 years. The sen-
sory epithelium and otolithic mem-
branes have been removed, and osmium
tetroxide has been used to stain the
nerve fibers. The specimen from the 92-
year-old man shows normal utricular
innervation but a severe loss of nerve
fiber population in the saccule. It is not
known what effect, if any, a loss of
nerve fibers to the saccules would have
on vestibular function. Courtesy of

L Johnsson, Helsinki, Finland.

In both the motion-induced and apoplectiform types of
vertigo of aging, histologic studies often show a combina-
tion of atrophic changes and hyperplasia of the vestibular
membranous labyrinth of one or both ears. These changes
may be focal or diffuse. The pathogenesis is obscure and
therefore the term degenerative vestibulopathy is offered
to encompass these changes (Figs. 12.53 to 12.55).

Collapse of a semicircular duct is also observed in aged
subjects (Figs. 12.56 and 12.57). This pathologic change
appears to occur as an isolated event and it is not known
what effect, if any, this change might have on vestibular
function.

It is well known that cupulolithiasis (positional vertigo
of the benign paroxysmal type) is a motion-induced
vertigo that commonly affects the aged. Subjects so
affected experience a severe transient episode of spinning
vertigo when the head is placed in the provocative
position. The clinical features that differentiate cupuloli-
thiasis from other types of positional vertigo are: 1) delay
of onset of two to seven seconds when the head is placed
in the provocative position, 2) rotatory type nystagmus,
3) limited duration of five to 10 seconds with the head
remaining in the provocative position, and 4) fatigability of
the vertigo on repeated testing.

In this disorder a basophilic deposit of high specific
gravity is deposited on the cupula of the posterior
semicircular canal which permits it to respond to posi-

tional changes of the head in addition to its normal’
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function of response to angular acceleration (Schuknecht,
1969). See Chapter 14,C,1, Cupulolithiasis.

c. Apoplectiform Vertigo

Apoplectiform vertigo is characterized by a single attack
or recurring sudden severe attacks of vertigo usually
accompanied by nausea and vomiting and subsiding grad-
ually over a period of days or weeks. The acute episodes
are commonly followed by a sense of unsteadiness,
particularly after sudden head movements, that may
persist indefinitely. The symptoms are indicative of a
unilateral severe destructive attack on the vestibular
labyrinth or nerve. Among the suspected causes are
vestibular neuritis, vestibular atelectasis, and focal degen-
erative vestibulopathy.

Vestibular neuritis is an acute cranial neuropathy that is
probably of viral etiology. It is characterized clinically by a
sudden severe vertiginous attack with nausea and vomiting
that gradually subsides over a period of two or three
weeks, following which varying degrees of unsteadiness
may persist for months or permanently. There is a loss of
caloric response in the involved ear. Temporal bone
studies have shown degeneration of one or more branches
of the vestibular nerve in the affected ear (Schuknecht &
Kitamura, 1981). See Chapter 9,B,2, Vestibular neuritis.

