Emerging technology provides new challenges for audiological practice

Implications of measuring
intracranial pressure

ROBERT MARCHBANKS, PhD

Techaology & now available which allows the inlracranial pressure to be measured non-
invasively via the ear canal. This in itsell may be considered remarkable and greatly
hroaden the scope of audinlopical practice. The implications, however, may prove to be
more profound. This adiological technique now is being used to provide routine mea-
sures of infracmnial pressure on patients with hydeocephals. This can leave no donbi

that the inner ear is in direct communication with the cerebrospinal fluid and potentially
may be affected by any disorder associated with intracranial pressure.

here are many conditions which cause

raised intracranial pressure, and there

are 2 number of instances where audi-
olomeal mandestations have been report-
ed. Fluctuating hearing loss, tinnitus and
vertian are sometimes found with condi-
tions such as ideopathic intracranial hvper-
tension!? and various forms of hydro-
cephalus.!3 In toen, there are many clinical
associations of ntracranial hyper-

depends on measuring the mpanic mem- |

brane displacsment in response o contrac-
tion of the stapedial muscle. This method
relies on the fact that the manner in which
the membrane responds 15 dependent on
the resting podition of the stapes footplate
within the oval window. Since this resting
pasition in twrn depends on the cochlear
flud pressure, then a useful indurect mea

| whick a headset & connected. It is similar in

appearance ta the set-up used in acoustic
immittance audiometry. Tympanic displace-
ment i induced by acoustical stimulation of
the stapedial reflex, and the resulting time

history is measured with a special transduc-
et which resolves volume displacements as
small as & nanolitre. This transducer 1s
attached to the headset and is connected to
a probe which s hermetically sealed into

the paticnt’s cxternal car canal using & stan-

| dard seal as used for iympanometr.

MNon-invasive intracranial pressure mea-
surements depend upon the cochlea being
connected to the cerebrospinal fluid sys-
tem. In most people, the perilymphatic
pressure reflects the intracranial pressure
by virtue of a connecting path

tension including: endocrine dys-
funclion—pregnancy, memstrusl
irregulanty, oral coniraccpiives,
steraid therapy: venous sinus
thrombosis— mastoid oF para-
nasal sinus infection, head traa-
ma; drugs and vitamins—tetracy-
clime, excess vitamin A, haemato-
logical—iron deficiency, leuka-
emg; and farmilial ® Al of these
may have the potential (o cause
secondary audiovestibular disar-
ders.

Measurement principle
To understand how the tech-

nique works, it is necessary to
consider the inner ear as a “back-
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way known as the cochlear aque-
duct (Fig. 1). This pathway has
been shown to be normally open
at birth but 15 more hkely to be
gealed lawer in Life, 14

A comparison of tympanic
with direct intracranial/cere-
brospinal fluid pressure measure-
ments (2.2, intraventricular or
subdural pressure monitaring)
hes been made, This allows cali-
bration of the tympanic pressurc
measurements against known
intracranial pressure.®-!! The

technique may be used on an
individual patient basis to pro-
vide a qualitative assessment of
whether the cochlear pressure is

water™ of a relatively larpe “sea™

Fig. 1. Schematic shovang the fnd pathway betiwesn the cocied snd sub-

of Muid which ig of the cere- arachnoin spaca which contams the carabrosping Nula.

brospinal fluid svstem.  Provided

an open connection exists hetween these, | sure of pressure can be obtained. 10

then any change in the pressure of the cere- |

brespinal fuid will be trapsmotted through
to the penivmmph of the inner ear (Fig. 1)
Changes in intracranial fluid pressure
will be exeried on the cochlear window. [1
is this ¢ffcct on the oval window which
aliows the perilymphatic pressure and, con-
sequenthy. the intracranial fluid pressure 1o
be indirectly measired. The technigue
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A higher than normal cochlear pres-
sure displaces the resting position of the
stapes [Dolplate laterally, thereby allowing,
o greater degree of freedom for motion in
the medial direction and comrespondingly
a more inward-going tympanic membrane
displacement an contraction of the stape-
dial muscle (Fig. 2). Conversely, a lower
than normal pressure will displace the
footplate resting position medially and
produce a more outward-going displace-
ment on muscle contraction,

The apparatus for this test i based on an
IBM PC compartible microcomputer to

within normal Limits or is abnor-
mal at a8 pressure in excess of
nominally 200 mm saline.” Large
inter-subject variations preclude absolute
pressure measurement on an individual
subject hasis at the ourent stage of develop-
menl. Clinical applications are chosen
where possible to take advantage of the fact
that the technigue is extremely sensitive to
relative chenges in pressure where the
paticnis ad as their own contool,

Hydrocephalus and

audiological practice

Hydrocephalus usually is associated with
raised intracranial fluid pressure and is
detrimental to proper function of the brain.
It can be life threatening. There are many
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Intracranial pressure

reasons why hydrocephalus can occur, such
as vongenital abnormalities (e.g., Spina
Bifida, meningitis or brain hemorrhage)
sustained by some premature babies.

