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ELECTRONYSTAGMOGRAPHY- A Review of Literature:

Chapter-1
| NTRODUCTI ON

El ectronystagnmography is a clinical tool which involves

the acquisition of a permanent quantifiable record of eye-

moti on. Du Bois- Reynond(1849) discovered that a potentia

difference exists between the cornea and the retina in man
(Corneoretinal potential). The Cornea was found to be
positively charged and the retina was found to be negatively

charged. The eye therefore functions as a'rotating dipole’

and this characteristic is utilized in the 'skin electrode

techni que’ known as "el ectronystagnography” ENG records

may be interpreted with consideration of a grow ng body

of information regarding normal and abnormal patterns of eye

motion associated with the function of the ocul onotor and

vesti bul ar systens.

ENG has become an inportant element in the conplete nero-
ot oaudi ol ogi ¢ diagnostic procedure particularly for individuals
with unilateral hearing loss tinnitus dizziness and verti go.

ENG makes it infinitely easier to decide that the patient has:

(a) Anormal vestibular mechani sn?

(b) Disease of one or other |abyrinthine end organs

(c) Retrolabyrinthine or central nervous systerr disease.
ENG makes it possible to discover nystagmas which is otherw se
suppressed with the eyes open. It makes possible to nmeasure
the velocity of mystgrmus. ENG provides us with an objective

repertabl e, permanent record that will be of significant
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advant age i n nedi col egal probleminvolving the vestibular and

CNS system

The correlation of ENG recordings with the total patient
eval uation by the Physician will be the best way

to arrive at the diagnoses.
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Chapter-11

Vesti bul ar Appar at us

Anat ony
The sensory structures of the vestibular system known
collectively as the vesti bul ar apparatus, are contained
wi thin a nmenbranceasl abyrinth which is supported by fibroas
strands inside a contoured cavity, the bony |labyrinth, in
t he petrous portion of the tenporal bone. The nmenbranous
[ abyrinth an interconnected series of tubes and sacs, forns
a closed container filled with a fluid, endolynph. The
space outside the nenbranous |abyrinth, between it and the
bony labyrinth, is filled € perilynph. The nenbranous
| abyi nth contains two types of sensory organs: the sem -
circular ducts, whose sensory receptors are primarily sensitive
to angul ar accleration, and the otolith organs, the utricle
and saccal e, whose sensory receptors are primarily sensitive

to linear acceleration and change in linear acceleration.

Three semcircul ar ducts, the anterior, the posterior and the
|ateral, formthe part of the menmbranous |abyrinth in each
inner ear. In man, each duct is roughly in a single plane

and approximately at Rirs to the other two, the lateral duct

is in a plane inclined about 30° fromthe horizontal head

pl ane, while the anterior and posterior ducts are approxi mately
in vertical head planes. The anterior semcircular duct of the

l abyrinth in one ear is coplanar with the posterior semcircular
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duct of the labyrinth in the contralateral ear. This plane

is approximately 45° fromthe sagittal head pl ane.

Each sem circul ar duct wi dens at one point before it joins
the utricle. This dilation is the anpullar. It contains

t he neuroepitheliumof the semcircular duct. This neuro-
epitheliumas well as supporting cells, connective tissue,

bl ood vessels, and nerve fibres formthe crista anpullaris.
The crista anpullar's is a saddl e-shaped ridge whi ch extends
across the floor of the anpulla at rt Ls to the long axis

of the anpull a.



Chapter-111

Physi ol ogy.

Vesti bul o-ocul ar interaction:

The peripheral vestibular system consists of 5 sensory
receptors that are contained within each nmenbranous labytrinth

These receptors are (1) the macula of the saccule; (2) the

macul a of the utricle and(3-5) the crista -cupul a apparatus

in each of the three semcircular canals. Each of, these
receptors contains sensory cells having cilia that are in
intimte contact with an overlying nenbrane; in a fashion
simlar to that of the cochlear hair cells and tectorial
menbrane. The spiral cochlea is phylogenetically newer than

the vestibul ar apparatus and represents a refinenent of the
vesti bul ar sensory system

The sensory nerve fibres fromeach of the 5 vestibular receptors
join together to formthe vestibular branch of the auditory nerv
and they project with the brain stemto form synaptic

connections in the vestibul ar necl eus.

The vesci bul ar nucl eus consists of four discrete divisions from
whi ch neurons energe to supply information to the visual and
somat osensory systens. The nedial division of the nucleus
receives a portion of its input, from the semcircular canals
and send projections to the oculonotor, trochleay and abducen
nucl ei. The abducens nerve (M nerve) energes fromits

nucl eus and innervates the |ateral Rectal nuscle, which pulls

the eye outward. The trochlear(l1V) innervates the superior
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obl i que muscle which pulls the eye downwards. The oculonotor(l11)
supply the nedial rectus, which rotates the eye inward. The
ocul onotor nerve also supplies the inferior oblique and

inferior rectus nuscl es.

VWil e the overall organization of the vestibul o-ocul ar system
is very conplex, the innervation pattern just describes allows
each of the semcircular canal receptors to influence eye notion

in the plane of the canal in which the receptor resides

O particular inportanceto the ENG evaluation is the fact that
the horizontal canal receptors have a substantial effect upon
the notion of the eye in the horizontal plane, or "to and fro"
fromthe individual's right to left side. In the normal case
this influence vestibulo |abrynth contains endol ynph which

| ags behind the notion of the head itself whenever the head is
acclerated or declerated. The fluid lag is due to inertia,
and it results in a brief relative notion wi thin the
menbranous |abyrinth. The fluid notion in turn results in a
di spl acenent of the cristacupul a apparatus housed within each
canal in a manner that would occur with any pliable object

placed in the path of the flow ng Iiquid.

The diagramin Fig.2 illustrates these effects. Part Aof the
figure is a schematic of the horizontal semcircular canal in
the resting position The crista-cupula apparatus is shown to be
contained within an enlargenent of the canal Cis called the

anpulla. The anpulla is located in the rostral portion of the
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canal (the portion closest to the front of the head) when the
head is rotated towards the |left side, as shown in Part-B,

t he endol ynph which is present in the canal legs briefly and
undergoes a relative notion towards the anpulla.. The direction
of this notion is called anpullo-petal. The crista-cupula
apparatus will be displaced in the direction of the nonentary
fl ow of the endol ynph. Wer experiencing rotation of this type
the normal individual will produce conpensatory eye notion

towards the Right side, which is opposite to the direction of

rotation. The eyes will nove slowy to the Right until a
maxi mum devi ation is reached and they will return quickly
before repeating the slow conpensatory notion to the Bi ght
It is the left horizontal canal which has pronoted this
conpensatory” ® ' oM A x Ut ok k% A * 0 JSeye
notion, acting, of course in concert with the canal on the
Ri ght side of the head.

Sponer O {‘*{L"T‘\L

\
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Fig-I



(8)
Fi gure-1: Sinplified innervation schene for a horizontal
semcircular canal. The Brain stemnuclei involved in control
of the extrinsiceye nmuscle are shown in schematic formC their
possi bl e connections via the vestibular nucleus to the
sensory receptors vestibular nerve in the HC. In case of

Ri ght | abyinth note that principle connections are made

to the nmediolrectus of the right eye and the Lato rectuss of Lt eye
A @ /‘\ 'l_
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Effect of head acceleration or decleration on fluid flow

in the horizontal semcircular canal.

Part-C of the figure illustrates the effects of head
rotation to the right. Rotation to the right results in a
relative notion of the endol ynph away fromthe anpul | a or

in an anpulla-fugal direction. The criste-cupula di-

pl acement corresponds to this fluid nmotion and the resulting
sl ow conpensatory eye notion is towards the |eft side,

with rapid recovery to the Right.



The "to and fro" notion of the eyes, with slowtravel in one
direction and rapid travel in the other, is ""true vestibul ar
nyst agenus”. Wen true vestibular nystagenmus is present, its
direction is named by the direction of the fast phase of the
eye notion. The magnitude of the nystaginmus is measured in
terns of rate of eye notion in degrees of rotation per second,
during the slow phase of the notion. The fast-phase direction
and the slow phase velocity(SPV) of nystaginus are two of its

features that are used in clinical descriptions.

CALORI C  STI MJLATI ON

In the norrral case, both the Left and Ri ght vestibul ar systens
function to influence eye notion. A major (systens f-unction to
i nfluence-eye ne portion of the conplete ENG exam nation

consi sts of observing and neasuring eye notion under nor mal
conditions of stinulation eg.- under conditions of changes in
head or body position. A portion of the exam nation requires
t hat each vestibul ar |abyninth be stinmulated singly, w thout
known stimnulation of the opposite |abyninth. This cannot be
acconpl i shed by spinning or otherwi se noving the individual,
since both | abyrinths would receive stinulation when notion
was introduced. The usual nethod of single labyrinth stinu-

lation involves the use of a "Calorie Stimulus'.

When caloric stinmuli are used, the individual reclines, and
the head is brought to an elevation of 30° above a true
hori zontal plane. The head position appropriate for Calorie

stimuli is illustrated in Part-A of Fig-1I1l. As suggested
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by the figure the 30° elevation results in a nearly verti cal
orientation of the horizontal canals. The anpulla of the canal
is placed in a position above the canal itself, when the appro-
priate position is assuned. The caloric stinulus consists of
[iquid (water or air) which is different than normal body

tenparature and which is introduced into the external auditory neatus

i.{:-'\:{ {: fu % {t"“ P J\“ v P W h O - PC J"LI{I {‘!t A

\

\ ™ , J( - ‘If'h\lt

Effect of Caloric irrigation on fluid flowin the H C - The

nmeot us, tynpani c nenbrane and nucl ear all undergo a tenperature
change. Since the horizontal canal passes very close to the mddle
ear space, the fluid in the horizontal canal also undergoes a
change in tewparature, when a warm stinulus is used as in

Part-B of Fig-I11, the fluid nearest the m ddl e ear space

becones warnmer and | ess dense than normal. Because of the change
in density, the warnmed fluid effectively"rises" towards the
anmpul | a of the horizontal canal. This anpullo-petal notion
corresponds to that which would result fromhead rotation to the
left, which was shown in left rotation and warmirrigation of
the | eft ear both produces a nystagenus with a slow conpensatory

notion to the Right side and a fast phase to the Left side.
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When a cool irrigation is used, the fluid nearest the
m ddl e ear becones nove dense than normal Part C of Fig-111
The fluid"Falls" toward the dorsal part of the canal due to

its density and the effects of gravity. The resulting

anmpul | o-fugal flow of endol ynph corresponds to head rotation
to the Right. The nystagnims C is evoked by this form of
stimulation will have a slow phase towards the | eft side and

a fast phase towards the Ri ght side.

In sunmary Calorie stimulation provided to either |abyrinth
may produce nystagnus effects which corresponds to rotation,
warm stinmulation if a labyrinth results in nystagnus effects
whi ch would follow fromrotation towards the irrigated side.
Cool stinulation produces effects which would nornmally result
fromrotation away fromthe irrigated side. The slow and the
fast phases of the nystagnus conplenent this formof stinulat-
ion Cool irrigation produces nystagnus with a fast phase and
fromthe irrigated side. Warmirrigation results in a fast
phase towards the irrigated side. The specific application of
this formof stinmulation in clinical testing will be described

| ater.
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Chapter-1V.

Definitions.