Vestibular atelectasis was recently described for the first

time and presents a clinical picture almost identical to
vestibular neuritis (Merchant & Schuknecht, 1988). It,
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FIG. 12.53 Degenerative vestibulopathy and vertigo, female, age 77, death from cardiac arrest, right. At the age of 38 this woman complained of a
“dizzy sensation.” Examination at that time revealed normal tympanic membranes and no evidence of nystagmus. At the age of about 55, she de-
veloped angina pectoris, and at age 61, she was noted to have diabetes mellitus. At age 65, she complained of dizziness when going from the sitting
to the standing position. Examination at this time showed a slight nystagmus (direction not indicated) when going from the sitting to the standing
position. At the age of 73, it was noted in the medical record that she had “‘no tinnitus, no decrease in hearing, and no vertigo.” At the age of 74,
she reported having developed severe dizziness, swirling before her eyes, and a need to support herself whenever her eyes were open or when she
moved her head quickly. The attacks were associated with headache, nausea, vomiting, and weakness. Physical examination showed that she was
unsteady and could walk only with support. An audiogram at age 75 showed a bilateral sensorineural hearing loss characterized by descending
threshold patterns. A few weeks later she again became suddenly dizzy, falling backward when walking, and felt nauseated. At age 76, it was again
recorded that she would “lose her balance.” Examination suggested decreased proprioceptive sense and the probability of posterior column disease
was entertained. She was noted to walk with a broad shuffling gait with a jerky quality. The finger-to-nose test was normal, but the Romberg sign
was strongly positive. Histologic study of the right temporal bone shows undifferentiated cellular proliferations and precipitate on the inside wall of
the saccule with interspersed small homogeneous acidophilic spheric bodies of unknown nature. The hair cell populations of the cristae and the
maculae and the vestibular nerves appear normal. The left ear shows a normal vestibular labyrinth. The cochleae show changes consistent with
mild neural presbycusis and acoustic trauma. X72. Other pathologic changes are shown in Figure 12.54.

A 4 FIG. 12.54 Degenerative vestibulopathy
; ; il and vertigo, same case as Figure 12.53,
| right. A. The lateral semicircular duct is
atrophied and collapsed. x31. B. The
epithelial lining of the ductus reuniens
shows areas of hypertrophy. x154.
C. The posterior semicircular duct is
moderately dilated and shows severe
atrophic changes in its membranous
wall. X52.
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FIG. 12.55 Degenerative vestibulopathy and vertigo, female, age 93, death from cerebral infarct, left. At the age of 77, this woman complained of
dizziness, stating that it bothered her most in the morning when she arose from her bed. She had no nausea. Examination revealed a positive Rom-
berg sign. Further questioning showed that dizziness occurred on lying down and on sitting up and when she turned over in bed. Also, occasionally
it happened when she turned her eyes upward to look on an upper shelf. She stated that the dizziness was rarely a spinning sensation but was
chiefly giddiness. An examiner placed the patient in the supine position and reported that after a brief latent period, a violent rotatory counter-
clockwise nystagmus was produced, associated with the typical dizzy feeling of which she complained. The nystagmus lasted about 60 seconds. On
sitting up again from the supine position, she had another bout of dizziness and nystagmus, which was the same or even worse than when lying
down. She did not have dizziness when assuming the supine position on the right or left side, but on turning from left to right mild dizziness was
produced. At age 83, she stated that she still had dizziness as before but it was less severe; she died 10 years later. A. In the left ear there is a large
opening in the saccule and posteriorly, at the site of the saccular duct, there is an irregular undifferentiated cellular mass that embraces amorphous
homogeneous deposits. There is diminished cellularity of the stroma of the saccular macula. Similar masses of cells are seen in the perilymphatic
space adjacent to the utricular nerve. x44. B. Framed area in A. The cells of these structures have small round nuclei and scant cytoplasm. x175.
C. Otolithic membranes are identified on the maculae of both ears. In the left ear, the otolithic membrane of the saccule is partly surfaced by a
thin layer of cells. The cupulae of both posterior canals and the right lateral canal are surfaced by thin granular basophilic deposits of unknown
pathologic significance. Hair cell populations of the maculae and cristae appear normal. x150.

too, is characterized by an acute severe vertiginous episode  studies show no evidence of disease of the central nervous
with nausea and vomiting which gradually subsides over a  system and hearing is not affected. Caloric responses are
period of two or three weeks and is followed by a sense of ~ normal. Although the pathologic basis for this disorder is
unsteadiness. Caloric responses in the involved ear are  notknown, it appears that the peripheral vestibular system
variable but often are diminished. The continuing un-  has become partially uncoupled from the vestibulospinal
steadiness is commonly initiated or aggravated by head  reflex pathways.

movement. Temporal bone studies have shown collapse of

the walls of the pars superior (utricle and ampullae) of the 2. DIFFERENTIAL DIAGNOSIS

affected ear. The collapsed walls trap the cupulae and
utricular otolithic membrane and compress them against
the sensory epithelia. There may be small patches of hair
cell loss but the vestibular nerves are not affected. See
Chapter 14,C,3, Vestibular atelectasis.