Audiological practice traditionally has
not been concemed with the hydrocephalic
patient. Howsver, this may become an
increasingly important role. Intracranial
pressure measurements by means of the
tympanic measurement technigue have
very real advantages in that they are pain-
less and non-surgical. The techrigue meels
a clinical need which for the first time
allows almest unrestricted pressure mes-
surements without any health nsk to the
patient. This promises to provide a sub-
stantial benefit to the diagnosis and treal-
ment of hydrocephalus. In particular, this
facilitates improved clinical management of
the patient in terms of detecting abnormal-
ly raised intracranial pressure, ascertaining
the success or failure of pressure-commedive
sUrpery, monitorng patien! recovery and
subsequent long-term health care and
assessing the need for further surgery.

In many instances, the audialogical
practitioner will be the best person to
undertake routine assessment of
intracranial pressure, since sthe pos-
sesses the necessary skills Lo perform
audinlogical tests on children and has
an understanding of the hearing pro-
cesses involved in the measurement,

One of the main elinical applications is
the assessment of whether cerebrospinal
Muid shunts, used o surgically treat hydro
cephalus and intracranial hypertension, are
functioning correctly. Failure to treat
raised intracranial pressure may result in
long-term complications, permanent brain
damage and sometimes even death.
Cerebrospinal Auid shunts are effective in
minimizing handicaps associated with
raised intracranial pressure. Problems with
shunts, however, are not infrequent and the
tympanic pressure measurement technique
fulfills the need for a non-invasive method
of detecting shunt malfunction.*® The need
for shunt revisions will include those due to
sitspected blockages, infections and revi-
sions when the child outarows a shunt fit-
ted when a baby.

Testing hvdrocephalic children pro-
vides a challenge to the audiological
practitioner. These children require
regular clinical reviews to obtain good
“baseline™ measurements when the
child is healthy and to provide possible
early detection of intermittent shunt
malfunction.® Shunt malfunction often
will have serious consequences, since
the lack of drainage of cerebrospinal
fluid resulls in the intracranial pressure
incréasing to sometimes a life threaten-
ing level. Even a partial or intermittent
blockage may be serious, causing
changes in social behavior (e g., aggres.
sion, educational handicaps or less of

Fig. 2. Stapes movement and resuiling fympanic
membrane displacemant 1t} on acoustically
confrolied confraction af the stapedial muscla,
AL A higher than normal cochiear fud pressure
results in an inwarc-going displacamant. 8)
Comversely, mormaidow cochiaar turd prassuna
rasuits in a more outwara-gaing displacamant.

schooling) as a result of cne or more of
the associated symptoms.

Mew insight inte

audiological disorders

The symptoms &nd signs of intracramial
hypertension are diverse and often non-spe-
cific. They may inchsde headaches, nausea,
il and visual disturbances, Audio-vestibu-
lar manifestations of this condition may
include tirutus, vertigo, heanng loss which
is often more pronounced at the lower fre
quencies and fluctuates in sevenity and sen-
sations of aural fullhess 1213 There 8 a clear
potential for misdiagnosis berween true
audigvestibular disorders and those which
are merely manifestations of intracramial
hypertension, This prablem is being
addressed with the assistance of the tympan-
ic intracranial’cochlear pressure measure-
ment technique, Multicenter triaks now are
underway with the purpose of dissociating
neurological from audiclogical disorders.

Parallel studies are being conducted in
Southampton on patients with audio-
westibular disorders as scen in the sudiolog-
ical clinic and those with confirmed
intracranial hypertension as seen in neuro-
logical departments. Tests appear to show
the presence of perilymphatic hypertension
in a selected group of parents seen in the
audiclogical clinic with a combination of
tinnutus and objective episodic vertigo. By
comparison, of the patients tested with con-
firmed ideopathic intracranial hyperten-
sion, 70% will report significant Linnitus
and 62% will report balance disturbance of
which 31" is objective vertigo.

Intracranial hypertension is the probable
cause of the penlymphatic hypertension in
most cases, The fluid pressure was estimat-
ed o be on average at least 100 mm saline
in excess of normal for the group as a
whole, This group has other similaritgies with

these patients with ieopathic hypertension
in that the patients tested show a prepon-
derance of females to males exceeding 2 to
1. This differs from other audiovestibular
pathology, such as Memere's disease in that
the sexes are equally represented.  Already
the technique is being used to screen
patients who require careful consideration
in terms of possible intracranial pressure
imvalvement. Much research needs 1o be
undertaken before the complex interactions
between the cerebrospinal fuid system and
the disorders seen in andiological practice
will be fully undersiood.

Challenges for today and tomorrow
The tympanic technique of measuring
intracranial pressure is currently con-
tributing to the long-term health care
of hydrocephalic patients and, in partic-

ular, children with cerebrospinal fluid
shunts. In many instances, it is the audi-
ological practitioner who will e hest
equipped to undertake these measure-
ments. In the future, our understanding
of hearing and vestibular disorders will
be modified by the knowledge that con-
ditinns which affect the intracranial
fluid pressure will directly influence the
cochlear pressure, The audiological
practitioner must, therefore, be aware
of these conditions and the potential
for secondary disorders of the ear. O
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