NYSTAGMUS: is an involuntary rhythm cal movement of the eyes.
Two successive movenments occur at regular intervals, one to

and one fro. |If the novements are equal, nystagmus is oscillating
or undulating. If unequal, we have jerking diphasic or directed
nystagms, Nystagms of the unequal type is a non-voluntary
movement .

NYSTAGMOGRAPHY: is the technique of recording nystagomus. A

number of methods of obtaining the recordings have been

utilized:
(1) Mechani cal method.
(2) Photographic method.
(3) Photoelectric method and
(4) Skin electrode technique

known as El ectronystagnmography.

NYSTAGMOGRAM  |s the actual tracing or recording produced by

the technique of electronystagography

. NYSTAGMUS:
(A) Components: (1) Slow (2) Fast;
(B)Direction: (1) Horizontal, (2)Vertical (3) Oblique or
Rot atory
(O lntensity or Degree(Al exander's Classification)
(I)Ist Degree (2)2nd Degree (3) 3rd Degree
(D) Types: (1) Optokinetic (2)Vestibular (3)O0cular

( E) Noni nduced:
(1) Spontaneous

(2) Positional: (a) Nylen's classification:
(i) Nylen |
(ii) Nylen |
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(b) Cawt hrone's Cl assification:

(i) Fatigable
(ii) Constant
F) Induced:
(1) Galvanic ;
(2) Rotational
(3) Mechanica
(4) Cal orie.

2. NYSTAGMOGRAPHY:

Techni ques:

1. Mechanical devices.

2. Photographic

3. Photoelectric

4. ENG or Skin Electrode

(a) Corneoretinal Potentia

(b) Rotating Dipole

(c) Positive or Negative direction.
(d) Electrodes: (i)Horizontal

(ii)Vertical; and iii)Ground.
(e) Preamplifier: AC and DC
(f) Galvanic Potentials
(g) Channels: (i) Rawor Conventi onal

(ii) Differentiated
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3. NYSTAGMOGRAM:

(A Types: (1) R. Beating;

(B) Paranmeters:

(2) Lt. Beating.
Dur ati on;

(1)
(2) Intensity
(3)

)

Latency
(4) Response Decl i ne.
(a) Velocity of Fast and Sl ow component
(b) Total number of Beats
(c) Frequency per Unit/Time
(d) Cul mnation Val ue

(e) amplitude.

(O Recording Types: (1) Hypoactive

(D

(2) Paretic or Non-reactive

(3) I ncreased response Intensity
or Hyper excitability

(4) Directional preponderance
(5) Secondary Phase nystagmus

(6) Intermttent or Sporadic nystagmus

Eye movements ot her than Nystagnus:

Tabl e Mountain- To and Fro or Square waves
Si nus Rhyt hm

Bl i nki ng

Eyelid Tremor.
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Chapt er-V

The El ectronystagnograph in Clinic.

An El ectronystagnograph is sinply a standard bi ol ogi cal

pen-writing recorder. Table below lists the specifications
that tailor the recorder to record nystagnus. Three of the

nore critical of these specifications are discussed.

Speci fications of an ENG suitable for routine Clinical use:

| - Gain (Sensitivity)
25-500 nV/ cm per deflection continuously variable with
calibrated setting.
I'I. Frequency response (3 dB down points)
H gh 15 Hz
Low 0.1 Hz (Time constant = 3 sec)
I11. Conmon-node rejection ratio
G eater than 80 dB at 60 Hz
I V. Input inmpedance

Greater than 1 megohmwi th differential i nput

V  Paper speed
10 mm sec.
VI . Nunber of recording channels

one/ t wo.

| .  Frequency Response: Bi oel ectric signals never occur as

i sol ated phenonena. The particul ar event one wi shesto record
is always imersed in a mlieu of conpeting electrical events
of diverse origins. One inportant way of selectively recording
the desired event is to tailor the frequency response of the

recorder to reject unwanted signals. Care nust be taken,
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however not to restrict the recording frequency response to

the point that the desired count is not recorded with fidelity.

In ENG 60-Hz hum and nmuscl e potentials are probably the nost
serions of the rapidly changing interfering signals. These
signals can be mnimsed, however, by restricting the high side

of the frequency-response curve. Also, such slowy changing

el ectrical signals as the electrodernal respcnse( due to sweating)

and electrolytic potentials at the electrode-skin interface can

be elimnated by restricting the high side of the frequency
response curve. Also, such slowy changirg electrical signals as

the electrolytic potentials at the el ectrode- skin interface can
be elimated by restricting the |ow side of the ENG s frequency
response.

2. Common-node Rejection Ratio: Bionedical recorders al nost

al ways use differential anplifiers to anplify the recorded

signals. The main advantage of the differential anplifier is

that it tends to reject interfering electrical noi se radi at ed

fromnearby sources eg.- 60 -Hz power lines. |In short, a
differential anplifier is two anplifiers connected so that their
outputs subtract. Thus, signals that are the sare at both inputs
(common-node signal) cancel out, whereas signals that differ at
the two i nputs pass through and are anplifi ed.

Slight differences in the electronic conponents of the two sides
of the differential amplifier will create slight differences in

comon-node signals. Since the electronic conponents are not



perfectly uniform real-life differential anplifiers never
completely reject comon-node signals. However, sone are better

than others. The ability of the differential anplifier to reject
common node signals is thus an inportant indication of its

quality. This ability is measured by applying a signal eg.-

a 60-HZ sine wave, so that it is first in phase at the two inputs
and then 180° out of phse The ratio of in-phase to out-of-phase
vol tages required to produce the same output is terned the

" common-node rejection ratio " This the 90 - dB common- node
rejection ratio specified above means that an in-phase signa

must be about 13,000 tinmes as strong as an out-of-phase signa

to produce the sane output.

3. Single-versus Dual -channel Recorder: The advantages of a

t wo- channel recorder over a one-channel recorder are

1. Vertical eye novenen s can be recorded. Awvertical eye-
novenment channel occasionally reveal s paraoxysmal nystagnus t hat

ot herwi se woul d be m ssed and al so, vertical ocular abnormalities
may be inportant signs of central nervous system pathol ogy.

2. The vertical channel helps to detect eye blinks in the

hori zontal channel.

3. The second channel provides ox back up channel so that the ENG
need not shut down if one channel develops difficulties

4. If the recorder has nodul ar preanplifiers the second channe

can be used as a " velocity " channel which, in theory provides a

sem auomati ¢ conputation of nystagnus intensity.

The mayer di sadvantage of the dual -channel recorder is that it
costs about twi ce as nuch as a single-channel recorder + An addit-
ional m nor disadvantage is that the dual channel recorder is sone-

what | arger than the single-channel recorder (17" v/is 10").
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Physi cal Basis for ENG

The ENG recording is nmade possi bl e because the eyeball behaves
as an electrical'dipole’ In this sense, the eye w ght be
t hought of asa battery C is constantly maintained and renewed

by the netabolic processes associated Cit. The dipole Ch/:

of the eye results in a corneal retinal potential (CRP), or voltage
with a relative posi ive(+) value at the cornea and a negative(-)

value at the retina. Although the CRP is quite snmall it may be

detected at sone distance fromthe eye. A typical ENG recording
situation is shown bel ow Di sc-shaped el ectrodes are placed over-
each outer canthus as close to the eye as is possible w thout
interference with eye or eyelid notion. A 3rd electrode is

pl aced between the eyes on the |lower forehead. The lead fromthe

the el ectrode nearest the right eye is connected to the active or

"+ " input of a " differential " anplier.
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The lead fromthe Left side is attached to the reference

or " - " input of the anp., and the 3rd lead is attached to the

grounded term nal of the anp. The anplifier is called

differential" because it functions to detect the difference in

the voltage appearing at the active and reference inputs relative
to the grounded point. In amplifying only the differences, the
anplifier excludes noise which is conmon to the active and
reference el ectrodes, such as 60 Hz |ine-frequency interference.
Eye rotation towards the Right side of the skull results in the
devel opnment of a positive voltage at the active input of the
anplifier and rotation towards the left side of the skull results
in a negative voltage at the active input. Wen the anplifier is
attached to a stripchart recorder by rotation towards either

direction will result in a pen deflection having a nmagnitude and

direction proportional to the magnitude and direction of the eye

notion. In Fig.4 rotation to the right results in a pen-notion

in the opposite direction. |If recording of vertical notion of the

eye are desired the active and reference el ectrodes are placed

above and bel ow the eye and the sane recording principles obtain.

Calibration and neasurenment of Nystagnus:

In order to obtain an accurate input of the magnitude of eye

notion the electrodes are applied and the individual is
instructed to look at a spot or a |light source which has been

pl aced at sone distance to the right or left of the center point
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of his field of vision The distance should be sufficient to
cause eye rotation in the amount of 10° to the right of center

and 10 degree to the | eft of canter. The recorder is activated
and t he anmount of pen deflections in mm corresponding to the 10°
eye rotation is noted. The tracing in part Aof Fig.5 shows an *
exanpl e of a calibration tracing where the individual was
Instructed to look at a center line target and then one to the
right of center. Examnation of the tracing reveals that 10°

of eye rotation corresponds to 8 mmof pen deflection. This
means that 1 mmof.pen deflection is equivalent to 1.25°

of eye rotation.

Part B of Fig.5 shows howthe calibration informati on woul d be
used to neasure the SPV of a nystagnus beat. The nystagnus
illustrated in Part B has a sl ow conponent reflection in gradual
pen notion toward the top of the tracing and a fast phase toward
the bottom According to our convention the slow phase corres-

ponds to right rotation of the eye, and the fast phase

corresponds to left rotation of the eye. The paper speed has been
set to 10 misec. |If the distance between the start of one

nystagm beat and the next is neasured then the time course of
a beat may be conputed by dividing the distan e by |Omisec. In
the exarrple in Fig.5 the distance covered by the slow phase portion

of each beat is 14nm Therefore the duration of the slow phase

conponent is 1.4 sec. This is synbolized
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by in set in the graph. The height of the nystagnus
beat synpolized by Hin the figure is 10 mmcorresponding to a
total eye rotation of 12.5° |If total eye rotation(H is divided
by the time course(T) of the slow phase conponent, the resulting
nunber will be the rate or velocity of eye notion. Eg.- in Fig 5

t he conputati on woul d be:

Magni t ude of sl owphase = 12.5° (10 m') = 8. 9% sec.

Duration of slow phase 1.4 sec(14mm)
In the Part B- it is a left-beating nystagnus C an SPV of
8.9° [sec.

A Callbaaklon

TMm=10
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Anot her approach to the calibration and input of nystagnus is
to require that the individual |ook at points which are 1P

off center and then to adjust the recorder sensitivity until
the 10 of eye rotation results in exactly 10mm of pen
deflection. Then 1 mmof pen deflection will correspond to 1°
of eye notion, and the exam ner need only measure the hei ght

of the pen deflection(in nm to arrive at eye rotation directly.

The CRP may be too snmall in sone individuals to permt this,

however .
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CALI BRATI ON VARI ABI LI TY:
The CRF is highly variable overtinme. It varies with the dark
adaptation of the eye, in particular. Since dark adaptation w ||
be affected by roomillum nation, calibration procedures should
be acconplished with C is approximately equal to that which

w Il be used during the vari ous phaseset of 3NG exam nation. Mny

portions of the exam nation are acconplished with the individuals

eye s closed, and therefore subdued illum nation is the best

condition to use in the exam ning room

The CRP will vary over tine, even with constant illumnation in
the test facility. Since the magnitude of the CRP will influence
t he amount of pen deflection, the true calibration of the
recording will vary over tinme, as well. It is inperative to
recalibrate the recorder sensitivity for eye displacenent

several tinmes during the course of a conplete eval uation.