There are numerous disorders that can mimic disequi-
librium of aging, particularly at the onset of symptoms.
Vertebrovascular ischemia. Transient episodes of vertigo,
particularly on movements of the neck, may indicate
vertebrobasilar insufficiency. While vertigo is the most
9 Chiomic At common symptom of vex‘cebroba.silar in.sufﬁciency, oth_er
signs of central nervous system ischemia (e.g., diplopia,
Chronic ataxia is characterized by a constant sensation  blurred vision, transient hemianopsia, headaches, syncope,
of unsteadiness when standing or ambulating. Neurologic ~ speech difficulties, hemiparesis) are the key to correct
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FIG. 12.56 Collapse of a semicircular
duct, female, age 81, death from leuke-
mia, left. The medical record contains
no comment regarding complaints of
disequilibrium. A. There is collapse and
near total blockage of the semicircular
duct of the posterior canal. X17.

B. Framed area in view A. x84.

FIG. 12.57 Collapse of a semicircular
duct, male, age 72, death from bron-
chopneumonia, right. A. This view
shows collapse of the right lateral semi-
circular duct in a man who at age 71
developed unsteadiness and ataxia,
which persisted until the time of his
death. x13. B. This is the framed area
seen in view A. x102.

Collapsed
Semicircular Duct

diagnosis (Weiss, 1968).

Cerebellar infarct. A small cerebellar infarct may present
symptomatically as a sudden severe attack of vertigo with
nausea and vomiting. When it occurs without other
neurologic symptoms, it can mimic apoplectiform types of
vestibular disequilibrium of aging. Predisposing factors for
cerebellar infarction are hypertension, arteriosclerosis,
estrogen replacement therapy, and blood dyscrasia. The
infarction may be characterized by either occlusion or
hemorrhage of a branch of the anterior inferior or posterior
inferior cerebellar arteries. Such a lesion may cause

compression or destruction of some of the vestibular
nuclei or vestibular connections in the flocculus, nodulus,
or uvula of the cerebellum. Imaging studies such as CT
scan and MRI are diagnostic for this disorder (Rubenstein
et al., 1980).

Occlusion of anterior inferior cerebellar artery or posterior
inferior cerebellar artery. Atheromatous occlusion of the
anterior inferior cerebellar artery or the posterior inferior
cerebellar artery results in well known syndromes of
auditory, vestibular, and central nervous system symptoms
and signs. The vestibular manifestation includes severe
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vertigo, nausea, and vomiting in association with pro-
nounced nystagmus. Temporal bone studies have demon-
strated ischemic necrosis of the membranous labyrinth and
associated nerves (Kitamura & Berreby, 1983). See Chap-
ter 8,B,2, Occlusion of the posterior inferior cerebellar
artery.

Labyrinthine hemorrhage. Spontaneous hemorrhage into
the inner ear is a rare occurrence and is rarely the cause for
unexplained acute vertigo. Temporal bone studies have
shown inner ear hemorrhages in the terminal stages of
leukemia (Schuknecht et al., 1965) and in Wegener’s
granulomatosis (Schuknecht, 1974).

Acoustic tumor. This slow-growing neoplasm arises
primarily from the vestibular nerve trunks and causes
pressure atrophy of the seventh and eighth cranial nerves
as well as ischemic degenerative changes in the membra-
nous labyrinth and sense organs. Vertigo caused by an
expanding mass in the internal auditory canal or cerebel-
lopontine angle such as vestibular schwannoma, may
simulate the disequilibrium of aging. Schwannomas often
present the following clinical features which help in
differentiation: 1) unilateral hearing loss, 2) unilateral
diminished caloric response, 3) abnormalities of fifth and
sixth cranial nerve function (corneal hypesthesia, dimin-
ished touch and pressure sensation over the divisions of
trigeminal nerve, loss of stapedial reflex, diminished blink
reflex), and 4) imaging studies (CT scan, MRI) are usually
diagnostic for schwannoma.