Failure to do so may invalidate recordings taken as few is

5 mn subsequent to a calibration procedure.

El ectrode application:

M sapplication of the electrodes is a commobn problem en-
countered in ENG eval uation, proper application requires the
skin at the electrode sites be cleared thoroughly C al cohol or
some ot her solvent. A small anpunt of electrode paste or jelly
is rubbed onto the recording sites. Additional amounts are
applied to the electrodes and the el ectrodes and the el ectrodes

are placed on the sites & fixed there C suitable adehesive tapes
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The el ectrode paste application and the cleansing of the skin
help to inprove the electrical conductivity of the skin. Severa

problems may result froma failure to apply the el ectrodes

properly. The nost serious of these is that unwanted el ectri cal
signals which should appear to be identical at the active and
reference el ectrode sites will actually appear to be different.

The unwanted signal will be anmplified by the differential anpli-

fier and obscure the desired CRP recording | oose el ectrodes

may produce small vol tage changes due to their notion at the

el ectrode recording site. The small voltages may result in an
conpression of erratic eye notion, even though eye notion may be
normal . Finally, failure to clean the recording site or apply

the el ectrode significant reduction in the arparant anplitude of

CRP C a subsequent failure to detect occular notion. Practically
difficulties encountered C el ectrodes may result from a conbi -
nation of three factors and reapplication of all electrodes is

t he nost prudent course of action if erratic, recordings are

encount er ed.
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THE ENG EXAM NATI ON

The conpl ete ENG Exam nation includesat |east the 11 steps
shown in the outline below. The steps nunbered 3 thr ugh 11
require between 60 and 90 mn., for conpletion. Each of the
steps and the specific tests associated with themw || be
described in the Sections which foll ow

ENG EXAM NATI ON SEQUENCE:

Pre-eval uation instruction.

H story(di zzi ness questionnaire)
Nondi agnosti ¢ dt oscopy

El ectrode application,

Cal i brati on.

Gaze nystagnus,

N o o A W N e

Opt oki neti ¢ nystagnus
8. Visual tracking

9. Spont aneous nyst agnus.
10. Posi tional nystagmms.

11. Caloric testing.

Pre-eval uation Instruction:

Several forns of nedication and al cohol, may affect the

vesti bular system In order to obtain valid ENG recordings, it
is inperative that the patient who is to be eval uated be
instructed to abstain from sedatives tranquilizers, anti-

hi stam nes and pain nedication for 12 hours prior to the

eval uation. Additionally, no alcbholic beverages should be
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consuned by the patient within 24 hours prior to the eval uation.
It is advisable that upon maki ng the appointnment for the
eval uation instructions regardi ng nedi ati ons be provided to the
patient in witten formto mnimze the possibility of m s-
understanding. Cccasionally a patient who wll not or cannot

abstain fromnedi cations will be encountered . Therefore, even
t hough instructions have been provided to them the examner should
ask all patients about their medications and should report the

results of that enquiry along with the examnation findings.

H story: The ENG evaluation, |like a hearing evaluation, is only
a portion of a conplete oto-nenologic examnation. The patient's
history with respect to vertigo, dizziness nedications and hearing
may all be of value to the physician who nust ultinately arrive at
a nmedi cal diagnosis. In nost instances the history may be

gathered by using a questionnaire which is sent to the patient
prior to his arrival at the clinic. Anong the iterns which m ght be
I ncl uded on such a questionnaire, the follow ng topics nmay be

nmost hel pful :

Tinnitus: Wether unilateral or bilateral, episodic or constant

| ong standi ng or of recent onset.

Vertigo: (True spinning sensation) Wether |ong standing or recent
epi sodi c or constant associated with trinnitus sudden notion,
hearing | oss etc.

D zziness: Wether |ong standing or recent, episodic or constant

noti on i nduced etc. -
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Hearing Loss: extent of |ess, duration of |oss, nedical or

surgical history related to the loss, unilateral or Bilatera

Ceneral Physical Condition: |Including cardiovascul ar neurol ogic,

and surgical history.

Medi cati ons and Drugs: Use of sedatives, stimulators tobacco,

al cohol, antihistam ns, pain relatives

Nondi agnostic Qtoscopy: Referrals for ENG evaluation w ||

usually originate with a physician who has determ ned that the
patient's ears are normal otoscopically. However, it is
prudent to exam ne the patient's ears at the tine of evaluation

to be certain that there are no conditions which would pre-elude

the successful or safe admnistration of caloric stinulation.

I f such a condition exists, the non-caloric portion of the

exam nation may be conpleted and the basis for refusal to obtain

caloric induced responses may be noted in the report.
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Abnormal ENG Findings & their Significance.

(A GENERAL CLI NI CAL SI GNI FI CANCE:

The ENG exam nation may help differentiate between Pathol ogy

i nvol ving the peripheral vestibular system and that involving

the central nervous system The division between periphera

and central " as the point at which the VIIIth nerve enters the

brai nstem Reger-1972). ENG i s thus anal ogous to audi ometry. The

basi ¢ significance of both tests is their ability to localize

pat hol ogy anatom cally. Audiometry, however, provides nore
refined localization because it can separate nerve from end-

organ | esions, whereas the ENG exam nation described herein

cannot. Several ENG findings indicate pathology but do not

di stingui sh between a peripheral and central |ocation. This

category of ENG abnornelities is referred to as "non-localizing".

(B) Ocul ar-dysmetria Test:

Ccul ar-dysnmetrea is an over-or undershoot of the ocular rotation
that occurs when visual fixation is transferred fromone place
to another (a "refixation movement” or "saccade"). Ocul ar
dysmetra is thought to Originate in the cerebel |l um Cogan, | 954)

Hi ggi ns and Daroff,|966; Orzechowski, 1927), but in practica

clinical application it should probably be considered indicative

of either cerebellar or brainstem pathology. Lesions involving
the cerebel | um(whet her vascul ar or neoplastic) So frequently

invol ve brainstemstructures as well, that, when |ocalizing
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central |esions, several authors(Coats, 1970, Daroff and Hoyt, 1971)

group the cerebell umand brai nstemtoget her.

Because of the fleeting nature and snmall anplitude of the dysnetric
ocul ar novenent, obtaining a graphic record of it has obvious

advant ages. Noorden and Prezi osi (1966), Ellenberger etal (1972), and
Haring and Si enens(1973) have published records of ocular dysnetrid-

Hari ng and Si mmens point out that ocul ar dysnetric may be recorded

in the course of the routine ENG calibration("Calibration overshoot")

Thus a valuable central sign may be detected during the ENG exam -
nation with virtually no investnment of additional exam nation tine.
Most normal subjects denonstrate an occasional overshoot during the
ENG calibration. Therefore, when inspecting the record for ocul ar

dysnmetria one nust have in mnd sone criterion for "limt of normal"
Haring and Simens(1973) require that 50%of the calibrations be

overshot before ocular dysnetria is diagnosed. However this
criterion is based on an intuitive finical inpression. A systematic
normative study would greatly enhance the clinical useful ness of the

Ccul ar-dysnetria test.

When inspecting the calibration record for Ocul ar-dysnetria, one
must also keep in mnd that eye-blink artifacts, which are often
synchroni zed with the refixation novenent, nmay produce a very good
initation of an overshoot. Since the vertical channel will register

the eye blink but not the overshoot, it helps to distinguish between



(29)
true and artifactual over-shoots.
|f a vertical channel is not available, the exam ner nust observe
the Patient's eyes during the calibration and record the occurrence
of the eye-blinks.

C- GAZE TEST:

Nyst agnus may not be present with the eye centered but it may appear

when they are deviated fromcenter. The gaze test exam nes for

such a ""gaze nystagnmus"? it also exam nes for paresis of ocular

devi ation, when present, gaze nystagnus al nost al ways denonstrates
the follow ng characteristics:

(1) It is divided into slow and fast phases with the fast phase

in the direction of eye deviation.

(2) its intensity(anplitude and possibly sl ow phase speed) increases
with increasing eye-deviation. Congenital nystagnus presents the

nmost not - abl e exception to these characteristics.

(a) Techni que: Conpared to the routine physical exam nation, the
gaze test done in the ENG | aboratory usually incorporates the

following refinenents: (i) the anpbunt of eye rotation is quantitat-

vely controlled; and (ii) the eye novenents are recorded. The

gaze test is done inmmediately after the calibration, while the
patient is still in front of the fixation points. The patient gazes
steadily at the 20° and 300 fixation points to right and |left and
above and bel ow center. Gaze is maintained for 30 sec in each of

the right eye positions.
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Gaze nystagns may be present but not recorded, either because
its anplitude is too lowor because it is rotatory. Al so, paretic

eye novenents may be easier to observe visually thaw to record.

Therefore during the gaze test, it is very inportant to observe

the patient's eyes visually as well as to record their novenents.

(b) D agnostic significance of Gaze abnormalities: Wth certain

exceptions gaze nystagmus and gaze paresis indicate the presence
of ONS pathology. Particularly if persistent for a nonth or nore
these findings further suggest brainsteminvol venent (Daroff and
Hoyt, 1971; Dow and Manni, | 964)

(a) End poi nt nystagnus:
(Aschan et al, 1957 a; Kestenbaum 1961; W&l sh and Hoyt 1969X

There has been no systenmatic quantitative study of end-point

nystagnus. According to Ascher et al (1957 a )" Gaze nystagnus

(at) 20° "30 or less ... . . shoul d probably be regarded as

pat hol ogi cal I n Bl oonber gs(1955) series of 100 nornal subjects
nyst agnus was never present at "about 45°" fromCentre. So Gaze
deviations are set at 20° and 30° from center.

dassification of Gaze Nystagnus Kastenbaun{1961)

| . Nor nal
" End Point " or "end-position" nystagnus: a nystagmus C

appears on extreme gaze.
(40 or nore, rarely at 30°)in a large %of nornals.



'l Abnor mal :
A - Vertical: present on up and/or down gaze

B- Hori zont al

1. Bilateral, equal: nystagmus of approximately equa

anplitude and frequency in both directions.

2. Bilateral unequal: nystagnus of clearly unequal anpli-
tudes in the two directions.

3. Unilateral; nystagmus present only in one direction of
gaze.

(b) Vertical Gaze Nystagnus:

Vertical gaze nystagmus indicates CNS pathol ogy, probably
involving the brainster. Upward vertical gaze nystagmus, is
much nmore comon than downward vertical gaze nystagmus. \hen
vertical gaze nystagmus appears without associated horizonta
gaze nystagnmus it suggests either a mdline or bilateral |esions

In the upper pons or mdbrain(Daroff and Hoyt 1971; Kesterbaum 61)

(c) Bilateral, equal horizontal gaze nystagnus:

As with other forns of gaze nystagnus, bilateral equal horizonta

gaze nystagnus indicates CNS pathol ogy, probably involving the
brainstem However, when this formof gaze nystagnus appears as

an isolated sign, one nust rule out drug effects, particularly

barbi turates(Bergman et al 1951) diphenyl hydanton(Dilantin)

(kitt et al 1964) and al cohol (Aschan, 1958)
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(d) Bilateral unequal horizontal gaze nystagnus:

Since drug effects rarely produce asymetrical abnormalities'
bil ateral, unequal gaze nystagnus argues agai nst A drug toxicity.

Hence this type of gaze nystagnus strongly suggests organic

CNS pat hol ogy.

(e) Unilateral horizontal gaze nystagnus: A unilateral hori-

zontal gaze nystagnus cannot be considered a central sign until

one has ruled out the possibility that it is a manifestation of
of an intense vestibul ar spontaneous nystagnus. Visual fixation

may suppress a spontaneous nystagnus so that it is not present
with the eyes centered. However, deviating the eyes towards the

fast phase may sufficiently enhance the nystagnus that it
" breaks through " the visual fixat on suppression and becones

Vi si bl e.

The nost straight forward way to determne if a unilatera

hori zontal gaze nystagnus is due to a vestibul ar spontaneous
nystagnus is to have the patient close his eyes. |If, on eye

cl osure, there appears a spontaneous nystagnus in the same
direction as the gaze nystagnus with sl ow phase speed greater
than 8 per sec, then the gaze nystagnuss is not a central sign
(coats 1970)

D. S nusoidal Tracking Test:

1. Technique: The sinusoidal tracking test is done by having
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the patient fixate on a spot which is noving in a sinusoidal
pattern (Benitez, 1970; Tung and Komhuber 1964; GChm 1940)
Tested with frequences of 0.3 and 0.6 Hz, and the pattern sub-
tends an angl e of + 20° fromcenter gaze. Tracking novenents
are obtained in both the vertical and horizontal directions.

2. Oinical Significance: A normal individual should be able to

track the pattern snoothly, although brief fixations on other

obj ects may occasionally interrupt the snooth sinusoidal pattern.

In the generally recognized abnormal sinusoidal tracking pattern
saucadi c eye jerks in the direction of spot novement repeatedly
"* break up " the snooth sinusoidal pattern.

Fi ndi ngs of Benitez(1970) and Jung and Kornliber(1964) that (1)

abnormal sinusoidal tracking occurs in central ocul onotor | esionS,

usually involving the brainstem (2) it is usually associated with

gaze nystagmus and bil ateral optokinetic dimnution and (3)

barbi turate sedation nay cause it.

E. Spontaneous N-stagnus:

1. Definition and Test procedure: Spontaneous nystagnus is a

nystagnmus that is present in the absence of any known nystagno-
graphic stinulus. Assunption of a neoneutral position(positional
nystagnus) and deviating the eyes from center(gaze nystagnus) nay
be consi dered nystagnogenic stinmuli. Spontaneous nystagmus is

defined as a nystagnus present in the Read upright position(the
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best approximation of the "neutral" head position in the

human) and with eyes centered. Recording of vertical and

hori zontal eye novenents is done with the eyes centered for 30 sec

sec. to 1 min first open and then closed. Since the patient's

head is upright during the gaze test, this eye-centered record-

ing fulfills both criteria of spontaneous nystagmus.

2. (Cinical Significance: It is useful to classify pathol ogica

spont aneous nystagnmus according to its probable
systemof origin, i.e., vestibular, ocular or central. This

classification is analogous to cogan's (1956) "otologic "

"ocul ar” and "neurologic" divisions Ohers have proposed

simlar classifications (Toghia and Moreno 1971).

(a) Normal Spontaneous nystagnus with eyes cl osed

(1) Vertical: Behind closed eye lids a vertical jerk type

nyst agnus, usually up-beating is present in about 80% of
normal subjects (Furr and Eri ksson, 1961) and may be rat her
intense i.e., slow phase speed greater than 10° per sec.

(2)Horizontal: Although it is generally agreed that
vertical spontaneous nystagnus behi nd cl osed eyelids occur
in normal persons, simlar agreenent about the presence of
normal horizontal spontaneous nystagnmus has not been reacted.
Al t hough there were dissenters, nmost early investigators of

clinical ENG reported( or inplicity assuned) that horizonta
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nyst agnus present w thout visual fixation has the sane clinical
significance as spontaneous nystagnus present with visual
fixation i.e., it is always abnornal (see, for exanple, Aschan
et al 1956-a) however considerable the evidence has accunul at ed
recently which supports the existance of a lowintensity hori -
zontal spontaneous(or positional) nystagmus in 15-30° of
otol ogically normal subjects(Barber and Wi ght 1973, Bos et al
1963, Coats 1969; collins et al 1973; Flur & Eriksson 1961,

Lansberg, 1962; Spector 1971; Visser, 1962 ) The sl ow conponent

speed of this nystagnmus is usually less than 7° per sec(Coats-69)

Cl assification of Spontaneous Nystagnus:

| . Normal :

Vertical, behind closed eyelids Horizontal,
behi nd cl osed eyelids 7-8° / sec. Voluntary.

I 1. Vestibul ar (otol ogic)
Fast and sl ow phases

Hori zont al
Conj ugate, Suppressed by visual fixation.

I11. GCcul ar (Opt hal nol ogi ¢)

Congeni t al

Cccupat i ona
| V. Central (neurol ogic)

Di agnosi s nmade by excl udi ng ot her types.



(36)

(b) Normal Spontaneous nystagnus with eyes open:

"Vol untary nystagnus is the only known nornmal "spontaneous "
nystagnmus present with eyes open and fixed. It is pendul ar

(no divisions into fast and sl ow phases) conjugate, extrenmely
rapid (3-15 oscillations per sec) small-anplitude nystagmus
which is initiated and maintai ned by voluntary effort(Blai-et al
1967: Lipman 1972, XawscKKc Rosenbl um and Shafer 1966) several

reports indicate that voluntary nystagnmus is rare(Rosenblum and

Shafer 1966? Wal sh and Hoyt 1969). Voluntary nystagmus is

relatively common (Blair et al 1967).

The main clinical inportance of voluntary nystagnusis that it
coul d be m staken for convergence nystagnmus which is a patho-

| ogi cal nystagnmus of dorsal mdbrain origin. However convergence

nystagnos is a coarse, jerk type, disconjug atotynystagmus.

(c) Vestibul ar(otol ogic)Spontane us nystagnus:

To be considered vestibular, a Spontaneous nystagmus nust

have the follow ng characteristics:

(Jung and Kar nhuber, 1964):

1. divided into fast and slow phases(jerk type");

2. horizontal or primarily horizontal (rotary conmponent);

3. Conjugate(both eyes nmove together)

(This criterion of course does not apply if there is a peri-
pheral ocul ar paresis or paralysis)

4. Suppressed by visual fixation.
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Vesti bul ar spont aneous nystagnus, particularly if it is intense,
I s usual |y caused by a peripheral vestibular |esion(Coats 1970)
However, occasionally it may be caused by a central |esion which
Is localized to the vicinity of the vestibul ar nucl ear conpl ex
on one side(Jung and Konmhuber 1964, Scal a and Spiegel 1938).
Because vesti bul ar spont aneous nystagmus can be done to either

peri pheral vestibular or CNS pathology it is a nonlocalizing

abnormal i ty;

(d) Ccul ar(opt hal nol ogi ¢c) Spont aneous nystagnus: A synonynous

termfor this type of spontaneous nystagnus is "fixation nysta-
gnmus " (Jung and Komhuber 1964) ongenital nystagnus is by for
t he commonest type of ocul ar spontaneous nystagnmus. Congenit al

nystagnus is present frombirth or early infancy. It may have a
pendul ar or "spikelike" wave forn{Aschan and Bergstedt 1955,
Jung and Konmhuber 1964) The wave formis extrenely variable from
patient to patient and often changes when fixation distance or
direction of gaze is changed. Eye closure usually either
abol i shes or changes the direction of congenital nystagnus. It

rarely enhances congenital nystagnmus as it does vesti bul ar

nyst agnus.
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A visual abnormality may or may not acconpany congenit al
nystagnus. Many ner o-opt hal nol ogi sts separate congenital
nystagmus into different clinical types, depending on the

presence or absence of a visual abnormality eg.—Cogan' s(1967)

Sensory defect" and '"notor defect'" types.

Congeni tal nystagnus nmay be m staken for central sponta-
neous particularly in the patient, with normal vision who does
not di scover his nystagnus until relatively late in life.

(Cogan 1967) characteristics are:

(1) There is no oscillopsiain spite of what is often a very
| arge anplitude nystagnus.
(2) Congenital nystagnus is al nost al ways nor nal .

(3) On vertical gaze a vertical conponent rarely devel ops and a

hori zontal pendul ar conponent may frequently appear.

4. Convergence usually suppresses congenital nystagnus. In the

presence of congenital nystagnus, both optokinetic and vesti bul ar
nystagmus, hath are notoriously difficult to elicit and even
when elicited, they may be so grossly distorted as to preclude
guantitation. The distortion of caloric responses nmakes

guantitative vestibular-function assessnent inpossible in many

congeni tal nystagnus patients.
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(e) Central (nerol ogic)Spontaneous nystagnus: A Spontaneous

nystagnus is of central origin by a process of exclusion. If the
t he spontaneous nystagnus fails to neet one or nore of the
criteria of a vestibular type and an ocul ar nystagnus has been
rul ed out as outlined above , then the nystagnus nust be

central . A central spontaneous nystagnus usually indicates a
brai nstem or cerebellar |esion(Jung and Koruhuber, 1964)

(F) Optokinetic Test:

Opt oki netic text nystagmus(OKN) occurs when one | ooks at a

movi ng repetitive pattern(black stripes on a white background
are usually used clinically) which fills nost or all of the
visual field. OKN has slow(follow ng) phases in the direction
of pattern novenent and fast(rafixation) phases opposite to the
direction of pattern novenent. Optokinetic nystagnmus is
probably involuntary if fixation on the noving pattern is

mai nt ai ned (Cogan 1956, Smith 1963) The |arger the stinulus
pattern, the less the variability in OKN due to voluntary

vi sual fixation changes.

An abnormal OKN test may be nmanifested as an asymmetry
(difference in oppositely directed OKN in spite of equal
stimulus speeds) or as a bilateral dinension. The OKN test

is one of the nore sensitive tests for central ocul onptor

pat hol ogy(Coats 1970; Jung and Komhuber 1964).
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1. Instrumentation and Test Technique: The OKN Test is

usual Iy done with a hand-operated drum In order to fill the

patient's visual field, some use a large internally lighted

cylinder which is lowered over the patient's head.

Basically the clinical OKN test consists of eliciting nystagmus

in opposite directions at the same stinmulus speed. In the
normal routine neurological exam nation OKN is elicited only by

two brief oppositely directed horizontal stimuli.

(a) Vertical OKN: Although early OKN studies involved only the

hori zontal response, the inportance of vertical OKN testing has

been enphasized recently (Coats 1970; Jung and Koruhuber 1964;
Roshorg et al 1972; Smth 1962). One reas n for this enphasis
is that if vertical OKN is excluded a significant number of

abnormalities be m ssed.
An isolated or predom nant vertical OKN abnormality has
| ocalizing value, since it is usually due to a high mdbrain

| esi on(Jung and Koruhuber 1964, Roseborg 1972,Smith 1962)

(b) Eliciting OKN at nmore than one stinulus speed: OKN

asymetries are usually enhanced when stinulus speed is

increased (Jung and Koruhubar 1964); Suguti & Komatsugki 1962)
Therefore eliciting OKN at more than one stinulus speed often

clarifies the presence of an asymmetry.
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2. Recogni zing OKN Abnornalities:

(a) Bilateral dinmension: Although OKNis involuntary if
fixation is maintained, in practice it is under considerable
voluntary control because of the patients' ability to influence
it by varying fixation.(Jung and Koruhuber 1964; Smth 1963)
Hence | ack of cooperation nmust always be suspected when bil ateral

OKN dimnition or absence is present.