Metastatic neoplasms. Metastatic involvement of the
temporal bone may be the first evidence of malignant
disease or the first evidence of recurrence after initial
successful therapy. The symptoms are the insidious or
sudden onset of vertigo and hearing loss. The pathologic
picture is that of direct encroachment on the sensory and
neural elements. Sudden vertigo and hearing loss may be
the first evidence of meningeal carcinomatosis occurring,
for example, many years after removal of a primary
adenocarcinoma of the breast. In order of frequency the
site of origin for carcinoma metastases to the temporal
bone is breast, kidney, lungs, stomach, prostate and
thyroid gland (Schuknecht et al., 1968).

Other causes. Other pathologic conditions that cause
vertigo and can affect the aged as well as younger persons
are Méniere’s disease, multiple sclerosis, diabetic vestibu-
lar neuropathy (Naufal & Schuknecht, 1972), herpes
zoster oticus, ototoxic effects of drugs, commotio labyrin-
thi caused by a head blow, autoimmune inner ear disease,
sudden deafness presumed to be of viral etiology, and
chronic otitis media.

3. TREATMENT

For the milder types of disequilibrium that are compat-
ible with a nearly full range of physical activities,
meclizine, an antihistamine drug, can be prescribed in an
oral dosage of 12.5 or 25 mg to be taken two or three times
per day. The drug dosage is adjusted to minimize the side
effect of drowsiness. Also the anticholinergic drug sco-

polamine may be used in an oral dose of 0.3 to 1 mg three
or four times daily. A transdermal patch provides a
uniform delivery of the drug. Side effects of dry mouth,
blurred vision, and fatigue are common complaints that
limit the usefulness of this drug.

Patients with apoplectiform or protracted episodic
vertigo may require medication to control vomiting.
Chlorpromazine can be given in a dosage of 25 mg
intramuscularly or 50 mg rectally every four to six hours.
Also dimenhydrinate is usually effective in a dose of 50 mg
intramuscularly or intravenously, or 100 mg rectally.

A few selected patients who are severely disabled
because of constant or recurring vertigo or are at high risk
for serious injury from sudden falling attacks may be
candidates for surgical ablation of vestibular function.
Determinants in considering ablative surgery and selecting
a surgical procedure are age, general health, duration of
vertigo, status of hearing in the two ears, and unequivocal
clinical evidence indicating which vestibular labyrinth,
right or left, is causing the vertigo. Labyrinthectomy is
preferred if hearing is poor or useless in the offending ear,
and vestibular nerve section can be considered when
hearing is useful. Section of the posterior ampullary nerve
can be performed for the relief of falling attacks from
cupulolithiasis.

Should medical or surgical therapy be ineffective or
inappropriate, the patient will have to seek adaptations in
lifestyle that provide the most comfortable existence in his
disoriented world. Examples of some recommended adap-
tive procedures for these patients appear in Table 12-I.

TABLE 12-1
Adaptive Procedures: Coping With Disequilibrium of Aging

1. Personal health
a. Control body weight (professional dietary consultation)
b. Maintain muscle strength, particularly in legs (walking,

isometric exercises, stationary bicycle, selective
calisthenics)

2. Ambulatory aids

Wear shoes with flat heels

. Use night lights in home

Use ambulation aids (cane or walker)

. Use spectacles at all times, if needed

Remove loose rugs

One-level home (eliminate stairs)

Install handrails in home

. Grab bars and nonslip appliqués for bath tub

1m1tatlons of physical activities

Avoid head movements that produce vertigo

. Avoid turbulent air travel and rough ground

transportation

¢. Avoid handling pots of boiling water, breakable
glass items, torches, etc.

d. Realistically assess the capability for driving an
automobile

e. Avoid strenuous physical activity and stressful
occupational activities
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