(b) Asymmetry: There are two recogni zabl e patterns of OKN

asymmetry: (1) poorly formed, and (2) slow phase speed. Both

patterns involve the Sl ow phase. Usually an OKN asymmetry
presents as a conbination of the two patterns and a sl ow phase -

speed asymretry can often be converted into a poorly forned

asymmetry by increasing stinulus speed.

(c) Inportance of conservatismin OKN abnormalities: It is very
i nportant that OKN abnormalities be clearly present before
bei ng considered significant(coats 1970 Smth 1963) WRxr BgSBX

JE&XXSISMKRERSX | f there is any d ubt about an abnormality we

repeat the stinmulus to confirmits presence.

3. BBR3E33HHXBgXEgKXKHX Clinical significance of OKN Abnormality

(a) Detection of Central Pathology: |If the patient has been

cooperative, OKN asymmetry and bilateral dimnition usually indi-
cate the presence of CNS pathol ogy. Peripheral ocul ar pathol ogy
eg.-Strabi snms severe extraocul ar muscl e paresis and |ong standing

unil ateral blindness, nust also be ruled out as a course of OKN
asymmetry(Coats 1970)
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(b) Localization of central pathol ogy:

(1) Association with gaze abnornalities(paresis or nystagmus)

OKN abnormalities due to cerebral and brainstem | esiops can be

di stingui shed on the basis of associated gaze-test findings. An
OKN abnormality is due to brainstemoreerebellar pathology is

al ways acconpani ed by either a gaze nystagnus or a gaze paresis,
In contrast an OKN abnormality with a normal gaze test is usually
due to a cerebral hem sphere |esion(Coats, 1970; Cogan & Loebl 949;
Davi doff et al., 1966; Jung and Komhuber, 1964).

2. Vertical OKN asymmetry: Suggests pathol ogy involving the

brai nstem An isolated vertical OKN asymretry further suggests

bilateral or mdline Iesions in the mdbrain or upper pans (Jung &
Komhuber 1964; Rosborg et al 1972, Smth, 1962).
Precautions: (1) A sight vertical OKN asynmetry(down-beating

response usual ly predom nant) nay be present in sone nornma

subjects. Therefore, if a vertical OKN asymetry is present as

an isolated finding, it must be very large before it can be
consi dered significant.

2. Vertical electrodes record eyelid novenents with extrene

sensitivity: The possibility then are apparent abnormally
formed vertical OKN is due to superinposed eye blinks or other
eyelid novenments must be ruled out.

3. Bilaterally absent or deficient OKN. Provided that failure to
fixate on the stimulus has been ruled out, bilaterally absent or
deficient OKN(either horizontal or vertical or both) has
essentially the same localizing significance as vertical OKN
asymmetry; i.e., it suggests a high bilateral or mdline brain-

stem | esi on.
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4. Lateralizing Significance of horizontal OKN asymetry in

Brai nstem | esi ons:

In animal experinents, lateral |esions of the pons and m dbrain
bel ow the | evel of the ocul onotor nucl eus cause a predom nance

of the OKN beating away fromthe side of the |esion(Teng et al

1958). A simlar OKN asymmetry has been reported in humans with
wel | -1 ocal i zed upper brainstemlesions(los et al, 1972); the
laterializing value of OKN asyrmmetry in brainstemlesions in

poor in the routine clinical situation, probably because the
lesion usually in large relative to the size of the structures

responsi ble for the KN asymmetry.

5. Lateralizing significance of horizontal COKN asymetry in

cerebral -hem sphere | esions:

In contrast to brainstemcerebellar |esions, the lateria-
lizing significance of OKN asymmetry in cerebral -hem sphere

| esions is quite good.

G Paroxysmal Nystagnus Test:

1. Nonmenclature: |In 1952, Di x and Hal |l pi ke described a

maneover for eliciting what they terned posi tional hystagnus

of the benign paroxysmal type In normal subjects, the Dix-
Hal | pi ke manoever elicits no nystagnus or possibly only a brief
weak nystagntus behind cl osed eyelids. However, in patients

with certain types of vestibular system di sorders the maneuver

elicits a usually rather intense, transient nystagm c response.
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Barany first observed that sone patients exhibited
di zzi ness and nystagnus only, when they assuned a
particular "critical position”™ (Barany 1921; Jongkees, 1961).
Later Nylen devoted many years to systematic clinical study
of this phenonenon which is now terned " positional nystagnus
Nyl en (1953) enphasized that positional nystagnus caused only
by a particul ar head position. Several other witers advocated
noving the patient rapidly into the various test positions under
the assunption that the rapid novenent wi ght " provoke" a
positional nystagmus which woul d ot herwi se be m ssed (Lindsay-
1951); (WIlians,1947) The Di x-Hall pi ke test evolved fromthis
" school of position testing”

2. Test Procedure: The patient is first seated on the

exam ning table with head straight ahead. He is then rapidly

br ought backward into the head hanging and turned position. He A
is left in this position for 30 secs or if a nystagm c response
appears for as long as the response persists. |If the response
persists for nore than 1-1/2 mn, the test position is term -
nated and the response considered '" persistant”. After this

maneuver the patient is brought back to the sitting, eyes-front

position, and left there for about 30 sec, and then the maneouver

is repeated with the nect twisted in the opposite direction.

| f either maneuver produces a nystagm c response, the maneuver

is repeated to sec, if the response is fatigable. |If the
response does not decreased significantly by the third elici-

tation it is declared "non-fatigable ".
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In the test, the eyes are closed and the nystagm c response
is recorded rather than usually observed. Although paroxysma
nystagnus is usually primarily rotatory, it alnost always has
sufficient vertical or horizontal conponents or both, to be
recordabl e(Preber and Silfurskiold 1957? Stable and Terins 1965)

However, since the vertical conponent is often predom nant
(Cawt home 1954, Preber and Sel veskiold 1957), paroxysma

nystagnus frequently will be mssed if vertical eye novenents
are not recorded.

3. Diagnostic Significance:

(a) Cassical paroxysmal nystagmus. Follow ng are the salient
features of the benign proxysmal type as it was originally
described by Dix and Hal |l pi ke (1952)

1. Latent period: The nystagm c response does not begin for

0.5-3.0 sec after the patient arrives at the test position.
2. Transient "paroxysmal " response: The nystagnus"increases
in arapid crescendo in a period which my be as short as 2-3

secs or as long as 10 seconds. Thereafter it rapidly declines *

Di x and Hal | pi ke(1952) did not fix the total duration of the

response but other authors(Ascnamet al., 1956a? Lindsay 1951)

menti on durations of 20-60 seconds

3. Dizziness: (usually severe) The paroxysmal nystagnus
response i s acconpani ed by di zziness which is often so severe
that "the patient may close their eyes, cry out in alaram and

make active efforts to sit up again.”
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4. Fatigability: Wen the maneuver is repeated, the response
ei ther does not reappear or reappears with significantly
reduced intensity.

The follow ng additional characteristics of classical paraf-

oxysmal nystagnus are often hel pful in classifying doubtful
responses.

1. The response is usually unilateral

2. The nystagnus usually is directed towards the downward ear,

which is also the pathol ogical ear and

3. the calorie and audionetric tests are usually normal .
(b) Pat hophysi ol ogi cal types of " classical paroxysmal nystagmus

Patients with cl assical paroxymal nystagnus tend to cluster

into the followng clinical types.

1. Elderely patients (Lindsay 1967): A large %of patients

with classical, positive Dix-Hallpike tests are older than 55 yrs
Al t hough not life-threatening, paroxysmal nystagnus tends to

persists in the elderly.

2. Posttraumatic dizziness: Mny authors(Barber 196& , Cawt horne

1954; COpe and Ryan 1959, Di x and Hal | pi ke 1952; Gordon 1954;
Harrison 1956; Preber and Silfveskiold 1957; Schuknecht 1969)
have noted that paroxysmal nystagnus occurs in a large % 15%
of posttraumatic 'dizziness' follow ng head trauma, and is
often the only objective abnormal finding. The prognostid
i nplication of paroxysmal nystagmus after head traumB:. is
rel atively good, since nost of the patients can expect to be

synptom free woot hen 2-6 nont hs.
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3. Mddl e-ear Pathology: A significant proportion of patients

with chronic mddle-ear infection who conplain of episodic

di zzi ness have cl assi cal paroxysmal nystagnus(Barber, 1964; Di x

Hal | pi ke 1952 ; Schuknecht 1969). As Jongkees(1961) has pointed
out, when such a patient is encountered the possibility of a

| abyi nthine fistula nust be rul ed out.

4. M ddle-ear surgery: assical paroxysmal nystagnus is

occasionally encountered after stapes surgery. Barber 1964
S huknecht, 1969; Spector, 1961 Terin's 1963) It is probably

related to nechani cal mani pulation of structures in the vestibule
Par oxysmal nystagmus is uncomon foll ow ng other types of

tenporal bone surgery such as nastoi dectony |abyrintheatony and

t ynpanopl asy( Schuknut 1969)

5. Rare types: An idiopathic" paroxysmal positional vertigo

of childhood " has been described (Chutorain 1972) Also, Falinud
et al (1970) reported a case of classical paroxysmal nystagnus in
perni ci ous anem a.

c) Localizing value of paroxysmal nystagnus:

(1) dassical paroxysmal nystagnus: The pat hophysi ol ogi cal
mechani sm of cl assical paroxysmal nystagnmus does not yet been

est abl i shed(Stachl e and Ternis 1965). Al though sonme ani nal
experinments suggest that cerebellar |esions may produce a

sydi ane resenbling paroxysmal nystagnus(Femandex and Lindsay- 60)

the available clinical evidence argues overwhelmngly for a
peri pheral origin.
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(2) Non-cl assi cal paroxysnmal nystagnus: Cawt hr one(l 954) and

Hari son(1968) suggested that non-cl assical paroxysmnal

nyst agnus i ndi cates CNS pat hol ogy.

H Position Test:

1. Nonenclature: the position test explores a series of

standard head positions to determne if the patient has

posi ti onal nystagmnus

To permt reasonably concise communication of position-test
results a positional -nystagnus termnol ogy has devel oped eg

(Henriksson et al; 1972.

(a) Spont aneous versus Positional nystagnus.

(1) Spontaneous nystagmus: Any nystgnmus present in the head-

upright position with eyes centered

(2) Positional nystagnus: Anystagnmus that is not present with

head upright out is present in one or nore other positions.

3) Spontaneous and positional nystagnus:

A nystagrmus present in the head-upright position but nodified
either in intensity or direction by assunption of one or nore
posi tions.

(b)A assification of positional nystagnus:

Most authorities(Barber 1964; Fernandez and Li ndsay 1960;
Jengkees 1961; Lindsay 1967) use the Aschan et al (1957a)

nodi fication of Nylen's classification as outlined in Table IV.
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Table-1V Cassification of Positional Nystagnus:

1) Persistent- continues for at least 1 mn after assum ng
the test position.
A. Type Indirection changing): beats in one direction in one

(or nmore) positions and in the opposite direction
in other positions(s)

3. Type.ll(direction fixed)- beats in the same direction
whenever present.

1. Transitory- goes away wthin 1 mn after the test position
is assunmed. Called "Type Il " positional

nystagnus also called "positioning" nystagnus.

2) Position Test Technique: W obtain eyes-closed records

of at least 30 sec wth the patient in each of the follow ng
posi tions:

1) Sitting; 2) supine 3) Ri.lateral; 4) Head Rt. 5)Lt.latera
6) Head Lt. 7) Head hangi ng.

The patient is noved into each position as slowy as is
practicable Since spontaneous and positional nystagnus are
subject to central suppression it nmay be desirable to have the

patient perform a concentration task while in each test position
However, this may reduce record quality by introducing voluntary

eye nmovenents nuscle potentials and eye blinks. Therefore, one
must use judgenent in applying the concentration task to the

positive test.



3. Diagnostic Significance of Position Test Results:

(a) "ldiopathic" positional nystagnus is often seen when the

patient is in positions other than sitting and hence? in such
I nstances nmust be called "positional " rather than

" Spont aneous"
(b) Drugs causing positional nystagnus: Alcohol sedatives and

salicylates may cause direction-changing positional nystagmnus
(Nyl en 1950) The positional nystagmus produced by al cohol is

the only drug-induced nystagnus that has been studied extensively
with ENG (Aschan et al 1956b Hill et al; 1973)

(c) Pathol ogic positional nystagmus(Slow phase speed greater
than 7° per sec).

Al t hough sone authors report a statistical tendency for

di rection-changi ng positional nystagnus to occur in central

| esions, and direction fixed positional nystagmus to occur in
peripheral |esions(Henriksson et al 1972; Nylen 1950) it is

generally agreed that this tendency is not sufficiently strong

to be useful clinically(Aschan et al,1956a; Tongkees 1961;
Teykees and Phily'szoon 1964; Schiller & Hedbey 1960). Therefore

positional nystagmus with slow phase speed over 7 /sec whether

type I & Il is a nonlocalizing abnormality

. Bithermal Calorie Test: Brown-Sequard first described the

human caloric response in the latter part of the 19th Centuary

However, it was not wuntil Barany's early 20th Century work of
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the caloric test found wi despread clinical application(Jongkees

1949) In the 1920-1940 period variations of Barany's origina
technique proliferated(Arslan 1955, Jongkees 1949) but the
caloric test achieved acceptance anong clinical practitioners

only as a rather unreliable qualitative procedure.

Barany Caloric test was subiect to three fundamental weakness:

1. Adifference between the cold caloric responses could be due

to a difference between Left and Right beating nystagmus(which

could be the result of either a brain lesion or a peripheral

vestibul ar deficit) or to a difference in the responsiveness of
the peripheral |abyrinths. The inability of the cold-water
caloric test to distinguish between these two possibilities
limted its localizing val ue.

2. Caloric nystagmus could be observed only while suppressed by
visual fixation. As a consequence confortable degrees of caloric

stinmulation were required to break through this suppression and
even then only a few conparatively difficult to observe nystagmus

was available for analysis.

3. The measurement parameters available with naked-eye
observation(latency, duration and a subjective assessment of

nystagmus vigor") were not optional. The ENG recorded

bithermal caloric test overcomes all of the these weaknesses. The
use of warm as well as cold caloric stinuli allows nystagmus-
directiondifferences to be distinguished from vestibular-respon-

siveness differences(Fitzgnald and Hallpi ke 1942; Kobrack 1943

thornval 1932) The use of ENG to record the nystagmus allows
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removal of visual fixation, thus providing a nuch |arger
and nore accurate assessnent of nystagnmus intensity than any
par anet er neasurable by direct visual observation.

1. Test Techni que: The bithermal calorie test consists

essentially of obtaining cold and warm cal oric responses from
each ear, with the tenparatures equally above and bel ow body
tenparature (Fitzurald and Hal | pi ke, 1942)

The technique as originally described(Fitzurald and Hall pi kel 942)
used tenparatures of 30°C and 44°C and was intended for use with
eyes open and fixed. Wth eyes open and fixed 40-secs irrigation
at tenparatures of 30° C and 44°C were thought to be "™ m ninal
stimuli."” However when later investigations of the test were
done with eyes closed it quickly becane apparent th t the
stimulus was in fact rather tense. Aschan(1955) recognized the
necessity of reducing stinulus intensity and chose to reduce
duration rather than the difference between body and irrigation

t enpar at ur es.

In order to mnimze central suppression of the caloric res-
ponses(Barber and Wight 1961; Coats 1966), the patient is
instructed to performaloud a "concentration task", eg -

substracting serial swens, during each response. The difficulty

of the task is adjusted to match the patients' ability.
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2. Quantifying the Caloric Test:

(a) Which is the "best" nmeasurenent of caloric-response
magni t ude?

General ly agreed that maxi mum speed of sl ow conmponent(SSC) is a
better neasure of caloric-response magni tude than duration

because;

Al ternative Measurenents of Cal ori c- Response Magnit ude:

| . Responseduration-tinme elapsed fromfirst beat to | ast beat

1. Total response nmagnitude:

A. Total nunber of beats during response.

B Total anplitude(Sum of the anplitudes of all beats
occuring during the response)

[11. Maxi mumresponse magni t ude:

A.  Maxi mum anplitude.

B. Maxi mum frequency

C. Maxi mum sl ow conponent speed.
1. Maxi mum SSC correl ates better with stinmulus intensity
(Aschan, 1955; Henri ksson, 1956), probably because the tenparature
change tinme course, rather than the end-organ response, is the
primary determ nant of caloric response duration(Cawthrone and
Cobb 1954; L. Shiyama and Keel s, 1970)
2. In patients with unilateral SN hearing | oss, nmaxi num SSC

denonstrat es vesti bul ar pathol ogy much nore often than does
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cal ori c-response duration. (Fodor, 1968, Henriksson, | 956;) -

(Jongkees and Philipszoon 1964; Koch et al.,1959; Stalile &
Bergnman, 1967) convenience is the main argunent for the various
alternatives to maxi num SSC. However, this " argunents "force
is reduced by the availability of "short cut” hand neasure-
ments differentiator or "velocity" channel s(Henri ksson 1956)
and a recently devel oped instrunment which automatically cal cu-

|ates and digitally displays maxi mum cal ori e SSC(Coat s&Bl ack-73)

(b) Determ ning Maxi num cal ori c-response SSC. The nost direct

way of determining SSC is to neasure its anplitude and duration
and divide duration into anplitude. In ternms of records
appearance this determ nes sl ow phased steepness or slope. The
ef fect of random sl ow phase speed fluctuations is mnimzed by
averagi ng SSC, across several beats. The approximate neasure-
ments nmay occasionally yield fal se-negative res |ts(Henriksson-
1956). Therefore a borderline-significant difference in Calorie
responses obtained by an appropriate neasurenment may prove
significant if the responses are neasured the "exact" way

(c) Measuring Calorie unilateral weakness and directiona

Pr e- ponder ance: Cal ori c-nystagnus SSC s cannnot be used

directly to evaluate the vestibul ar system because absolute

val ues in normals very wi del y(Aschan et al 1956 a; Tongkeas,| 948
Tung and Komhuber 1964, Stahle, 1958. Therefore conparative

nmeasurenents are used (Tongkees 1948). Two conparisons are nade:
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(1) a conparison of the responses fromthe right versus

the left ear(unilateral weakness or canal paresis) &
(2) a conparison of right-versus |left beating nystagnus
(directional preponderance)
Absol ute differences between ears and between right and |eft

beating responses become nore variable as the responses became

more intense(Fongkees and Philipszoon, 1964). Therefore, we
express unilateral weakness and directional preponderance in
relative terms i.e., as a percentage of the total of all four
response intensities. Thus, calorie unilateral weakness (WY
and a directional preponderance(DP) are calculated by egns(l)&

(2) resp.(Larts 1965; Tongkees and Philipszoon, 1964):

(1) UW = Response fromRt.ear - Response from Lt.ear x 100
Total of all four responses.
= (RC+RW - (LC+ LW) x 100
RC + LC + RW+ LW
(2) DP = Rt.beating response- Lt.beating response y
Total of all f ur responses
= (IC+RN - (RC+ LM x 100
RC + LC + RW+ LW
Wher e:
RC = Maxi mum SSC of right- cold response
LC = Maxi mum SSC of left - cold response

RW = Maxi mum SSC of right- warm response
LW = Maxi mum SSC of |eft - warm Response.



(55)

3). Normal limts of Calorie-Test Results:

(a) Unilateral weakness(UN) and directional preponderance(DP)
Tabl e summari zes the results of six-independent, nornal bithernal

calorie test series. |In each series UWS DP were cal cul at ed
according to equations D&L

STANDARD DEVI ATI ONS OF NORVAL CALCRIC UW & DP
(Measured By Maxi num Sl ow Conponent Speeds)

Ref er ence & Met hods. Uni | at er al O recti onal
- Weakness. Pre-ponder ance.

Aschan et al (1956 a) 30-sec

irrigations at 30°c & 44°C 8.6% 8.8 %
eyes closed 25 subjects,

25-50 years ol d.

Henri ksson(1956), 40-sec

irrigations at 30°C and 9. 5% 85 %
43.6°C, in dark, 25 subjects,

19-45 years ol d.

Tongkees et al (1962) 30- sec,

irrigations at 30°C and 44°C
eyes cl osed. 47 subjects. 7.5% 8.7 %

Preber (1958)40sec irri -
gates at 30°c and 44°C eyes

closed 50 S's 5.3% 58 %
Coat s(1965) .40 sec irrigations
at 30°C and 44°C eye cl osed 30S' s 9.5 % 13.2 %

3rookl er and Pul ec(l 970) - 30sec

irrigations at 30oc and 440 C

eyes closed .839 "patients

W t hout nuro-otol ogi c di sease 11.5 % 13.5 %
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UW St andard deviations vary from5.3 %to 11.5%

In all but one of the nornal ieries(Henriksson 1956) DP

was nore variable than UW Further conplicating the determ -
nation of HP"s nornmal limt is the possible existence of a
" Physi ol ogic" DP in some nornmals.

(Coats, 1966, 1969; Hall pi ke et al ., 1951)
Tongkees et al, 1962)

(b) Bilateral Wakness(SW: Although absol ute nmaxi num SSC s

vary widely in nornals, it is general clinical inpression that a

very weak( or absent) caloric response fromboth |abyreaths is

abnormal . Sone difficulties arises, however, when one attenpts
to define "very weak" because normative data on absol ute
val ues of maximumcal orie SSC are Scanty. Preber(1958) found a

mean normal maxi mum SSC of about 22°% per second and a standard

devi ation(S) of about 6° per sec. Subtracting 25 fromthe nean

SSCwould give a lower Iimt of 10° per sec.

Herri ksson(1956) found conparabl e val ues of 29° per sec and 11°

per sec giving a lower limt of 7° per sec.

(Q Failure of fixation suppression(FPS):

I n normal individuals, visual fixation either suppresses or
abol i shes cal oric nystagnmus. Several reports suggest that
failure to suppress calorie nystagnus with visual fixation is a

pat hol ogi cal sign indicating CV5 prthol ogy(Hart, 1967; Haceario et

al,1972; Naito et al; 1963, Preber & S| fverskiold 1960)

Quantifying the amount of fixation suppression nmay provide a
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more sensitive test(Demanez and Ledonx 1970). It is suggested

(1) slow phase speed is the best nystagmasparaneter to
quantify FFS and (2) Suppression of SSC by 20%or less is

abnor mal (Al pext and Corts)

4. Diagnostic Significance of Caloric Test Results:

(a) Unilateral weakness: Acaloric UNcan only be caused by
a lesion of the vestibular end organ or the primary vestibul ar

nerve fibres. It is therefore a peripheral finding.
(Aschan, 1955, Aschanet al 1957 b; Tongkees, 1948; Tung &
Komhuber, 1964; Stalile,|958)

The division between " Central % and peripheral is to some
extent arbitrary, since a vestibular-nucleus lesion could
involve primary vestibular nerve fibres and therefore produce

a UNW  Such a lesion always produces central findings alongwth

the UW Coats,|970)

(b) Directional Preponderance:

A Caloric DP can be due to either peripheral or centra

pat hol ogy (Brookl er, 1970; Cawthorne et al 1942; Fitzgerald &
Hal | pi ke 1942; Koel et al 1959).

It is therefore a non-localizing abnormality.

(c)Bilateral Weakness: Caloric BWmay be due to either

bil ateral peripheral vestibular pmthol ogy eg.-as strepto-

mycin toxicity m ght produced or Central pathology which

interferes with the vestibul o-ocular reflex are . Mst BW

are due to bilateral peripheral prthology. The patient
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al nost al ways has associated central ocul onbtor signs. In
particular the OKN test is usually abnornmal.

(d) Failure of fixation suppression:

FFS is a central sign however two benign causes of FFS
have been denonstrated and nust be ruled out. (1) Sedation
particul arly by Barbiturates(Coats 1970? Rashbass and Russell -
1961) and (2) Contact |enses particularly if they are new or

unconfortable . In additionwith all other central ENG
abnormal i ties peripheral ocular prthol ogy nmust be ruled out in

t he patient denonstrating FFS.
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Chapter VI1I
ENG FINDINGS IN VAR OQUS PATHOLOG ES.

Central Nervous System Lesions:

Coats AC(1970) reported Central Spontaneous nystagmus gaze
nystagnmus, failure of fixation- Suppression of Caloric

nyst agmus opt oki netic asymmetry and di sconj ugate ocul onot or
abnormalities in case of CNS | esions.

Kimm J and Macl ean JB(1975) inferred as
considering the intricate neuroanatonical pathologies wthin
the ocul ar notor systemin addition to the el aborate vesti -
bul o- ocul ar connections, it is reasonable that disconjugate
eye novenents may result with certain CNS | esions. Techni que
in which they enpl oy independent eye novenent neasurenent in

order to assess the novenent of each eye separately during

ENG reveal that disconjugate eye novenment occurred even with

extra axial |esions which spread the nedi al | ongitudinal

fasciculus- a pattern seen in cases C CWS | esi ons.

Padoven | et al (1975) listed 60 signs of CNS inpairnent from
there 26 nystagmc irregularities have a small diagnostic

val ue. No sign occurring alone could be taken as pat hogno-
nmoni ¢, only a group of signs can be used for the inpairnent

| ocal i zati on.

Besi des for the peripheral vestibular and the peripheral vesti
bul ocochl ear inpairnment, The authors succeeded to nake a
group contai ni ng pat hognononic signs for m xed vesti bul ar

i mpai rmentsaswel | asfor nultiplgsclerosisaffectingvestivul ar

structures. signs which indicate central inpairnent are:

1. Spontaneous nystagnus in the direction of the weaker |aby-
rinth and not in the direction of the healthy are

2. Spont aneous nystagmus whi ch does not becone weaker on
fixation.
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Spont aneous nystagmus which increases on fixation.
Vertical nystagmus(multiple Sclerosis)
Retraction nystagmus.
Oblique nystagmus.
Rotatory nystagmus(medul | a obl angnt a)
Square waves( atherosclerosis of the brain)
Restl essness of the eyes
Vertical gaze nystagmus: Supranystagmus in Supcavasion.

Bi temporal gaze nystagmus: dextronystagmus in dextro-
versicns and |evonystagmus in |evoversions.

Centrifugal nystagmus: dextronystagmus in dextroversions,
| evonystagmus In |evoversions
Supranystagmus in supraverssions or in all directions

(mesencephalic and pontine impairments-inferior cerebellar

fossa)
Positional nystagmus type Nylen I: persistent unfixed,
I ndef atigable nystagmus(Inferior c rebellar fossa)

Positional nystagmus type Nylen I1:
Persistent fixed, indefatigable nystagmus.

Nystagmus on torsion of the neck.

OPK nystagmus contral aterally weakened
(Cerebral hem sphere mesencephal on)

OPK nystagmus ipsilaterally weakened
(pons and the cerebellum)

OPK nystagmus bilaterally weakened

OPK i nversion.

OPK di sorgani zati on.

No response to the OPK test(hysteria or blindness)

I nduced nystagmus of too long a duration or of slow stopping

In induced nystagmus the time of the strongest response is

shifted.
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24. I nduced nystagnus with too strong slow conponent
hyper nyst agnus.

25. Strong Secondary nystagnus.

26. Paradox or perverted nystagnus relative to the expected
direction of the Induced nystagnus.

27. Directional preponderance of nystagnmus on the affected side.

28. Dimnished fixation suppression of nystagnus.

29. Fixation suppression of nystagnus absent.

30. Negative fixational suppression of nystagmus: Stronger
nystagnmus on fixation than on non fixation.

31. Changes in the direction of nystagnus during fixation.
32. Nystagmc irregularities only in one direction of induced
nyst agnus
33. Pathologic fixational Suppression in only one direction of
t he induced nystagnus.

34. Changes in the direction of nystagnus during fixation in
one direction of the nystagnus only.

35-60. Nystagmc irregularities.

Cerebral Hem spheric | esions:

Benitez JT(1972) found nystagnographic alternations with eye

tracking, octokinetic and calorie tests in patients with tenporo
parietal legions with extension to the underlying white matter
In cases where the |esion was autosuperior in the parietal to be
with mniml extension to the white matter, no significant

nyst agnographic alterations were seen. I n tenporoparieta

| esion that extends deep into the white matter interrupts

ocul onotor efference which causes a dimnition or abolishnent
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of the ortokinetic nystagnus to the opposite side of the
| esion. Thus optokinetic test which is easy to perform and

easy to interpret has a greater diagnostic significance that

the vestibul ar directional preponderance in central hem spheric

| esi ons.

Vesti bul ar | nbal ance:

A unilateral reduced vestibular response is generally thought
to be due to peripheral |abyrinthine or VIIl nerve pathol ogy.

However, a reduced vestibul ar response noted on a nonot her mal
(either warmor cool) caloric(air or water) exam nation may be

the result of directional preponderance al one, which has no

| ocal i zi ng val ue- Becker GD(1975). The effect of directiona
preponderance on nonot hernmal cal oric exam nati ons may be

el i m nated when the responses fromboth the warm and coo

caloric stimulations are used in calculating Rt/Lt difference

Only after calculating the results fromboth the cool and warm
(bitherrral) exam nations together is it evident that a 100%
Rt.directional preponderance is the cause of the nonot hernal
Rt/Lt difference. So here instead of interpreting the results

(from t he nonot hermal exam nation) as being conststant C'
peri pheral pathol ogy we woul d include that a vestibul ar
i nbal ance is present, but is of no |ocalizing val ue.

| di opat hi ¢ Spont aneous nyst agnus:

Coats AC(1969) did a study of spontaneous nystagmus in 121
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normal subjects and 160 patients. Suggests that an "idiopathic
Spont aneous nystagnus" is recorded with the subjects' eyes

closed in 20-25%of both the nornmal and patient popul ation.

This z+ nystagnus is probably of no significance in the

di agnosi s of vestigo-producing disorders. It is of |ow
intensity (usually below 4°/ sec, but occasionally in the

6 - 10°/ sec range) and is nore frequently directed to the

Left than to the Ri ght spontaneous nystagnus above | 0% sec
is of diagnostic significance.

It is probable that such a nystagnus will be of periphera
origin and directed away fromthe side of the peripheral
| esi ons.

Directional Preponderance-DP

DP is clinical ENG refers to bithernmal caloric induced

nystagnmus the intensity of C is greater in one direction than

the other(Brodeler-KH) The bithermal caloric stinmulus is

becom ng w dely used in the ENG eval uation of the vestibul ar
system The finding of DP indicate an abnornality wthin the

vesti bular system including its central connections and has

no | ocalizing val ue.

Perilabyrinthitis: presented a case of perilabyrinthitis

wi th an unusual form of nystagnmus altering mechanism Patients

who are f und to | eave a decreased or absent response to caloric
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or positional testing may on global digital conpression;

mani f est nystagnus as recorded by ENG This formof nental

altering is one which has not previously been described and
shoul d be kept in mnd when evaluating patients with

vesti bul ar probl em

ENG in Infants:

d osowski P et al (1977) tested by Caloric Stinulation
(30° ¢ & 44°C 60 infants 3-6 years ol d devoid of any

ear disease H story. The distribution "with sedation" and

"W thout sedation occurred by chance. According to age
and wei ght of the subject's sedation was obtained by intra-
nmuscul ar injection of Valiur. Nystagnus registration was

done by ENG The quantitative reductions in the observed

nyst agnus were as fol |l ow ng:

Nunber of beats: 19% + 5%
Maxi mum angul ar vel ocity

of the sl ow phase: 24% + 11%
Total anplitude: 24% + 11%

For caloric vestibular testing of infants, valium sedation
proved to be very satisfactory.

Pilot Candidates & ENG The Pastrotatong ENG responses of

pi | ot candi dates show ng no, noderate or strong vestative

reactions after Cawi oh's stinulations were conpared with
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those of pilots flying different types of aircraft It could

(Scurer M & Frohich(1972)
be illustrated that

(a) the snaller a person's vegetative resistance towards

rotatory stimuli, the higher his postrotatory ENG responses
and the higher the difference between Right and Left turns,

(b) Jet pilots during their flying training spot a habituations
of their vegetative reflexes and seemto develop a high sensi-

tivity and a good bal ance of their vestibular system

(c) This devel opment towards higher sensitivity is |ess

pronounced in fixed-wing pilots
(d) This devel opment was not found in helicopter pilots.

Equi l i brium trouble:

Anbry Met al (1968) desired a study to show the static modifi-
cations in patients having equilibriumtroubles. The tests are

performed with or w thout vestibular stimulation with the aid of

(1) A statokinesimeter which allows the recording of the position

of the center of gravity conpared to the polygraph of support its
shifting in the four cardinal directions and the guide correcting
movements during a vertical stand of variable duration(CGen:l mn)
(2) An electronmyograph which records the simultaneously the

muscul ar activity of some muscul ar groups.
(3) ENG findings of Pialonx et al denonstrate clearly that every

vestibular excitation provokes a functional variation by all the
muscl e of the body as the vestibular systemis strictly connected-
with the extrapyram dal systemthis fact means that the vestibular

activity is continually checking the muscular function.
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Vect or ENS:

Evjatar et al (1968) presented Vector ENG as a net hod of

vesti bul ar system study that may allow differentiati on and

anal ysis of responses fromboth the otolith and the sem -

circular canal system It utilizes a four channel recording

system consi sting of horizontal vertical and two pairs of

di agonal el ectrodes. Nystagnus, an oscillatory kinetic

conmpl ex, resulting fromthe corneo-retinal potential of the eye
ball as a dipole and possibly influenced by the electrical
fields lends itself to vector analysis. Vector ENG offers

the possibility of analysizing the shape and rotatory direction
of the nystagnmus, factors which are inportant in |ocalizing

the source of nystagm c inpulses within the vestibular system

The conclusions are based on nultiple channel ENGs perforned
during neasurenent of positional nystagmus and during

ny | abyrinthectony for Menieresdi sease. Sel ective nechani cal
stinulation of utride, saccule and anterior vertical canal was
perfornmed prior to end-organ destruction and the nystagm c

responses were recorded on the four ENG channel s.

Tunmors of the Cerebell opontine Recess:

Benitez JT and Bouchend KR(1974) found a significant nystagno-
graphic alterations in the exam nation of 10 patients with
tunors of the cerebellopontine recess as inpaired ocul ar

pursuit novenents when the eyes were noving towards the side of



(67)
of the lesion as detected by eyes tracking and OPK tests

Unilateral dimnition of OPK response was found towards the

side of the tunor(noving target towards the unaffected side)

The presence of saccades ai mng OPK response provi ded

addi tional information? even when the responses appeared
symetri cal

| nvesti gation of Spontaneous |ateral gaze & positional nystagnmus

contributed in less extent to the diagnosis of the lesions. A

Caloric test indicated nanely the side of the |esion but gave

little information as to the size of the tunor.

Miultiple Cranial nerve Pal sy:

Correa Sojos FA(1975), ENGis an inportant investigation in

the di agnosis of central or peripheral |esions of the vestibul ar

pat hways, whether or not they are associated with other cranial

nerve lesions. Several disorders of CNS whether due to infection
degenerative conditions or tunors may present as a disorder of
t he- vestibul o-acoustic system

ENG is a nmethod by which in certain cases, the 1st indications
of these conditions may be denonstrat ed.

Meni ere' s di sease:

Ri chard WB(1979) exam ned a case of Mnier's disease. Patient
presented with a direction-fixed geotropic positional nystagnus.
Compl etely consistent with his peripheral end-organ disorder.
Foll owi ng a glycerol test; despite marked inprovenent in

cochl ear function, he experienced a synptom of vesti bul ar
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dysfunction. A ENG shortly thereafter showed the nystagmnus
had changed to a pattern suggesting the possibility of a
central involvenent. |In this instance, this pattern was
not due to the basic disease process or to alcbchol. It was
the result of the ingestion of glycerine as a diagnostic
and prognostic procedure.

Endol ynphati c hydrops or vertigo of Meniere's is a peripheral
and gl obal |abyrinthine syndrome with cochlear as well as
vesti bul ar synptons. Roquette J and Sartual J(1961) studied

guantitatively and qualitatively the result of a functional

cochl eovesti bul ar exam nation of 41 patients suffering from

unilateral vertigo of Meniere's as well as the nmeaning of
each paranmeter of the vestibular response, authors ' pay
special attention to the possibility of there being constant

or typical relations between ENG and audi ol ogi cal findings

in illness

Wi pl ash Injury: Some people who have had "whiplash "

injuries conplain of positional vertigo precipitated by
rotation or extension of the head and this subjective conplaint
can often be substantiated by nystagnographi c exam nati on-
Conmpere WE(1968) Although the sunptomtends to subside

with tune reassurance and conservative therapy, the positiona
vertigo may continue for nore than 24 nonths. The positional

vertigo probably results from conpression of the 1st portion



(69)
of the vertebral artery against the transverse by

contracted deep"cervical, fascia and may anmenabl e to surgica

treatnent if conservative therapy fails.
Di zzi ness:

Eviator A et al (1970) did a study using ENG Spont aneous

and positional nystagmus findings of 70 normal volunteers and
745 patients conplaining of dizziness. The results were
conpared between these two groups. In the group of patients
conpl ai ning of dizziness the results of the positional tests

were conpared with the result of caloric exan nation.

As a group the patients conplaining of dizziness were found
to have nore spontaneous and/or positional persistent
nystagnmus than the normal vol unteers. However the incidence
of short duration type of nystagnus was not significantly

difficult between the groups.

The mpjority of patients with spontaneous and/or positional

nystagmus were found not to be suffering from CNS | esions

t hus indicating that such nystagnus in itself does not point
to a CNS | esion. Spontaneous and positional nystagnus

al t hough an inportant conponent of the ENG vesti bul ar

exam nation does not replace the bithermal caloric test and

has no significant value without it.

Down' s Syndr one:

Zarnoch JM (1980) recorded and described ENG results, parti-
cularly caloric responses froma snmall sanple of the Down's
syndrome popul ation. The nost significant inplication of this

study is that ENG s can be perforned on children, including
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those with retardation. It has |ongbeen the consensus that
children under the age of 7-8 years could not be eval uated
with ENG largely due to the tasking and calibration probl ens.
However this investigation has denonstrated that through
m nor SNG nodifications a broad picture of existing vesti -
bul ar functions can energe.

ENG i n Parkinson's di sease:

Pi al ouk(1969) did a study before and after coagul ati on of

t hal anus in Parkinson's disease. Confirmed (a) the existence
of vestibulo-thalamc fibres.

(b) the unilateral predonenance of vestibular fibres or centres
in the thal anus zone,

(c) the existence of the "nystagnogenic centre" in this zone.
This centre was discovered by Lachmann and Bergnan and

Monni er and Mont andon.

Cervical Vertigo:

Mccabe B(1975) did ENG exam nation in a case with cervical
vertigo along with many ot hers. The conbination of paracity

of physical and radiographic findings, betterness of the
conplaints, together with the pending litigation |led themto
the conclusion that their patients synptons were either
spurious or enotional. The positive ENG sign was the only sign
of organic disease. The physiopathol ogy of cervical vertigo
fromwhi plash injury is not known. It may be due to scanning
of either deep cervical nuscul ature vascul ative or lignments
produci ng abnormal volleys of discharge along the spino-

vesti bular tracts onto the vesti bul ar nucl ei .
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Posteri or Fossa Di sease:

Par ker W 1977) studied ENG findings of 150 patients with
confirned neurol ogic disease. Reported frequent occurrence

of dimnished optic fixation inhibition. Literature suggests
that this inhibitory reflex is nmediated through the cerebel |l um
Cinical evidence fromthis group of patients shows a high
correl ation between dim nished fixation inhibition and the
presence of other cerebellar findings. A low correlation

exi sts between normal fixation inhibition and the presence of
cerebel l ar signs.

This is considered as strong inferential evidence that optic

fixation inhibition of vestibulo-oculonotor activity is
nmedi at ed through the cerebellum Concl usive evidence nust await

specific |esioning experinents, Author described the physiol ogic

i nportance of the optivestibular inhibitory reflex.

Cer ebel | ar Tunors:
Nagabhyrae (A R (1979) concluded that by facilitating the

early detection of an intracranial |esion, ENG contributed

to a successful outconme in a 38 year old patient who initially
presented only with occasional dizzy spells associated with
nausea and vonetting but C no other CNS cardi ovascul ar

ot ol ogi cal signs.

Haring Roger D(1973) showed that the presence of very fine
ocul ar dysnetria can be detected as a calibration overshopt
during the performance of routine ENG  This overshoot of the
standard 10° fixation target are is an excellent sign of a

cerebel |l ar defect.
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Di ssem nated Scl erosi s:

Collord M and Conranx C(1981) did work on ENG in case of

Bi ssem nated Sclerosis patients. Areviewof the literature
shows the extrene frequency of nystagnus and changes in

vesti bul ar reflexes in dissem nated sclerosis. During the
course of this disease, it is possible to detect nystagnmus in
at least 2/3rd of cases and in a simlar proportion there are

changes in vestibul ar refl exes.

Usual Iy a hyper reflexia, especially in the early phases of DS
Subj ectively the patients rarely conplain of vertigo and such

synptons are in any case past of the early formof the disease.
on the other hand di sorders of balance are nuch nore frequent

but the factors involved are nunerous and the role of the

vesti bul ar systemis often debatable. ENG and Ccul ography

denmonstrate the extreme frequency of spontaneous or fixed

gaze nystagmus in this disease as well as the extrene

frequency of changes in conjugate eye novenents changes in

reflex, voluntary and automatic conjugated eye novenents ENG

can help decisively in the diagnosis of DS by revealing changes

whi ch refl ect danage to the brainstem | esions which are clini-

cally very often silent. In this way the diagnoses of DS may
be confirnmed. Further nore ENG can easily suggest another

di agnosis other than the early formof DS of the vestibular type

Multiple Sclerosis: St udy done by Aanta, Ri ckki nen & Frey-

(1973) found either positional or spontaneous nystagmus in 60%

of the nultiple cases tested by them Miltiple Scterosis was
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verified using both Schumatchus criteria and CSF findings
They suggest ENG and ot her nerol ogi cal techni ques provide

a valuable aid in the early differential diagnosis of

Mul tiple Scterosis because of their sensitivity and the
close relationship between dilection sites of M5 and those

structures which contribute to the naintainance of bal ance.

Spooner et al (1972) used phenonenon of hypertherm c
el ectroyst ynography whi ch sonetinmes causes new neur ol ogi cal

findings in patient wwth nultiple sclerosis.

Bell's Pal sy:

M ronenko(1978) exam ned ENG in patients with facial nerve
pal sy of Bell's type. 50%cases denonstrated spontaneous
nystagnus Vestibul ar hyporefl exes on the paral ysed side
were found in 30%

Hyperflex in 25%and normal reflex in 48% .

Aut hors suggests that vestibul ar disturbance are of the

sane etiology on Bell's paralysis.

Sensorineural hearing | oss:

Rahko T and Virol ainen E(1978) in their study presented two

second test tones at frequencies of 500, 1000 and 4000 Hz and
varying from 120 dB to 125 dB to 99 hearing inpaired ears. In
22 ears (22% an ENG change was seen after the tone stinulus, 8
cases had 3-10 second nystagnus, 5 cases a nystagnus of | onger
duration and in seven cases spontaneous nystagnus strengthened.

The frequency has not effect on the appearance of nystagnus.

The appearance of the ENG change in all recruitnment groups
supports the opinion that the effect is not nediated through

heari ng pat hways but by straight stinulation.
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ENG after Stapedectony:

The aimof the study done by Spector M (1973) was to assess

the persistent vestibular changes after stepedectony as shown

by ENG. 62 O osclerotic ears were studied before and after

st epedectony for vertigo, spontaneous and positional nystagnus
with closed eyes and intensity of caloric responses, in this
sense preoperative vertigo, spontaneous or positional nystagnus

poor - boneconduction or caloric hypoactivity did not routinely

correlate with post operative vesti bul ar troubl es. | n nost
cases vertigo was denonstrated after operation. In 6 cases
drilling of the foot plate induced a 66%rate of vestibular

dysfunction. A poor hearing result was usually associ at ed
wi th vestibul ar dysfunction. The vestibul ar apparatus was

nore cormronly adversely affected by stapedectony than the

cochl ear appar at us.

Skin |l esions: (Straham RW 1968)

The application of skin electrodes for ENG has resulted in
undesirable skin lesions in two of nore than 600 patients

t est ed Though possible etiologies of these skin |esions

i nclude electrical burns, sensitivity of the el ectrode paste
and over-zeal ons preparation of the skin, the |esions were
probably caused by a problem specifically related to the i
silver electrode and the individuals sensitivity. The presence
of calciumin the |lesions of these patients is best explained

by a soft tissue phenonenon called "dystrophic Calcification
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